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 Prologue  

 The Works  

This 2nd book of Spokes of the Wheel is about life on 

Earth.  

Spokes explores existence: the wild cosmos, the untamed 

mind, and the social artifice which humanity has created.  

The material presented in the Spokes series is 

cumulative. Material in early books is brought to further 

fruition later. For fullest comprehension, read Spokes in 

order. 

Clarity: The Path Inside 

Spokes Θ: Unraveling Reality 

Spokes 1: The Science of Existence 

Spokes 2: The Web of Life 

Spokes 3: The Elements of Evolution 

Spokes 4: The Ecology of Humans 

Spokes 5: The Echoes of the Mind 

Spokes 6: The Fruits of Civilization 

Spokes 7: The Pathos of Politics 

Spokes 8: The Hub of Being 

Clarity explains reality and how to become enlightened. 

Unraveling Reality is an introduction to Spokes, touching 

upon major themes. The Science of Existence roams the uni-

verse and introduces the natural world. The Web of Life 

chronicles the wondrous diversity of life. The Elements of 

Evolution tells life's history and explains how organisms 

adapt. The Ecology of Humans assays the interfaces of the 

human body. The Echoes of the Mind pivots on how people 

feel, think, and behave. The Fruits of Civilization covers the 

consequences of human endeavor. The Pathos of Politics 

probes how polity has plagued humanity. Spokes culminates 

in The Hub of Being, an exposition toward realization. 
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 Headings  

Spokes is heavily portioned, with symbolic conventions to 

delineate the hierarchy of material.  

 delineates untitled segments, or a return to a 

subject after wandering off. 

 demarcates subjects within a topical section. 

 

Each chapter has a synopsis. At the end of the book is a 

conclusion. A glossary is provided, which includes supple-

mental material that did not fit in the flow of the book. 

Many people are mentioned and quoted herein, and so 

there is a biographical section after the glossary. Thank you 

all for such diligence in appreciating life. 

Especial thanks to artists and photographers who freely 

provide their work for reproduction. Images of life provide a 

modest reminder of the wondrous beauty in Nature. Alas, 

small black-and-white photographs do not do the imagery 

justice, but such is the cost limitation of self-publishing. 

 

For more information about Spokes of the Wheel, visit: 

ishinobu.com. Research references for Spokes 2 are at:  

ishinobu.com/spokes-2/notes/. 

 

The world is in terrible trouble. Over half the world's popu-
lation is now urbanised. Apart from rats and pigeons, they have 
probably never seen a wild animal. How are they supposed to 
feel it's worth preserving unless they know what it is that keeps 
them alive, unless they understand the extent to which we are 
dependent upon the natural world, and that we are doing terri-
ble things to it by our very presence? ~ English naturalist David 
Attenborough in 2012 

 



 

 The Web of Life  
Life is full of beauty. Notice it. ~ American author Ashley 

Smith 

From its onset, life quickly diversified. Evolution begat 

interdependencies which only strengthened with time. Both 

variety and entanglement are essential aspects of Nature. 

Life profusely and prodigiously embraces both. 

The miracle of life has riveted the inquisitive throughout 

history and continues to fascinate. Understanding the coher-

ence of biology opens a portal to comprehending the nature 

of existence, and thereby add meaning to our own lives. 

 Defining Life  

What constitutes life is generally recognized to be: aware-

ness, a vibrant body, and autonomous activity. Beyond that, 

an agreed-upon definition of life has proved elusive.  

 History  

Life is the result of a special combination of atoms character-
ized by their constant mechanical movement. ~ Democritus 

4th-century-BCE Greek rationalist philosopher Democri-

tus was a strict determinist and a matterist: believing that 

everything accorded with natural laws. Chance had no 

chance.  

Democritus thought that life was maintained by the in-

halation of fresh atoms, replacing those lost by exhalation. 

When respiration ceases, atomic recycling stops. The result: 

death.  

Further, Democritus believed that humans, and humans 

alone, had a noble portion: the soul, pervading the body via 

psychic atoms. The soul, while distinct from the body, was 

material, and perished when the body died. 
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Historically, there have been 3 schools of thought on what 

makes life special: matterism, hylomorphism, and vitalism. 

Another school, animism, discounts life as extraordinary.  

Animism considers all objects and bodies, animate or oth-

erwise, spiritually imbued; there is no meaningful separation 

between the material and metaphysical. Any perceptible en-

tity possesses a spirit, including rocks, mountains, and riv-

ers. Animism is not especially concerned with defining life, 

as all of Nature is holy. 

Variants of animism form the core of various religions, 

including Hinduism, Buddhism, Shinto, Jainism, and other 

belief systems labeled pantheistic, where reality is identical 

with divinity. English anthropologist Edward Tylor called 

animism "one of anthropology's earliest concepts, if not the 

first."  

Matterism, embraced by Democritus and revived by 

French philosopher René Descartes in the 17th century, 

makes life out to be a complex arrangement of materiality. 

To Descartes, soul was a matter of matter. 

Aristotle, the ancient Greek master abstractor, concocted 

hylomorphism: that all things are a combination of matter 

and form. The form of life is in the soul.  

Aristotle posited 3 kinds of souls: vegetative soul for 

plants, which could not move or experience sensation; animal 

soul, where moving and feeling are part of the package; and 

rational soul, found only in humans.  

Aristotle believed the relationship between matter and 

soul is asymmetrical: matter can exist without form, but form 

cannot exist without matter. Therefore, the soul cannot exist 

without the body. Aristotle believed that purpose was the fi-

nal cause of life. 

Vitalism posits that living organisms possess a funda-

mental ingredient which distinguishes them from inanimate 

matter. The missing element is the spark of life, often 

equated with a soul. 

The idea of vitalism is prehistoric. Ancient Egyptians 

wrote of vitalism. In the 3rd century, Greek anatomist Galen 

of Pergamon, the most accomplished medical researcher of 

antiquity, held that vital spirits were necessary for life. 
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In embracing the concept of souls for at least some life, 

vitalism underlies monotheist Western religions. Man's do-

minion over the Earth is granted by The Bible. To merit this 

grant, Christian theologists quixotically posited the superi-

ority of man as being sole possessor of a soul (women ever 

being an adjunctive afterthought). The revival of Aristotelian 

thought in the 12th century abetted the effort. 

As science ushered in stricter empiricism during the Age 

of Enlightenment, vitalism lost its vitality. The spark of life 

was lost – replaced by faith in reductionist chemistry, 

wherein life was merely a peculiar molecular combination in 

a grand cosmic machine.  

There is no special force exclusively the property of living 
matter which may be called a vital force. ~ Jöns Jacob Berzelius 
in 1836 

Not all were convinced. 

18th-century French physiologist Xavier Bichat is re-

membered as the father of modern histology and pathology. 

Working without a microscope, his insights are especially re-

markable. Bichat introduced the notion of tissues, and main-

tained that diseases attacked tissues, not whole organs. 

Bichat also believed that life held "vital properties" beyond 

its material constituents. 

The organizing principle, which, according to an eternal law, 
creates the different essential organs of the body, and animates 
them, is not itself seated in one particular organ. ~ Johannes 
Peter Müller 

German physiologist Johannes Peter Müller penned his 

magnum opus – Elements of Physiology – between 1833 and 

1840. For the first time, Müller exposited an integration of 

chemistry, microscopic investigation, and comparative anat-

omy as approaches for studying physiology.  

An important facet of Müller's study was how the senses 

work and are employed. Müller's detailed explanations had 

an overarching theme: the presence of a soul renders each 

organism vibrantly whole. He claimed that the perception of 

sound and light waves demonstrated that living organisms 

held a life-energy for which physical laws could never fully 

account. 
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Following in Müller's footsteps, 19th-century French 

chemist and microbiologist Louis Pasteur believed that living 

organisms possessed "irreducibly vital phenomena." 

One fact about vitalism is irrefutable: empirical science 

has no explanation for how life is even possible. 

 Life Defined  

Before the time of Darwin, it was usually assumed that the 
behavior of animals was under the control of blind instinct. This 
was flattering to man, who prided himself on his possession of 
reason. ~ English zoologist David McFarland 

The essential activity of life is staying alive. All life be-

haves. Behaviors arise from decisions. Decisions derive from 

discernment. 

Life requires cognition at all levels. ~ American molecular 
biologist James Shapiro 

 Intelligence  

Reason or intelligence is the faculty which is concerned 
with the intentional adaptation of means to ends. ~ Canadian 
Scot evolutionary biologist George Romanes in 1892 

Staying alive requires intelligence: gathering information 

and making sense of it, to act with will. At root, the intelli-

gence of all life is selfsame: managing the concepts that come 

with perception, problem-solving, and decision-making.* 

The subject of the earliest cognition was electrochemical: 

reacting differently to distinguished chemical compounds. 

This makes perfect sense when considering that chemistry 

begat biology; that life originated via sequences of consistent 

chemical reactions, and that cells sustain themselves via co-

gent memory of requisite reaction sets. Memory is a sketch of 

experienced events, but, more specifically, the comprehen-

sion derived from those events. 

 
* The process of intelligence is gathering and analyzing information. 

The relative measure of intelligence is the ability to behave ap-

propriately. 
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Beside responding to the environment, organisms must 

proactively initiate chemical reactions and do so at an appro-

priate time. That takes intelligence, which is based upon 

memory.  

Memory may be transferred from one generation to the 

next. Such inter-generational remembrance is called instinct. 

Intelligence is exhibited by appropriate behavior. Appro-

priateness is a discrimination based upon available infor-

mation.  

Forging reactions to create or break down compounds re-

quires recognition that all the necessary ingredients are 

available, including energy, as well as having an orderly way 

to manage the process, and deal with the outcomes, including 

waste. The forgoing applies to all craft work, from a single 

cell to a woman in a workshop. 

Cell evolution has been a process of increasing sophisti-

cation in intelligence: augmenting reaction sets, as well as 

building layer upon layer of complexity in compounds and se-

quence sets, all of which must be remembered; whence the 

artifacts of accumulative genetics and the sophistication of 

proteins. 

Intelligence stems from sensation, which provides a run-

ning chronology of events. Sensory awareness necessitates 

consciousness. 

Consciousness inhabits every organic structure that must 

act with discretion. Every organism and every cell within has 

a mind which experiences sensations and processes them into 

perceptions, which are mental symbolic representations with 

assigned meanings. 

Microbes, fungi, protists, and plants are all intelligently 

resourceful despite having no discernable intelligence physi-

ology. Physical intelligence systems – such as the brains and 

nerve networks in some animals – are simply artifacts for in-

visible sentient energy gyres. 

Memory relates what worked in the past. Current intel 

tells what might work in the present. Every behavioral choice 

is based on information. 

The term intelligence descends from the Latin word inter-

legere: to choose between. Implicit is assessing information 

as a basis for choice. 



6 Spokes 2: The Web of Life  

Modern dictionaries define intelligence as the ability to 

understand. It is an inapt definition. Intelligence can only be 

assessed by observing behavior. So, defining intelligence as 

comprehension, however accurate, is a non-starter from a 

practical perspective. 

The adaptiveness of behavior is one of the most dominant 
features that we observe. Of course, animals do make mistakes 
and may appear clumsy at times, but for the most part their be-
havior is beautifully matched to their way of life. They respond 
appropriately to the features of their world and thereby feed 
themselves, find shelter, mate, and produce offspring. ~ Eng-
lish zoologist Aubrey Manning & English ethologist Marian 
Stamp Dawkins 

Outcome, not behavior itself, provides the basis for as-

sessing sagacity. The concept of outcome is a slippery one, in 

having a temporal context which may echo.  

Behavior may set into motion a gyre of events whereupon 

immediate result presages a much different aftermath in 

terms of affecting the well-being of the organism that per-

formed the behavior. An initially positive outcome may trans-

form into disaster. Consider human civilization, and the 

extinction event it has created. Much-vaunted technology has 

proven a curse for sustainability. 

A usable definition of intelligence emerges as: regular be-

havioral outcomes that confer survival advantage. 

Intelligent behavior has to be judged within the structural 

constraints. ~ English botanist Anthony Trewavas  

In defining life, one might be tempted to add that an or-

ganism is self-contained – that is a constricted view. Living 

is an ecological exercise: entangled interactivity between an 

organism and its habitat. Life is a process, not a body. An 

organism is a gyre of activity: a being. In sum, life is vigorous 

intelligence, existing in a form that is ecologically active. 

 

The evolution of cells aimed at functional optimization 

which spelt specialization: one part of a cell does something, 

while another does something else. Intracellular actions 

must be coordinated. Coordination requires communication.  
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 Communication  
All poetry has to do is to make a strong communication.  

~ English poet Stevie Smith 

Communication is transmitting information. Neither re-

ception nor behavior is necessary for communication to occur. 

A futile cry for help – to no reception – is still a communica-

tion. 

Reception often differs from the intended signal; a disso-

nance known as miscommunication. 

To signal is to intentionally send a communiqué. Signal-

ing is necessarily reactive, in having an originating stimulus, 

though that stimulus may be nothing more than the passing 

of time. 

As communication is often unintentional, volition does 

not belong in its definition. Communication may lie outside 

behavior, and, by logical extension, outside life itself. Nature 

is constantly communicating. 

More mundanely, we tend to think of communication as 

being between beings. But communication is also within an 

organism: between cells, and even between molecules within 

cells. In all instances, the essence of communication is eco-

logical information. 

 

Sensation is internal communication of sensed external 

stimuli and information about the quality of its reception: 

sensation includes the status of the sensory apparatus, as 

well as its substantive uptake.*  

During perception, the mind symbolically synthesizes 

sensation, determining its meaning. Perception references 

knowledge, which may either be from experience or innate. 

Sensation and perception are both internal communications. 

Behavior is driven by concepts which are deemed mean-

ingful. Meaningless perceptions are ignored. 

 
* Information about sensory quality typically goes unnoticed. It is 

only when our senses seem amiss, such as during sickness, do we 

become aware of that aspect of sensation.  
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To be in the world is to communicate. Such is the entan-

glement of life. 

All behavior is communication. ~ American communication 
scholar Paul Watzlawick et al 

Signaling sometimes involves a level of indirection. The 

fruit that advertises its ripeness is communicating on behalf 

of the seeds inside. Fruit past its prime is a different commu-

niqué. 

Flower advertisements and potential prey warnings are 

exemplary communications. Blossoms have nectar guides 

which communicate a beeline to a treat.  

Patterns of high contrast on a flower are particularly at-

tractive to bees. As all vision systems are keyed to contrast, 

flower patterning is an attribute of visual communication at-

tuned to an intended receiver. 

Flowers with conical petal cells, such as roses, provide ad-

hesive grips that let a bee grab onto when it is windy. This is 

an example of communicated convenience as a morphological 

trait. 

Indigestible animals sport loud spots, outrageous colora-

tion, or other identification to ward off predation. Some free 

riders mimic the inedible species, to gain the same protection 

without packing the poison.  

Mimicry is specific signaling. Though an unappreciated 

communiqué to all but its sender, camouflage is often not 

even a behavior. 

 Fake Feces   

 Though there are exceptions, most animals avoid dung 

as an unsanitary hazard. A well-known exception are flies, 

which feast on fresh feces. Therein opportunity lays like a 

platter if only one can resemble a fecal splatter. 

The orb-weaving spider covers its web with blotchy white 

decorations that resemble bird droppings. Its silver body 

blends in. The effect fools wasps upon which spiders dine. 

Long before Asian swallowtails emerge into beautiful 

black-and-white butterflies, their caterpillars look like little 
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logs of bird poop. This disguise dissuades potential predators 

when the young logs are most vulnerable.  

The bird-dung crab spider in Singapore both looks and 

smells like shit. This crappy deception attracts tasty flies. 

Looks do kill, but it's the scent that keeps them coming. 

 

Although protective coloration provokes no direct behav-

ioral response, being overlooked by a predator is a non-re-

sponse that qualifies as behavior, as inaction is as much 

behavior as action. 

The surfaces of bodies of water aren't the commonest of hab-
itats, but a decent number of creatures are specialized for get-
ting around on it. ~ American zoologist Steven Vogel 

A water strider rests on the surface of a pond, its feet 

(tarsi) repelling water while allowing the insect to support 

itself by water tension. Tarsi-invoked ripples let one water 

strider communicate with another. A water strider can tell 

the sex of another by its ripple messages. 

Those same tarsi pick up ripples as a fly struggles on the 

water's surface; signals of a meal-to-be. To a water strider, 

this is a warbling monologue in good taste. 

Raft spiders that live in bogs independently evolved the 

water strider technique of using a water surface as a virtual 

web. 

 Telltale Smell   

Mosquitoes find succulent humans and other beasts by 

sniffing them out. Even a minute emission of nonanal 

(C9H18O) – an oil which humans exude from their skin – in-

vites a mosquito.  

The mosquito's daily biorhythm gears up its olfaction 

equipment so that mosquitoes' sense of smell is better at 

night than during the day, when it is asleep. As victims can't 

see it coming, nighttime is the right time for bloodsucking. 

 

The prey that gives itself away implies that sheer corpo-

reality is communication. So it is.  
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Exchanging chemical compounds is common to all life. 

However hard-pressed one might be to call viral invasion ag-

gressive negotiation, it often is just that.  

Many viruses can mimic a host cell protein or other cell 

component responsible for initiating a defense response, and 

so can get on with their business of infection without inter-

ference. In this instance, stifling normal signaling qualifies 

as communication, albeit a sly one indeed. 

 Metacommunication   

Metacommunication is a communication qualifier: a way 

of contextually qualifying behaviors that follow.  

 Cleaner Fish   

Cleaner fish sport a uniform 

that identifies them by occupation. 

They have a contrast-enhancing 

black lateral body stripe that non-

cleaning fish lack. Clients also rec-

ognize cleaners by their colors, par-

ticularly blue and yellow on certain 

body parts. These characteristic 

colors make the highest contrast against a reef background. 

Cleaner fish dance before a potential client to signal their 

intent; a metacommunication that induces the much larger 

fish to reserve its predatory instinct and wait passively to be 

cleaned. 

Having recognized the uniform and advertisement, a po-

tential client fish that might otherwise consider a cleaner a 

decent meal instead decides to communicate an all-clear sig-

nal for cleaning: another metacommunication of intent. After 

all, food isn't hard to find on the reef; but a good cleaning – 

well, that's a service. 

When a fish has had enough of having its mouth cleaned, 

it jerks its jaw in a certain way to tell the cleaner that it is 

time to move on. The otherwise risky marine ectoparasite re-

moval business relies upon interspecies metacommunication. 
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 Play   

Carnivores posture as an invitation to play. An adult 

male lion invites a cub to play by bowing before the cub (fore-

quarters lowered): a gesture that has no other context, and 

an indicator that any aggressive actions that follow are play. 

Wolves, coyotes, and dogs use the same posture, and may wag 

their tails during play fights. Dog tail-wagging with humans 

is an indication of happiness akin to that when playing. 

Young monkeys spend most of their time playing with 

each other. Howler monkey and gibbon infants chirp at each 

other to indicate that the actions that ensue are playful in 

intent. Other monkeys display a play face. 

Playful aggression is part of behavioral development in a 

carnivore: for example, stalking and attack practice. In social 

animals, learning social graces, especially acceptable limits 

of aggression, are necessary for a successful life. 

 Cellular Communication   

Tunable interplay of self-communication and neighbor com-
munication enables cells to span a diverse repertoire of cellular 
behaviors. ~ cytologists Hyun Youk & Wendell Lim 

Cells are the atoms of life. Both are organized on ener-

getic relations.  

Similarly, cellular communication is analogous to the dy-

namics of inorganic existence; the relations between suba-

tomic particles, and between atoms in molecules. There is 

continuous interaction in all instances. 

Cell polarity is critical for the specialized function of the vast 

majority of cells. ~ American molecular biologist Rong Li 

Electrical potentials provide beacons of cellular organiza-

tion and status. Cells construct polarity to facilitate spatial 

orientation within, allowing parts of a cell to understand 

where they are in relation to others. 

To engender polarity, enzymes carefully arrange phos-

pholipids, which are a major component of cell membranes. 

This alters the map of electric charges in a cell, helping shape 
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a coherent terrain for cellular molecules to comprehend. Be-

sides their structural role in assisting intracellular molecular 

orientation, phospholipids facilitate intercellular signaling. 

Subatomic particles form an atom via communication. 

Bosons urge fermions into coherent relations. Intracellular 

communication functions similarly. 

In organisms, biomolecules, such as proteins, are not just 

conglomerated atoms. They are a continuing community: in 

constant communication with each other.  

Multicellular bodies also function as a society. Cellular 

actions and interrelations often follow rules of economy, just 

as molecular bindings and interactions adhere to their own 

set of energetic conventions. 

Cells communicate within and without. Every cell has its 

own internal network. Outside is an external network: the 

cacophony of the neighborhood to which a cell belongs, as well 

as long-distance missives from conspecific cells. 

Conspecific refers to the same type or species. Interspe-

cific is of different species or varieties. 

Membrane signaling is fundamental for almost all aspects of 
life because that's how information gets from outside cells to 
inside cells. ~ American biochemist Adam Cohen 

Elaborate sets of communication channels and protocols 

exist in all cells: to track events within, to procure supplies 

and avoid hazards from without, to fight invasion, to grow, 

divide, repair, to pick up on neighborhood news, and receiv-

ing marching orders to serve an organism's greater good. Cel-

lular communication is part of a gyre of information 

gathering and retention, frequently leading to decisions that 

initiate a new round of communication.  

A cell never loses its sense of self, but its mandate is to 

serve its organism rather than just its own needs. Without 

this, eukaryotes could not develop and function, nor prokar-

yotes socially aggregate to greater success than individuals 

could ever achieve. 

Cells in a multicellular organism are often not symmet-

rical. The cells in an animal's intestines, for instance, need to 

know which side faces into the intestines, and which faces 

out, toward the rest of the body. This requires coordination 
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and communication, both with neighboring cells and within, 

for the cell to allocate resources and process operations in the 

right place at the right time. Different genes are expressed in 

different parts of a cell to accomplish this. 

 

Cell signaling comprises the complex set of communica-

tion protocols that cells employ for messaging, whether 

within or without. In its vast diversity, cell signaling is easily 

one of the most intricate realms in biology. 

Signal transduction defines the 2-step process of intracel-

lular communication. 1st, an extracellular signaling mole-

cule activates a receptor on a cell surface.  

Surface reception prompts creation of another molecule, 

termed a 2nd messenger, which carries the signal to a target 

molecule within the cell; often, either in the nucleus or cyto-

plasm. Reception of the 2nd messenger within a cell organelle 

typically eventuates in a response.  

Prokaryotic cellular communication is similar, though 

the intracellular receiver is not an organelle. 

Each cell type has its own language, appropriate to its 

lifestyle. Cell nomenclature also includes vocabulary that is 

understood by other cell types, including other organisms.  

The energy economics of evolution practically dictate the 

forms that cell signaling take, though biochemical communi-

cations have evolved context: how a specific signal is to be 

interpreted. 

 

As all eukaryotes are symbiotic, different species being 

able to communicate at the cellular level is essential. Con-

sensual communications often lead to concerted actions.  

In humans, commensal bacteria help keep the body in 

pathogen-pounding condition. Bacterial signals influence im-

mune cell training and warn of invasion. They even fight in-

fectious agents. The reason they do so is self-interest: 

invading pathogens are competition for limited resources and 

can wreak havoc upon the shared homestead.  
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 Intracellular Communication  

Inside the cell, there exists a network of molecules. Between 
them, information is constantly being exchanged. ~ German 
microbiologist Ingo Schmitz 

Every cell, whether a primordial yeast or post-modern hu-

man, has a complex high-speed system of pathways for trans-

porting cargo within, such as proteins and various vesicles. 

Actin cables, formed into helical filaments, are protein-paved 

highways. Myosin molecules are nanoscale motor proteins 

that ply the filaments as transporters. 

A cell's transport network is highly optimized in paths 

and lengths: neither too long, nor coming up short. Every cell 

organically finesses a fiendishly difficult geometry problem. 

The problem is solved by feedback: passengers communicate 

to the cellular machinery providing the transport via protein 

tokens which regulate path growth. 

Transport is just one facet of cellular communication. In-

tracellular chat transpires in numerous ways for a wide va-

riety of functions related to every state and stage of a cell's 

life. 

Using peptides (protein fragments), status updates are 

regularly transmitted from deep within a cell to the cell's sur-

face, to keep the immune system and other interested parties 

informed about what is going on within the cell.* At the cell 

surface, MHC-1 proteins filter the data in the status updates 

and present only relevant information to patrolling immune 

system cells.† 

 Calcium Ion Channels  

Calcium ion (Ca2+) waves are a ubiquitous intracellular 

message medium that regulates diverse cellular activities. 

Besides intracellular signaling, extracellular environmental 

 
* Peptide-loading complexes within the endoplasmic reticulum are 

responsible for production and quality control of messaging pep-

tides. 
† MHC-1 is a class of immune system related glycoproteins. MHC 

stands for major histocompatibility complex; a term referring to 

biological (tissue) compatibility. There are 3 MHC classes. 
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information is translated from calcium waves. The physiolog-

ical correlate of cognition transpires via calcium waves trav-

ersing glia cells in the brains of animals and among plant 

cells. Certain proteins modulate the waves which other pro-

teins receive and interpret. 

Calcium wave communication is like music in that the in-

tensity and frequency of waves – the distinct pattern – deter-

mines the message.  

It's like in an orchestra, where studying an isolated note on 
its own allows no inference of the melody. You have to hear 
how the frequency and volume of all instruments vary and pro-
duce the melody. Then you gain an impression of the musical 
piece. 

At first sight, there is no simple pattern to the ion impulses. 
Yet they still culminate in a meaningful response inside the cell. 
The pattern is the actual signal that leads to a response in the 
cells. ~ Luxembourger biologist Alexander Skupin 

 Electrons  

Electrons are the fuel. ~ Chinese molecular biologist Chang-
Jun Liu 

Calcium ion waves illustrate the modus operandi of com-

munication at the most basic physical level: the deliberate 

movement of electrons.  

Proteins specify construction of cellular materials by pre-

cisely placing electrons. For instance, plant cell proteins se-

lectively allocate electrons at just the right time to produce 

the specific type of lignin that a plant wants. Lignin is the 

complex polymer that provides the scaffolding for algae and 

plant cells. 

Salmonella bacteria are intracellular pathogens. They 

ply their infectious trade by shuffling electrons. 

To spread their infection, Salmonella hitch rides in mac-

rophages, which are immune system cells responsible for con-

taining infection. First, a bacterium calls for a taxi by 

generating an electric field which attracts white blood cells. 

Macrophages engulf the electrified Salmonella, supposedly 

succeeding in pathogen containment. 
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Once ensconced in a while blood cell, a Salmonella 

changes its electronic songs to get the macrophage to leave 

the intestinal tissue where the cell made its capture. The 

macrophage enters the circulatory system carrying its cap-

tive. The Salmonella then entices its release with an elec-

tronic signal, thus allowing the infection to spread through 

the body. A wily symphony of electrons has macrophages 

dancing like puppets to Salmonella's tune. 

 Prokaryote Palindromes  
To protect themselves against chemical threats, many 

prokaryotes, including bacteria and archaea, employ a toxin-

antitoxin (TA) system. A TA system is a set of 2 or more 

linked genes which together encode for both a toxin protein 

and a corresponding antitoxin. A TA system allows for recog-

nition (of a toxin) and remedy (by applying the antitoxin). 

There are 6 known toxin-antitoxin systems, which are 

classified by the physical medium the antitoxin uses to neu-

tralize the toxin. RNA is used in types 1 and 3. The type 2 

system inhibits a toxic protein by binding an antitoxin pro-

tein to it, imprisoning the toxin. Types 4–6 are less common 

than the first 3. 

Bacteria are fond of type 2 TA. The genetic information to 

implement this system can be tucked into a plasmid (a tiny 

capsule) and shared with others – horizontal gene transfer. 

This helps bacterial colonies survive what would otherwise 

be a lethal onslaught. 

A palindrome is a word that reads the same forward or 

backward. Civic is an exemplary palindrome. 

In over 25% of known bacteria species, the instructions 

that tell type 2 antitoxin proteins how to do their job are en-

coded as palindromes. Archaea also use TA palindromes. 

The especial advantage of palindromes is robustness. A 

portion of a palindrome may be damaged yet still be decipher-

able by knowing that the message is a palindrome. The co-

herence behind evolution can be quite the clever packager. 
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 Intercellular Communication  

All cells use information about the forces in their environ-
ments to direct decisions about migration, division, and cell 
fate. ~ American cytologist Douglas Robinson 

Cells live by intelligence. This requires interactive com-

munication. 

There are ~200 different cell types in the 37.2 trillion cells 

in a human body. Most cells express dozens, or even hun-

dreds, of distinct cell messenger molecules (ligands) and re-

ceptors – creating a highly-interconnected network of cell 

types which intercommunicate through multiple ligand-re-

ceptor pathways. 

Cells speak only a handful of different molecular languages 
to work together to carry out an incredible diversity of tasks. 
These languages are sophisticated and have a large vocabulary. 
~ American biologist Michael Elowitz 

As a plant grows, each cell needs to know its place in re-

lation to other cells. Cells communicate to create the patterns 

from which different tissues arise. Plants do so using small 

bits of RNA, which is a particularly rich information medium. 

Unlike conventional development signals, small RNAs oper-
ate in a highly specific way, and they can intervene directly in 
gene activity. ~ German plant geneticist Marja Timmermans 

Besides monitoring internal operations, cells constantly 

acquire information about their external environment. This 

information is critical to making informed decisions about 

processes essential to survival, growth, and reproduction. 

Age mosaicism across multiple scales is a fundamental prin-
ciple of adult tissue, cell, and protein complex organization.  
~ American cytologist Martin Hetzer et al 

Organs and cells comprise constituent components at dif-

ferent ages. Every organ is a mix of old and new cells. Every 

cell has novice and experienced proteins. The reason is edu-

cational: for youngsters to learn from their elders how the 

show is run. 
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 Sweet Talk  

Telltale surface sugars enable cells to identify and interact 
with one another. ~ Israeli biochemists Nathan Sharon & Ha-
lina Lis 

All cells wear a coat of sugar molecules (glycans) as part 

of surface glycoproteins. Glycans stick out like an antennae 

forest. Glycans can cluster and thereby channel water over a 

surprisingly large range: tens of nanometers (a water mole-

cule is a mere 0.3 nm). By this, sugar facilitates communica-

tion through intercellular fluid. 

 Stem Cell Conference  

Stem cells are the mother of all eukaryotic cells: generics 

that can differentiate into specialized cells to perform specific 

functions. Stem cells can also self-renew and generate more 

stem cells. 

Early in an organism's life, following a development plan, 

embryonic stem cells differentiate into cells that form various 

tissues and organs. This process comes from exquisitely coor-

dinated dialogues between cells. At least 3 different protein 

networks are involved in stem cell differentiation.  

1st, activating and deactivating various genes direct a 

stem cell toward differentiation. This involves a flurry of ep-

igenetic intracellular communication.  

2nd, epigenetic tags on messenger RNA of activated genes 

properly nudge a cell toward differentiation.  

3rd, the feedback loop that normally inhibits cell prolifer-

ation is blocked, allowing rapid cellular development in the 

determined direction. Cancer cells proliferate by blocking 

this inhibiting feedback loop. 

Epigenetics provides both the language and recordkeep-

ing of what is going on during this complex conference, which 

eventuates in a stem cell taking on a new role. 

As needed throughout life, stem cells provide repairs by 

replacing damaged cells. The communication process in-

volved is selfsame to that during development. 
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 Wounds  
Epithelial wound healing is a multistage process. Cells must 

detect the presence of a wound, migrate and proliferate in a co-
ordinated fashion to close the defect, and then successfully 
reestablish tissue-wide epithelial architecture. ~ American cy-
tologist Erica Shannon et al 

One way that damaged and dying animal cells communi-

cate their distress is by releasing specific proteins into the 

extracellular fluid. Another way is through specialized inter-

cellular tactile connections. These junctions allow neighbors 

to directly exchange electrical impulses, ions, and molecules. 

Other cells pick up on these signals and boost their inter-

nal calcium levels, triggering a transformation from static to 

mobile form, allowing undamaged cells to initiate wound re-

pair. 

 Communal Encyclopedia  

Biological production of extracellular vesicles is widespread, 
with vesicles produced by species across all branches of the tree 
of life. ~ English marine microbiologist David Scanlan 

Cells in all domains of life produce membraned vesicles 

(MVs) that contain lipids, proteins, and genic information. 

These vesicles are constantly secreted into the surrounding 

environment. MV production and secretion is dynamic and 

manipulatable, allowing cells to send informational mes-

sages and receive feedback. 

Exosomes are saucer shaped MVs produced by most eu-

karyotic cells. All kinds of cells, including cancer cells, com-

municate over long distances using exosomes. 

By their ubiquity, MVs provide a communal encyclopedia. 

Cells selectively incorporate encountered vesicles to ascer-

tain a wealth of information about the neighborhood in which 

they live and its history.  

This knowledge is especially helpful to microbes, which 

often traverse new territory. The genetic data in vesicles is 

especially useful as it affords transfer of nifty adaptations 

which may be incorporated and employed accordingly. 
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Cells constantly adjust their metabolism based upon 

available nutrients. They regulate their repairs and transi-

tions through the cell life cycle based upon accessible sup-

plies, requisitioning specific compounds through the cellular 

communication network as needed. 

In a multicellular context, individual cells transform, re-

produce, or even commit programmed suicide (apoptosis), to 

benefit the survival prospects of the whole organism. Dying 

cells interact with their neighbors, apprising them of their 

situation. They can send signals for other cells to proliferate 

and tell cells from afar that it is time for them to die too. 

During development, certain cells must surrender their 

lives to advance an organism to the next stage. Fingers 

emerge from paddle-shaped hands by apoptosis of the cells 

that form the webbing between digits-to-be. Such self-sacri-

fice is the ultimate expression of intercellular cooperation. 

Cell-to-cell communication plays critical roles in specifying 
cell fate and coordinating development in all multicellular or-
ganisms. ~ Chinese molecular biologist Xianfeng Morgan Xu 

 Primary Cilia  

A cilium is a slender protuberance projecting from a eu-

karyotic cell body. There are 2 types of cilia: motile and pri-

mary (non-motile).  

Motile cilia are like the flagella on bacteria and some eu-

karyotic cells: a means of moving about. Sperm cells have mo-

tile cilium that lets them swim to their target and 

consummate a love connection. 

A bacterium's flagellum is a single lash-like tail that pro-

pels a bacterium through a fluid. A bacterium also uses its 

flagellum as a sensory organelle. Some bacteria, like Helico-

bacter pylori, which lives in the stomach, have multiple fla-

gella. 

Primary cilia are found in most animal cells. They were 

discovered in 1867 by Russian biologist Alexander Kovalev-

sky. Quickly dismissed as an evolutionary artifact of no sig-

nificance, primary cilia were ignored for over a century. 

The primary cilium is a cell's transceiver: detecting a 

wealth of information about its surroundings and acting as a 
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cell status transmitter. The primary cilium picks up protein-

based chemical signals and information from mechanical 

forces, such as fluid flow and tensile force, in the immediate 

vicinity. 

Cell status sent via primary cilium is essential to devel-

opment and tissue maintenance, allowing coordination that 

otherwise would not happen. Primary cilia help orient stem 

cells in their direction of growth. Diseases result if primary 

cell cilia are not working properly.  

For efficiency, there is only 1 primary cilium per cell. Mul-

tiple cilia would degrade signal reception quality as well as 

increase cellular complexity without advantage.  

 Communication Lines  

Cells constantly communicate with each other by direct 

contact (juxtacrine signaling), over short distances (paracrine 

signaling), and long distances (endocrine signaling). 

Direct communication between adjacent cells underlies 

tissue organization. Contact signals use a simple sugar (oli-

gosaccharide), protein, or lipid component of the cell mem-

brane to message.  

Nerve cells are juxtacrine signalers: translating internal 

electric pulses into chemical communiqués that are passed 

cell-to-cell over gap junctions. These conversations are over-

heard by nearby cells. 

Brain stem cells monitor activity, listening in on nearby 

nerve and glia cells. This chemical eavesdropping regulates 

new cell growth. 

Paracrine signals are used for cell growth and repair, in-

cluding blood clotting and scar tissue formation. Allergen re-

sponses are initiated by paracrine signals.  

Insects and crustaceans control growth through para-

crine signals: allatostatins, which are neuropeptide hor-

mones. Retinoic acid, the active form of vitamin A, is an 

allatostatin which regulates gene expression during embry-

onic development in higher animals. 

Short-distance statements are typically designed to de-

grade quickly, as diffusion could lead to disruption rather 

than appropriate action. 
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Long-distance communication is big business in a multi-

cellular organism; the medium to living large.  

Neurons communicate over long distances via long fibers 

– axons – that send electrical signals. These cells provide the 

intelligence network known as the nervous system. 

Other cells have cellular extensions – filopodia – which 

are used for sensing, cell-to-cell interactions, and migration. 

Cytonemes are long, thin filipodia that are specialized for ex-

changing signaling proteins between cells over long dis-

tances. Filopodia form a dedicated network by directly 

extending from cells that receive signaling proteins to cells 

that make them. Physical connection between cytonemes 

completes a private communication channel between cells. 

The endocrine system is the glandular network. Glands 

produce hormones that traverse the bloodstream with regu-

lation instructions.  

Hormone is a general term for any endocrine signaling 

compound. All multicellular organisms produce hormones. 

Plant hormones are termed phytohormones. Animals typi-

cally transport hormones in the blood.  

A hormone hits home on a certain cell receptor by binding 

to its receptor protein. This reception is then translated into 

cell-speak by a 2nd messenger. The cell then decides on an 

internal response. 

In contrast to the glands of the endocrine system, exo-

crine glands are doers, not talkers: secreting their products 

exclusively through dedicated ducts directly into the external 

environment. Saliva, sweat, mucus, and mammary are mam-

mal exocrine glands. 

 

 Killer Diagrams  

All animals have protection against the pathogens to 

which they are susceptible via an innate immune system.  

Evolution upped the defensive game for vertebrates, 

which have an adaptive immune system that can learn and 

remember attacks to better cope the next time around. In-

nate immune systems also possess some memory, but it is not 

as sophisticated as in the adaptive variety. 
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Taking out the opposition is a team sport. Different cell 

classes and types are tasked with different roles and respon-

sibilities. 

For instance, there are 4 functional types of T cells, which 

play different roles: hunting (killers), assisting (helpers), not 

overdoing it (regulators), and archiving the episode (histori-

ans). 

Killer T's hunt in small packs. They converse as they 

prowl, expressing themselves by placing specific proteins on 

their surfaces. 

T talk is tactile. T cells rub up against one another, plac-

ing new proteins into the interface between them. These pro-

tein paintings are organized into beautiful patterns. One 

looks like a bullseye. The spacing of the patterns is signifi-

cant, as is the rigidity of the cell surface on which painting is 

done. T cells indulge in artful conversation before terminat-

ing pathogens with extreme prejudice. 

 Cancer Calls  

Cells must sense extracellular signals and transfer the infor-
mation contained about their environment reliably to make ap-
propriate decisions. ~ English biologist Margaritis Voliotis et al 

Cell sickness is characterized by a cell dropping social 

communication; leaving various feedback loops unanswered. 

Cancer cells arise this way: following their own inner voice 

while ignoring orders to cease and desist. Then, as a cellular 

sociopath, cancer turns intercellular communication to its 

own ends. 

Cancer starts in one tissue before it spreads to certain 

types of secondary tissue. The mystery of metastasis lies in 

communication. Cancer cells decide secondary infection by 

trying to start a conversation with new tissues. Those that 

answer are invaded. By this, breast cancer makes its way 

into bone. 

 Media  

The features of our face are hardly more than gestures which 
force of habit has made permanent. ~ French writer Marcel 
Proust 
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Communication mediums vary, from molecular connec-

tions to waves of light, mechanical vibration/sound, and elec-

tricity. Every physical media that can convey information is 

a conduit for communication for some form of life. 

Chemical transactions are the mainstay of every organ-

ism, and so chemical communiqués predominate as the most 

common medium; used by every life, both within and with-

out.  

Electricity is another intra- and intercellular communica-

tion medium, particularly well-suited for rapid transmission 

over distance; hence, selected for nerve signals. Electric com-

munication between animals is rare. Electric fish employ var-

ious voltage vocalizations: short, abrupt zaps for aggressive 

encounters, but softer rasps during courtship.  

 

Communication modalities between life forms evolved in 

the context of habitat, as did every other aspect of an entity's 

existence. 3 facets pertain: 1) what travels best in the envi-

ronment between sender and receiver; 2) what delivers a rel-

atively robust signal for the receiver's senses; 3) the extent to 

which the interests of the sender and receiver coincide.  

There is convergence between how an organism earns its 

keep and how it communicates. Animals that rely on vision 

for foraging and predation tend to communicate via visuals, 

and so on. Contrastingly, subterranean termites, for whom 

sight would be literally senseless, communicate by scent and 

touch, the same way they sustain themselves. 

 Light  

The availability of a medium is a crucial factor. Vision 

most often depends on daylight. The Moon at its brightest is 

1/10th that of daylight. Some find workarounds. 

 Fireflies Alight  

Fireflies and glowworms manufacture their own light and 

use it for signaling. Whereas a glow worm may shine from 

the sheer optimism of being a grub, fireflies put on a serious 

love light. 
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In the milky twilight of mild summer nights, a male fire-

fly flashes his wares for females, who are a bit wary. A female 

responds only to those displays of light that she feels are 

right. 

After a lengthy back-and-forth courtship on the blink, the 

lights go out. The flashy dating turns into an all-night mat-

ing.  

The next night, a female is likely to mate again, with a 

different male; likewise for a beaming male. Fireflies like va-

riety in their couplings for good reason. 

A male gives his briefly betrothed a spermatophore: a 

sperm packet, which the female may later choose to use to 

impregnate herself. Packet size varies, and size matters. A 

male with a weighty wad gets the nod to father the next gen-

eration. 

Mating is not the only reason fireflies alight. A firefly's 

glow also warns off bats, which might otherwise eat them. 

It's an honest signal. Bats think fireflies have a disgusting 

taste and will spit them out if they catch one. 

Bats don't depend solely on bioluminescence to avoid an 

unpalatable snack. Bats can tell fireflies apart from other in-

sects by the speed at which fireflies beat their wings.  

 Bioluminescence  

90% of deep-sea marine life produce bioluminescence. 

Humboldt squid flash patterns of colored bioluminescent 

lights to communicate with conspecifics using a sophisticated 

language. 

Visual signaling is affected by both the amount of availa-

ble light, and how well certain wavelengths travel. Blue light 

(475 nm wavelength) travels well through seawater but 

longer (infrared) and shorter (ultraviolet) wavelengths get 

filtered out. Hence, many reef fish are blue or yellow, or have 

striking stripes. 

Watases lanternfish are hunted by predators that strike 

from below. Light-sensing cells around their bodies provide 

the essential information for ventral (downward-pointing) bi-

oluminescent cells to make the lanternfish invisible to those 
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looking up. Likewise, some squid employ bioluminescent bac-

teria for counter-illumination, to match the overhead envi-

ronmental light as seen from below. 

Some sea creatures, such as the black dragonfish, prevent 

being exposed by bioluminescence by sporting light-absorb-

ing skin which renders them pitch black. A thin film that co-

vers their skin comprises an intricate, layered matrix of 

microscopic granules that create a labyrinth for light. 

The trick to being really dark is to control the scattering of 
light. You have to let light into a material and let it bounce 
around a lot. ~ American zoologist Sönke Johnsen 

 

Even on land, certain wavelengths travel better, and cer-

tain colorations are more conspicuous.  

Leaf warblers are small arboreal birds with simple songs 

and various colorations depending upon where they live. Sev-

eral have their niches in the trees. Whereas some prefer the 

top canopy, others nestle under shrubs. To optimize visual 

signaling, birds that live in darker habitats are more brightly 

colored.  

 

Colors in plants and animals are produced by pigments 

and nanostructures. Surprisingly, given the vast diversity of 

colors in fauna, animals lack many pigment synthesis genes 

that are common in plants. The evolution and employment of 

visual signaling through patterning and coloration is not un-

derstood. 

We lack an appreciation of the developmental processes in-
volved in cellular structures and pattern formation at optical 
scales. ~ English biologist Innes Cuthill et al in 2017 

Given enough light, visual signals provide a vast diversity 

of possibilities. Like sound, visual signals are readily 

switched off or on. 

Unlike sound, light does not go around corners. But the 

line-of-sight limitation is not necessarily bad, as it can pre-

vent a predator or rival from catching on. 
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Patterns and colorations accentuate gestures, but ges-

tures alone are good enough if the intended receiver is recep-

tive.  

Male jumping spiders wave their front limbs in species-

specific semaphores to females. Fiddler crabs jerk their one 

enlarged claw in rhythms that other fiddlers comprehend. 

Facial expressions are commonly used among mammals. 

Visual communications may be even more subtle. Among 

wolves and many ungulates, eyes and/or ears alone convey 

messages that conspecifics understand.  

Visual signals that work over a broad 

range of frequencies are best for long dis-

tances. White contrasted against any dark 

offset is very conspicuous at every remove 

– hence the white tails of rabbits and deer, 

and the dashing eyebrows of mangabey 

monkeys.  

 Sound  

Animals make sounds that vary by motivational state. 

Aggression is signaled by a low frequency growl, while the 

sound of fear is high-pitched. The sound of a dog barking at 

a stranger approaching shows how the 2 emotions may be 

combined into a distinct sound signature. 

Sound is more subject to degradation than light, though 

high frequency sounds attenuate and are scattered by obsta-

cles more readily than low frequencies, regardless of environ. 

Some creatures take advantage of these audio parameters to 

tailor their sonic signals. 

Habitat fosters speciation, and communication factors in. 

Urban birds, such as sparrows and tits, sing louder and at a 

higher pitch than their country cousins. They do so to be 

heard over the noise. They also make other spectral changes 

in their songs, including timing, to improve conveyance.  
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 Echolocation  

Echolocating bats have superfast muscles which are rare in 
vertebrates and always associated with extraordinary motor de-
mands on acoustic communication. ~ Danish zoologist Coen 
Elemans et al 

Around 70% of bat species feed on 

small insects. Most forage on the fly 

via echolocation: ultrasonic sounds 

specifically emitted to produce echoes 

which a bat hears and processes to get 

precise mental images of local terrain, and of prey. Bats rec-

ognize the individual signature of their calls – a exquisitely 

fine discrimination amid a group of selfsame bats. Bats pre-

fer hunting amid vegetation that helps amplify their calls.  

Echolocation also acts as a communication medium. Big 

brown bats are insectivorous aerial hawkers that forage near 

others. Individuals emit calls to those nearby to claim dibs on 

flying morsels of choice. Competition for food can be so in-

tense that bats actively jam the echolocation of other bats, 

effectively foiling their closing in on prey. 

Bat biosonar is a most energetic animal sound: up to a 

roaring 140 decibels. When emitting a call – to avoid deafen-

ing themselves – bats stop up their hearing by contracting 

their middle ear muscles. Their ear muscles relax in time to 

receive an echo.  

Certain bats can deform the shapes of their ears in a way that 
changes the animal's ultrasonic hearing pattern. Within just 
1/10th of a second, these bats are able to change their outer ear 
shapes from one extreme configuration to another. ~ German 
biologist Rolf Müller 

A large object rather readily produces an echo at low en-

ergy and wavelength. Sussing out small objects requires finer 

resolving power. Hence bats need high frequency: 50–100 

kHz. Because sounds travel faster in water than air, dolphins 

employ echolocation up to 300 kHz. 

The echolocation muscles that bats use to hone in on a 

flying insect, dubbed terminal buzz, are superfast: 100 times 

faster than typical body muscles, and 20 times faster than 

the fastest human muscles, which control eye movement. The 
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sound-producing muscles of rattlesnakes, birds, and several 

fish species are superfast. 

Ultrasonic is an anthropocentric term: sound frequency 

above human hearing. Human hearing hangs up at 20 kHz 

(at best). 

A bat emits 2 spectra of sound frequencies – one high, one 

low – into a wide cone of space ahead of it. Within the spectra 

are harmonic pairs of high and low frequencies.  

The farther away or more peripheral a reflecting object is, 

the weaker the higher frequency reflection in the harmonic 

pair. Objects that reflect harmonic pairs back in perfect syn-

chrony are the ones that stand out clearly for the bat. 

Bat sensation converts the difference in signal strength 

into a delay in time (about 15 microseconds per decibel) so 

that harmonic pairs with wide differences in signal strength 

end up being perceived as out of synchrony in time. Objects 

with these out-of-sync signals are perceived as background, 

while front-and-center objects that reflect back both harmon-

ics with equal strength rise above their desynchronized com-

petitors. 

A 100-kHz bat call drops to 1/50,000 of its emitted inten-

sity 4–5 centimeters away. Bats separate their calls in fre-

quency and time to optimize echolocation, as well as varying 

the intensity and width of sonar waves, as ways of varying 

the locus of attention. 

Though the medium is sound, bats essentially see via ech-

olocation. In constructing mental images, bats account for 

Doppler shift: the change in wavelength because of relative 

movement.  

Echolocation is a physics-challenging adaptation but is 

the only possibility for night-flight hunting given the param-

eters of the prey. 

 

Sound is a tricky medium. Low frequencies travel farther, 

though lack the precision of shorter wavelengths.  

Male green tree frogs use a dual-frequency call. A female 

picks up the lower frequency at a distance. As she approaches 

the male, the higher frequency component kicks in. 
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Elevation helps. Cricket chirps from shrubs or trees 

travel 14 times farther than those sung from the ground, re-

sulting in a better female draw. Territorial bird songs are 

typically delivered from an elevated post, enhancing effective 

range. Territorial grassland birds, such as meadowlarks and 

pipits, deliver their declaratory pips on the fly. 

There is less attenuation of sound in water than air, 

partly because sound in water travels faster, and water is a 

more stable momentary medium. Hence many aquatic ani-

mals extensively communicate by sound. 

The benthos off Los Angeles is an acoustic cacophony: 

shrimp, lobsters, crabs, and fish snapping, rasping, hum-

ming, squeaking, and grunting. California mantis shrimp re-

side there on the ocean floor; burrow-dwellers in muddy 

water. Each shrimp has its own recognizable voice. By mus-

cle vibration, males sing in a 3-part low frequency harmonic 

rhythmic rumble to attract females to their lovely burrow, or 

to defend territory.  

Bird warning calls illustrate how precision can matter. 

The source of an alarm call should be difficult for the preda-

tor to locate. To achieve this, several facets apply.  

The call should gradually fade in and out. It should be a 

thin, pure tone, optimally pitched at a frequency determined 

by the distance between the predator's ears.  

For a mid-sized hawk or owl, 7 kilohertz makes it per-

fectly vexing for these birds of prey to locate the sound source. 

This matches the actual alarm call used by several small bird 

species to warn of an approaching aerial predator. Thus, prey 

alarms blend with the predator's own vocalizations, and so 

are not as distinctive as they would be if at a different fre-

quency.  

Whale songs can be heard for hundreds of miles, but dis-

tance is not everything. Whales are good listeners and adjust 

their singing to local conditions to optimize the quality of re-

ception, not just range.  

 Electrical  

Intracellular communication relies heavily upon electric 

charges. Nerve cells employ a combination of electrical and 
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chemical communication. The electrical portion is used for 

rapid, long-distance signaling, whereas the chemical is up-

close and intercellular. 

Little is known about electric field communication be-

tween organisms. Bacteria use electric currents to forage and 

communicate. Electric fish chat via electric fields. 

Bees acquire a positive charge of up to 200 volts as they 

fly through the air. Flowers emit weak negatively charged 

electric fields which an approaching bee can detect.  

When a bee lands on a flower, the floral field changes, al-

tering the electrical potential for several minutes. This lets 

another bee know that the flower has already been visited. 

Electric eels are powerful persuaders. They emit high-

voltage zaps through the water as a hunting probe. The elec-

tric shock causes involuntary muscle twitches in nearby prey, 

which reveals to the eel the prey's presence. 

Upon such a finding, an electric eel approaches and turns 

up the wattage. Within 3 milliseconds, the prey is stunned 

into joining the eel for supper, as the main course.  

Cuttlefish, squid, and octopi can consciously change their 

coloration in milliseconds, rapidly recloaking when facing 

danger. Cuttlefish can also freeze their movements, greatly 

reducing their ventilation rate and electrical output. This di-

minishes the risk of a shark being able to detect them. Sharks 

are sensitive to electric pulses at close range. 

 Chemical  

Communication via chemical means appears to be the oldest 
and most widespread mode of signaling among animals.  
~ American biologist Kevin Theis et al 

Chemistry is the universal language of life. Microbes earn 

their living as chemists. 

In contrast, conscious sense of smell in humans is slight 

compared to its unconscious perception. Conscious human 

communication is dominated by sight and sound, with the 

world becoming tangible via the sense of touch.  

For most species, chemo-communication is common, and 

is a communication channel notably well-developed in insects 

and mammals. Caste-bound eusocial ants maintain massive 
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colonies using sophisticated communication systems via ~20 

different pheromones.  

Just as 2 ears and 2 eyes aid perceptiveness in hearing 

and sight respectively, so too 2 nostrils afford keener olfac-

tion. Locating objects is much easier with stereo inputs, as 

differential in signal strength determines direction. 

Duration is one facet of chemical communication. Some 

chemical signals are designed to last only a short time. For 

that, volatile compounds with low molecular weight are em-

ployed.  

Ant pheromone alarms – to signal others of impending 

danger – are detectable only within 3–5 meters, and usually 

fade within a minute or less. If not so, it would be impossible 

to localize the threat. 

 Azteca Ants & Phorid Flies  

Short-lived ant alarms can create a cascade.  

Azteca instabiliscra are large forest ants that nest in the 

hollow trunks of trees. Nowadays they patrol coffee bushes; 

having hitched rides to inhabit every coffee-growing nation. 

Azteca ants enjoy a mutualistic relationship with the 

green scale, which feeds off plants, including coffee. The 

green scale's appetite for coffee plants earned them the name 

green coffee scale, and the enmity of coffee growers as a pest. 

Azteca ants protect the green scale from predators and 

parasites, though coffee growers are simply beyond control. 

The green scale provides payback by secreting a sticky, sweet 

honeydew for the ants. 

Lady beetles dine on green scales when they can get past 

bodyguard ants. Patrolling ants attack and kill adult beetles, 

as well as removing lady beetle eggs laid on ant-tended coffee 

plants. 

Azteca ants are afflicted by phorid flies; a family of tiny 

humpbacked flies that resemble fruit flies. The best-known 

phorid is the coffin fly: famed for a fondness for human 

corpses. The world teeniest fly is a 0.4 mm phorid. 

Phorids attack Azteca ants by laying eggs on the ant. 

When the eggs hatch, larvae make their way to the ant's 
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head, which feast on ant brain. The ant's head falls off when 

the adult flies emerge. 

Phorids stalk their prey by detecting Azteca on the move. 

Stationary ants are not a target. 

A phorid fly attack prompts an Azteca pheromone alarm, 

warning other workers in the vicinity. Nearby ants respond 

by becoming catatonic. Colony activity drops by at least 50% 

for up to 2 hours. 

Pregnant lady beetles detect the ant alarm scent and take 

advantage of the lull by laying their eggs at safe sites that 

offer plenty of food for their offspring. In contrast, as it af-

fords them no opportunity, male beetles do not care about Az-

teca ant calls, and so pay the calls no mind. 

 Nematodes & Fungi  

Nematodes are one of the most abundant animals in the 

world. Roundworms communicate with each other via ascar-

osides, which are small signaling pheromones. This is an ex-

tension of nematode intercellular communication, which also 

employs ascarosides.  

Nematodes are preyed upon by fungi, which build sticky 

webs to trap the worms. Building a web takes considerable 

effort. Fungi only rise to the occasion after eavesdropping on 

nearby worm talk, which signals that a catch may be made.  

 Moth Advertising  

Volatile scents are employed in patterning signals. Some 

moths advertise sex-attractant pheromones in single-second 

pulses. But most moth pheromones strike a compromise be-

tween ease of dispersal and persistence. A male moth may 

catch the scent of a female 4–5 kilometers downwind. It is a 

short-lived pheromone with excellent dispersal. 

Other chemical missives are meant to last. Moth territory 

markers tend to be persistent and carry a fairly high molec-

ular weight, but not so high as to not stay airborne.  

Hefty molecules are more difficult to synthesize, secret 

and spread. For moths, territory goes to those with stamina. 
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 Benthic Scents  

It's not safe at the bottom of the sea. Seaweeds and 

sponges that attach to the seabed manufacture toxins to keep 

from being fish food. To avoid being bit, they emit chemical 

signals to alert those that would otherwise be tempted. That 

is an opportunity for other potential fish prey to share the 

signal.  

Sea slugs are oceanic snails without shells. They have 

adapted to take advantage of the noxious benthic fodder, eat-

ing nothing but toxic seaweed and sequestering the toxins 

themselves.  

As the toxins serve as adequate protection, shells were no 

longer necessary. Several sea slug species also sequester the 

chloroplasts that power the seaweed, turning themselves into 

leaves that crawl.  

Fire coral are misnamed. They are colonial marine organ-

isms that look like coral but are more closely related to jelly-

fish and stinging anemones. Their fire is a nematocyte: a barb 

with chemical sting. Fire coral employ chemistry to get a bet-

ter, higher spot in the water column: chemically sensing an 

inferior competitor nearby, then selectively expanding to-

ward the competitor, and eventually overgrowing it. 

 

For many species, chemical communications play a sig-

nificant role in foraging for food, mating, and competitive in-

teractions. While birds employ plumage, many mammals use 

scent to similar ends. The difference owes to distance. 

Whereas birds most easily signal afar by line-of-sight, mam-

mals group in close proximity. 

Most animals possess multiple modalities for communi-

cating. The chosen form varies by immediate context. Mam-

mals employ sight and hearing for messages to distant 

places, scent closer in, and tactile communication as the most 

intimate. 
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As a social vehicle, chemistry is not just a communica-

tions medium. Chemical defense is common among all forms 

of life. 

 Stimuli   

Communication is only successful when the intended 

message is received. Most receptions straightforwardly 

match the signal sent. But how a message comes across can 

be quite different from the intent of the sender. Sometimes it 

is a case of bait-and-switch, or switch-from-being-bait. 

A male jumping spider first attracts the attention of a fe-

male not by looks, but how well he moves like food. A male's 

best sparking way is to mimic tasty prey. A successful spi-

der's mating dance is an elaborate display: scraping sounds 

and buzzes, with an occasional rhythmic thump from the spi-

der's abdomen slapping the ground. Once a male has cajoled 

a female to come close, he changes his act: from potential prey 

to potential mate. 

Water mites are ambush predators: they lie in wait with 

their front legs in the air; a net stance to enhance the chance 

of grabbing a passing crustacean. As a mating prelude, a 

male approaches a female while vibrating his legs at 15 Hz: 

within the range of a crunchy copepod crustacean. A female 

grabs a vibrating male as she would a prey. The male, larger 

than any meal, is unhurt. As he starts spewing spermato-

phores nearby, the female realizes what is going on. She 

switches to sexual behavior and plucks a spermatophore for 

insemination. 

A male Oriental fruit moth also fools a female by imitat-

ing food, but here the signal is scent. A male first finds a fe-

male by her scent, but when close by, he wafts his own, which 

includes a pheromone that is also found in fermented fruit 

juices, which is the beverage of choice for Oriental fruit moths 

everywhere.  

These examples of preliminary mating signals are com-

munication substitution: signaling in a way that relies upon 

a strong disposition to pre-existing reception. The first rule 

of advertising is to get attention. 



36 Spokes 2: The Web of Life  

 Noise   

Noise is a problem for all that encounter it. Whales sub-

ject to noise from ships are impaired in their communication.  

In a long-running demonstration that "military intelli-

gence" is an oxymoron, the US Navy has blasted the seas for 

decades with sonar assaults that discombobulate and kill ma-

rine mammals. Taken to court for the senseless killing, the 

American Supreme Court saw no problem with it.  

Bird chicks in a noisy habitat are less likely to survive. 

The continual stress can be fatal. 

Urban birds alter their songs and calls to be heard over 

traffic. Similarly, insects adjust their sound signals to sur-

mount the sonic assault of city slickers.  

A common technique to overcome noise is repetition. 

Many animals repeat calls in rapid succession. This helps the 

receiver confirm what it thought it heard. 

Even cells are subject to noise. Living in tissue can be 

near-constant cacophony, so cells tune out distracting chatter 

to concentrate on the chemical communiqués that matter. 

They shift the molecular mix of signals to improve the odds 

of reception. When cells replicate, they pass their successful 

techniques on to the next generation. 

 Evolution   

Communication is an adaptive dance, its form evolving 

based upon antecedent employment. A natural tendency is 

reuse, modifying from an existing mechanism. Mating sig-

nals of water mites and fruit moths are recycles of a signal 

even stronger than the urge to reproduce: the need to eat. 

A receiving channel must exist for a sending signal to 

have any chance. Receptiveness readies the prospect and 

practically dictates the type of signal used for communica-

tion. 

 Moths  

Saturniid moths can't hear. Down the evolutionary pike 

one stop, whistling moths hear well enough. The adaptation 

arose from a change in lifestyle. 
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Saturniid moths have the same receptors as whistling 

moths but they use them to align of body parts, to help adjust 

the moth's spatial positioning.  

There is a slight thinning of the cuticle over the receptors 

that changes the appreciation of internal vibrations in satur-

niid moths to the ability to hear in whistling moths. Male 

whistling moths rub their knobbed wings together to make a 

racket of loud ultrasonic pulses. Whistling moths use such 

signals to stake territory and attract females. 

 

The facility for dialogue rests upon a shared syntax: the 

patterning by which communication elements are under-

stood. The physical and mental structures used for conspe-

cific communication are innate. For example, humans are 

born with the basic syntactical knowledge upon which all 

their languages are based. 

 Mangrove Snapper  

The mangrove snapper is a fish native to the western At-

lantic Ocean. Throughout their lives, snapper use calls to 

keep their schools together. 

Snapper life begins in open water. Sperm and eggs are 

broadcast in proximity. The fish are born adrift. Centimeter-

long larvae are neither helpless nor witless. They growl and 

produce percussive knocks that let others know of their pres-

ence. This helps them traverse the ocean at night together. 

 Spotted Hyena  

Hyenas are fierce carnivores. If 

the numbers are in their favor, they 

will steal a wildebeest kill right un-

der the noses of a lion pride enjoying 

their victory feast.  

Hyenas exhibit sexual dimorphism: an innate size differ-

ence between male and female. Whereas spotted hyena males 

are smaller than females, males in other hyena species are 

larger. 
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Hyenas are quite social, though with a strict clan hierar-

chy befitting their ferocity. Spotted hyena clan size varies but 

may number up to 80. 

Even the lowest-ranking spotted hyena females rank 

above the alpha males. Spotted hyena females not only keep 

males in their place, they compete intensely among them-

selves for status. With social dominance comes feeding and 

breeding privileges that confer dramatic gains in reproduc-

tive success. 

Alpha females always hunt within clan territory. If the 

pickings are slim, subordinate females may have to travel 

outside home hunting grounds for a meal; a risky endeavor. 

The offspring of top females grow faster and are more 

likely to survive than subordinate hyenas. This puts them on 

track for dominance in the next generation. 

Penises are quite something as a social signal. Spotted 

hyenas prefer sniffing a penis, even taking a lick upon occa-

sion, to the more mundane whiffing of anal glands common 

among other mammal species, such as dogs and cats, to 

which the hyena is a distant relation.  

Spotted hyena attention to penises applies to both gen-

ders. Spotted hyena females have pseudo-penises, which are 

much like male penises in look and behavior. An erect 

pseudo-penis is used between females to say hello, as it is 

with males.  

The female pseudo-penis is fully functional: used for uri-

nation and copulation. The female pseudo-penis precludes 

the possibility of rape, as well as making mating more labo-

rious for males. 

Some other species, including the squirrel monkey, 

lemur, and bearcat, have pseudo-penises. Elongated labia oc-

casionally appear in humans. 

The biological cost of the pseudo-penis is considerable. 

The birth canal extends through the pseudo-penis, constrict-

ing the canal such that birth delivery (parturition), particu-

larly of first-borns, often leads to fatal complications for both 

mother and pup. After parturition, the pseudo-penis is 

stretched out of shape, alleviating much of the danger of the 

next pup birth. 
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The microbiotic bacteria that live in hyenas make a pun-

gent paste – hyena butter – in pouches situated next to a hy-

ena's anus. Butter quality is variable; an ideal honest signal. 

Hyenas dab spots of the smelly paste on grass, giving con-

specifics a wealth of information. Besides telling the time of 

the visit, hyena butter gives a medical status report, includ-

ing sexual receptivity. As part of the butter, the microbes 

that once lived in hyenas are now on diplomatic duty, talking 

on behalf of their erstwhile host. 

Scent posts are bulletin boards, pastes are business cards, and 
bacteria are the ink, shaped into letters and words that provide 
information about the paster to the boards' visitors. Without the 
ink, there is potentially just a board of blank, uninformative 
cards. ~ Kevin Theis 

 Coinciding Interests  

Communication is the reason cooperation occurs. ~ Flemish 
microbiologist Christoph Adami 

The form of communication varies depending on the rela-

tion between sender and receiver. With coinciding interests 

comes sotto voce communication: soft signals, sometimes so 

inconspicuous as to be sharing a secret. Communication of 

convergence is seldom energetic. 

The communication of potential conflict is typically of an 

entirely different nature: energetic, boisterous displays, 

sometimes leading to violence. But sometimes communica-

tion of conflicting interests comes down to a simple display. 

When chased by a potential predator, 

gazelles and other ungulates stot to show 

their strength. A stot is a certain gait of 

quadrupeds that involves jumping into 

the air.  

Stotting is an advertisement of 

health. It slows an animal down from its 

regular running stride, and thus poten-

tially increases the odds of being caught, but it honestly sig-

nals that an animal is strong.  
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Stotting works. Gazelle hunters, such as African wild 

dogs and cheetahs, discriminate based on stotting rate, con-

centrating on spotty stotters who may be more easily caught. 

 

African wild dogs are especially savvy predators. They 

hunt in packs, using vocalizations for ad-hoc coordination. 

This lets them bring down larger and faster prey than they 

could otherwise. 

The cheetah is known for its speed, but it does not just 

rely upon quickness to run down its prey. Cheetahs antici-

pate the escape tactics of their specific quarry. Agility is as 

important as speed in bringing prey down.  

While the cheetah is absolutely the fastest land animal, 

the animal quickest in relative terms is the tiny mite Para-

tarsotomus smacropalpis (0.5 mm), which can move 322 body 

lengths per second compared to the cheetah's measly 16.  

 Feeding Offspring  

Many species care for their young to considerable effort. 

Conflicts commonly arise in a family over resources.  

Each offspring demands food at the expense of its sib-

lings. Parents decide how to allocate limited food by deter-

mining which offspring are in greatest need. 

There are numerous begging signals in various species. 

Therein lies an opportunity for deception: a youngling may 

signal a greater hunger than it really has. Nature sometimes 

does not permit such deceit. 

Young canaries have a conspicuous and honest begging 

signal: a mouth gape with a red lining; the red lining from a 

suffusion of blood near the surface. A parent puts food in the 

reddest mouth it can find among its young.  

When a chick has eaten, its mouth lining pales, as blood 

is transferred to aid digestion. So, redness of mouth is an hon-

est signal of hunger. Canary parents that allocate food on 

that signal have the best chance of rearing the most chicks. 
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 Recognition  

Relationships between organisms require that individu-

als recognize one another. Such recognition is common even 

in early-evolved life.  

At the cellular level, viruses know exactly where they are 

going. Among the variety of cell types, a virus recognizes its 

specific target. A virus makes its way via discrete inquiries 

with other cell types. 

Plants recognize siblings with whom they share soil.  

Social animals have especial need to recognize one an-

other. Individuals are important where relationships exist 

for any duration, especially in any community with a social 

hierarchy. 

The dark paper wasp, native to North America, is best 

known for making its paper nests below the roofs of houses 

(or in trees or foliage). A female founds her own colony. She's 

no good at recognizing faces.  

But her close cousin – the golden paper wasp – is. Goldie 

females form group colonies: building a joint nest and laying 

eggs there. Clustering queens squabble and determine a 

dominance hierarchy. So, it comes as no surprise that golden 

paper wasps, and other social wasps, remember and recog-

nize individual faces; even human faces. While rigid exoskel-

etons disallow facial expressions, wasp heads do have 

different shapes, sizes, and features. 

Birds recognize one another. Among a colony that can 

number up to half a million members, mated penguin part-

ners find each other. 

Ravens not only recognize each other, they long remem-

ber their affinity in individual relationships, even after being 

separated for years.  

Practically all social mammals recognize each other indi-

vidually. How they do so is sometimes surprising. Bats rec-

ognize one another by their echolocation calls, which have 

signature individuality.  

 Kinship  

Kinship is a basic organizing principle of all societies.  
~ American biologists David Pfennig & Paul Sherman 
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Sociality begins with family. All kinds of plants and ani-

mals know their kin. 

Plants typically grow faster in the presence of relations 

than among strangers. Chemical cues released by roots let 

relatives recognize one another. 

Almost all animals know their relations. Sea squirts lack 

an identifiable brain but know when they encounter kin. 

Western toad tadpoles school with siblings. They also 

know the smell of their natal home.  

 Sage Rats  

The sage rat is a ground squirrel that 

lives in the mountains of the western 

United States. Adult males are nomadic. 

The ladies run a nepotistic society. Fe-

males can tell a sister from a half-sister by their individual 

funky fumes. The level of cooperation one female might ex-

pect from another depends upon how closely related they are.  

 

Recognizing relatives is an essential aspect of sexual re-

production, the point of which is to engender genetic diver-

sity, to raise the probability that some individuals survive 

when others in a population may not. When it comes to sex, 

kin recognition prevents inbreeding, which is a biological ta-

boo of both plants and animals. 

Sociality presents a different context. Being conscious of 

clan cultures camaraderie. Shared heredity give rise to com-

mon cause. The basis for cooperative behaviors of every kind 

come from kin recognition. 

It is a tiny leap in the mind of an organism to translate 

biology into the broader frame of association called attrac-

tion. Kinship is only one side of the coin of comity.  

The flip side is mating. Promoting genetic diversity re-

quires accepting outsiders and making them family, for at 

least some duration.  

Hence, all sociality has a genetic genesis which translates 

into innate behaviors and mental constructs. From coopera-

tion to war, biology brackets all social expressions. 
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 Status Sniff  

Many mammals, including dogs, rats, and cats, sniff each 

other out when they meet. For rodents at least, sniffing in-

tensity signals social status.  

Subordinates stifle sniffing in the face of a dominant ro-

dent or risk its wrath. Snuffing sniffing is an appeasement 

signal. Such sniffing has nothing to do with smell. Instead, 

the behavior itself signals subordination. 

 

Coinciding interests can sometimes be quite smelly, and 

costly. Lacking a way to get around, yeast need a ride. To 

grab a cab, brewer's yeast produce fruity aromas that attract 

fruit flies. Alas, the ticket to ride is a sacrifice gambit. Some 

yeast become lunch. But enough get attached to these no-

madic flies and survive to travel to the ripe and rotting fruit 

that both yeast and fly prefer. 

 Audience Effect   

Many animals live in a communication network, an environ-
ment where individuals can obtain information about competi-
tors or potential mates by observing interactions between 
conspecifics. In such an environment, interactants might benefit 
by changing their signaling behaviour in the presence of an au-
dience. ~ French ethologist Davy Ung et al 

For social animals, eavesdropping provides valuable in-

formation about conspecifics. Many animals behave differ-

ently when they know they are being watched. This is the 

audience effect. 

Male vervet monkeys, especially subordinate males, alter 

their behavior toward infants depending upon the perceived 

presence or absence of the mother. Correspondingly, a moth-

er's attitude is affected by a male's behavior toward her in-

fant, and his social status. 

Fornicating female chimps modulate their cries of enjoy-

ment depending upon who may be listening. Subordinates 

particularly pipe down if a higher-ranking female may be 

within earshot.  
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Adroitness commonly determines a male's mating pro-

spects. Field crickets and guppies become more aggressive in 

male-male competitions when a female is present.  

Siamese fighting fish are territorial, and naturally ag-

gressive – both male and female. They try to intimidate one 

another by flaring their gill covers to appear more impres-

sive. Both sexes establish respective dominance hierarchies 

in their communities. In doing so, some fighting is spared by 

fish spectating conflicts between conspecifics. An observer 

can tell rivals' skills, and its own chances, by watching com-

batants, and then act accordingly. Male-male contests set 

both social status and mating chances. Females watch com-

batants and flirt with the winners.  

Nightingales are known for the beauty of their powerfully 

sung songs. These tunes are advertisements of prowess, for 

both mating and dominance among these territorial birds. 

Dyadic contests are common, with one bird overlapping the 

song of another. While the rivalry is intended to affect an ad-

versary, such performances also influence the future interac-

tions of conspecifics who eavesdrop on competitive concerts.  

Canaries are socially monogamous but engage in extra-

pair copulations if the opportunity arises. Females eavesdrop 

on vocal and physical contests between males and use that 

information to direct their sexual behaviors. A female who 

sees her mate fare poorly in a contest with another male is 

more given to sex with males other than her mate; discreetly, 

of course.  

Male canaries adjust their behaviors based upon who is 

watching, and what their social bond is with the onlooker. A 

male will not flirt with another female if his wife might see 

him do so. Similarly, male canaries adjust their agonistic an-

tics toward each other depending upon the audience.  

 Honesty   

Honesty is the best policy. ~ English Anglican bishop Edwin 
Sandys 

Combat between contestants for territory or mating 

rights is seldom fatal, and frequently not even physical. Rit-

ualized threat displays commonly settle a matter.  
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When dominance determination does get physical, it is of-

ten brief and without severe injury. In sparing substantial 

wear and tear, such assessments are biological efficiencies. 

To fight and conquer in all your battles is not supreme excel-
lence. Supreme excellence consists in breaking the enemy's re-
sistance without fighting. ~ Chinese military general, strategist, 
and philosopher Sun Tzu in The Art of War (6th century BCE) 

 Roaring Deer  

Male red deer contend for female mating privilege, begin-

ning with loud roars as an indication of fighting ability. Once 

out-called, a stag will sometimes withdraw without further 

ado. If not, roaring escalates, increasingly faster and fiercer. 

If one is not out-roared, fighting is likely.  

Roaring is an honest indicator of power. Only a healthy, 

powerful buck can sustain a rage of roaring. Several deer spe-

cies rely upon this same mating mechanism.  

If roaring doesn't end a red deer contest, push comes to 

shove. Male red deer lock horns and push each other a bit, 

whereupon one concedes defeat. 

 Antlers & Horns  

Reindeer stags have magnificent antlers, topped only by 

moose in splendor. Ostensibly the antlers of reindeer and 

moose afford battle weapons for mating. Only rarely do the 

antlers actually encounter combat, and then for but the brief-

est spar, antler to antler.  

Most often 2 males assess each other's antlers. The 2 

never touch. The one with the inferior headdress declines 

battle. Which is to say that a moose or reindeer has a mental 

image of how his antlers compare to another. How such self-

assessment is made is not known. 

Australian antlered flies confront each other head to head 

for determination of rank. The fly with the ample antlers al-

most always wins. 

Rhinoceros beetles wield a forked horn on their heads. 

Horn size is highly variable: ranging from itty bitty bumps to 

a horn o' plenty that runs 2/3rds the length of a male's body. 
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In any mating contest, the male with the bigger horn gets to 

mate. 

 Positive Polarization  

The vivid plumage of a peacock seduces a peafowl to mate 

with him. The wondrous sight owes largely to polarized 

light.* Such splendor cannot be faked. 

Nor with swordtail fish. Female swordtails have a de-

cided preference for males with certain polarized patterns on 

their bodies. The more polarization a male swordtail has, the 

better its mating prospects. 

Similarly, jeweled beetles shimmer via iridescence on 

their elytra (hardened forewings). Females find the appeal of 

polarization irresistible. 

 Bull Elephant Seals  

Only dominant bull elephant seals have the privilege of 

breeding. A contender bellows for a shot at the title. A domi-

nant bull answers back with a roar.  

That may be enough persuasion. If not, a body slam or 2 

settles the bout for a subordinate looking to step up for sex. 

The subordinate lumbers off down the beach as fast as it can, 

the victor bellowing in noisy but harmless pursuit, mostly as 

advertisement for other younger bulls with the same idea. 

A dominant bull being displaced takes more persuasion. 

Contests resulting in overthrow get bloody and can even be 

fatal for a loser. Denial is the longest river. 

 Toad Croaks  

European toads compete for receptive females. A male 

may try to pull off another male already mounted on a fe-

male. The male in the act instantly gives a croak of objection. 

The lower the croak, the tougher the toad. A higher-

pitched usurper immediately knows the score and hops away. 

 
* The iridescent optics of peacock feathers is not the only allure. 

Peacocks quiver their tails during mating season, emitting low 

frequency sonics which appeal to peafowl. 
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Only if the interloping toad can get down with a lower croak 

does further hostility ensue. 

Amphibians grow their entire lives. Their sounds lower 

with girth. Hence, toad croak pitch is itself an honest signal, 

as it is entirely a matter of biophysics. A toad can't fake his 

croak. 

 Cricket Song  

Crickets face the same situation as European toads. Fe-

males prefer large males, as they are better providers. 

After the Sun goes down, male crickets rub their wings 

together to sing their laments for love. Larger males sound 

romantically forlorn at a lower tone and are more likely to 

find love.  

 Lizard Flashes and Dances  

During mating season, male veiled chameleons signal 

their aggressive intentions and fighting prowess by adjusting 

the brightness of their skin. Individuals with bright stripes 

are most likely to charge. Once in combat, those whose heads 

most quickly brighten are likely to win a bout.  

Male side-blotched lizards establish territories where 

they consort with one or more females. When challenged, 

males perform aerobic displays to each other. The duration 

of display accurately reflects a male's physiological state and 

determines the winner. 

 Hyrax Songs  

Hyraxes are thickset rodent-like 

creatures, 30–70 cm long and 2–5 kg. 

As early English biblical translators 

did not know of hyraxes, they are re-

ferred to in The Bible as coneys, a term 

usually applied to rabbits. Hyraxes are 

closely related to elephants. 

As a courtship ritual, male hyraxes sing to potential ma-

tes. Their songs consist of a series of various sounds: wails, 

snorts, and chucks. Hyrax songs are a musical curriculum vi-

tae.  
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Wails indicate weight. The more wails, the heftier the 

singer. Chucks communicate body size (length, head diame-

ter) and stress level. A series of snorts inform about social 

dominance, condition of the pelt, and quality of certain male 

hormones. 

These fitness signals cannot be counterfeited. Thus, fe-

male hyraxes are sung a reliable précis of the strengths and 

weaknesses of each of their potential mates. 

 

It is widely accepted that a sexual ornament can reveal quality 
because of the challenges associated with producing or bearing 
such traits. ~ Innes Cuthill et al 

Animals horns and other traits of male dominance reflect 

fitness: good genes naturally, but more particularly the qual-

ity of early development, notably nutrition. Any developmen-

tal mechanism with hormonal sensitivity is reflected in the 

variable traits which demonstrate fitness. Hence, biological 

efficiency translates into honest communication by way of de-

velopmental physiology. Some things can't be faked. Animal 

virility is one of those things.  

Through honest communication many animals quickly 

gain accurate information about the fighting ability of an op-

ponent, make a probabilistic determination, and terminate 

encounters they cannot win. Likewise for sexual selection, 

where honest signaling conveys economy of effort in choosing 

a mate. 

 Deception   

Honesty may be the best policy, but it's important to remem-
ber that apparently, by elimination, dishonesty is the 2nd-best 
policy. ~ American comedian George Carlin 

Every organism, and every facet of its functioning, 

evolves toward optimization. Efficiency comes from making 

the best use of limited resources. A wondrous aspect of biol-

ogy is its high degree of coherency. 

The flip side of efficiency goes beyond making the most of 

something: getting something for nothing. Deception is the 

means. 
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Deception is a very deep feature of life. It occurs at all levels 
– from gene to cell to individual to group – and it seems, by any 
and all means, necessary. ~ American evolutionary biologist 
Robert Trivers 

Viruses are masters of disguise. Among other stratagems, 

they coat themselves in proteins of the host they hope to in-

fect to go undetected. 

Proteins stick to the viral surface, forming a protein corona. 
The virus remains unchanged on the genetic level. It just ac-
quires different identities by accumulating different protein co-
ronae on its surface depending on its environment. This makes 
it possible for the virus to use extracellular host factors for its 
benefit. ~ Swedish molecular biologist Kariem Ezzat 

The most benign deception is to be left alone. Camouflage 

and mimicry commonly evolve to that end. 

Defensive deception may extend to suggestive subterfuge. 

An animal approached by a killer may try to defend itself by 

giving its attacker a fright. Startling a predator makes it 

pause, at least allowing the prey a chance to escape, if the 

shock alone is not enough to dissuade. Some caterpillars star-

tle their attackers by raising themselves up like small 

snakes. 

The key to instilling horror is suddenness. Nothing grad-

ual startles anything.  

The most common spook is a sudden show of a large pair 

of eyes. Animals generally judge body size by the size of the 

eyes. The abrupt appearance of prodigious peepers provokes 

doubt. Some reptiles and birds sport outsized false eyes that 

they flash to make a potential attacker hesitate. 

If shock is not an option, there is another way to make 

oneself unappetizing: death. 

Vine weevils under duress tuck their legs under their bar-

rel-shaped bodies, then roll onto their backs. These flightless, 

ponderous walkers have few viable alternatives to playing 

dead when threatened. The weevil wheeze often deters fur-

ther interest from potential predators who prefer their 

snacks still kicking. 
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More manipulative are work-saving devices, where re-

ceivers get duped into acting against their own self-interests. 

Rubes often become dinner. 

An anglerfish has a fleshy filament protruding from the 

front of its head that acts as deceptive advertising. Small fish 

that snap at an anglerfish's lure get eaten. A deep-sea squid 

with a lure at the end of a long tentacle practices the same 

trick.  

Margays are arboreal cats native to the Americas. They 

sometimes imitate the calls of various prey, such as tama-

rins, to lure them to dinner. 

Certain species of Photurus female fireflies have 2 ways 

of flashing their lights. One pattern attracts males of her spe-

cies for mating. The other mimics the flash of a smaller firefly 

belonging to the Photinus genus. A Photinus male answering 

the call of a Photorus female turns the amorous male into a 

meal: the firefly femme fatale kills and consumes him. 

Sometimes females have had enough of males and just 

want to be left alone. Once her eggs have been fertilized, fe-

male Mooreland hawker dragonflies avoid further male en-

counters by feigning death. With good reason. Male hawker 

dragonflies don't give up trying to mate, nor are they any help 

in protecting eggs. What's more, they can pull sperm from 

prior inseminations by other males out of a female's repro-

ductive tract with their penises; a procedure fraught with 

health risk for the female. 

Some ant queens are consummate percussionists. 

Equipped with unique, tiny, ridged organs, they stridulate 

royal fanfares that keep workers in line. Parasitic butterfly 

larvae residing in the colony precisely imitate a queen's 

drumbeats – an act of musical piracy that induces worker 

ants to regurgitate food right into the parasites' mouths. 

 

The botanical kingdom is rife with beguilement. 5% of 

flowering plants entice pollinators via various ruses. Others 

deceptively attract insects for their own consumption. 

Carrion flowers, which smell of rotten meat, attract scav-

enging beetles and flies, which it then slathers with pollen.  
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Passion vines, beloved by some butterflies as food for 

their caterpillars, have yellow spots on their leaves that look 

as if eggs had been laid by a gravid female. This puts the but-

terflies off from laying their own eggs, as they suppose there 

will be too many larvae for the plant to feed. 

Numerous carnivorous plants lure insects with sweet 

odors, only to devour them. 

 Walk Like an Ant  

Ants are aggressive in defending themselves: well-armed 

with bites, stings, and acids. Little jumping spiders – not so 

much. Under duress, all a tiny spider can do is flee as fast as 

it can, which may not be enough to avoid becoming a snack. 

So, some jumping spiders walk like ants: using all 8 legs, but 

frequently pausing to raise their forelegs and mimic ant an-

tennae. All a potential predator sees is 6-legged trouble; not 

the spider it's looking for. 

 Backstabbing Butterfly  

The Peruvian metalmark butterfly 

plays the long con on its hosts.* As a cater-

pillar, the butterfly cooperates with ants, 

winning them over with sugary secretions. 

In return, the ants defend the caterpillar 

from predators. 

When the caterpillar becomes a butterfly, it turns on its 

protectors: plundering the ants' carefully tended nectar sup-

ply, which is harvested from bamboo shoots that pay for pro-

tection with sweets. 

Ants usually fiercely defend their favored food source. 

The metalmark butterfly, which smells like its benevolent 

younger self, is an exception. The duped ants get nothing in 

return.  

 

 
* The metalmark attribution refers to small metallic-looking spots 

commonly found on the wings of these mostly Neotropical butter-

flies. 
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 Bird Orders  

Although there are 24 avian orders, birds are commonly 

bifurcated into passerines and non-passerines. Passerines 

constitute more than half of all bird species. Sparrows, 

wrens, finches, and tits are passerines. The cerebral star of 

the passerines are corvids: savvy crows, ravens, and jays. 

Passerines are sometimes referred to as perching birds, 

or, less accurately, songbirds, as songbirds are a passerine 

suborder. The name passerine derives from the scientific 

name for the house sparrow, Passer domesticus.  

Examples of non-passerines include flamingos, fowl, 

doves and pigeons, birds of prey (hawks, eagles, falcons, 

owls), swifts and hummingbirds, water & sea birds (pelicans, 

storks, petrels, gulls, waterfowl, loons, penguins), woodpeck-

ers, and parrots. 

 

A large minority of cuckoos practice brood parasitism: 

passing their own eggs off on another species to raise. While 

nonparasitic cuckoos lay white eggs, like most non-passer-

ines, many parasitic cuckoos lay colored eggs that match 

those of their passerine hosts. Matching eggs is an ongoing 

challenge for brood parasites as victims adapt via egg 

changes and enhanced forgery detection, much like govern-

ments do to protect against counterfeit currency. 

 

Deception descends to the molecular level. Pathogenic mi-

crobes mimic host functions to exploit cellular machinery and 

evade immune defenses. For one, viruses steal genes from 

their host and then, like filching a key to a lock, encode host 

proteins that let a virus in, and then put a target cell to work 

for its own nefarious intent. 

Pathogens are often masters of deception. In plants, a 

pathogen's first ploy is to deploy virulence effectors to disable 

host defense. Potential victims defeat these effectors with 

proteins that guard effector targets. Pathogens that have 

caught on to this produce proteins which mimic protein 
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guards, and instead act to effect virulence. This ruse has a 

victim put its guard down while being invaded. 

We are never deceived; we deceive ourselves. ~ German 

politician Johann Wolfgang von Goethe  

Deception is a common tactic both among conspecifics, 

and between species, particularly predators and prey. Inter-

species' deception communication often becomes a coevolu-

tionary spiral: where a deceiver becomes increasingly caught 

out as the predator wises up, ratcheting the quality of decep-

tion to another level. 

 Wintergreen Oil  

 Wintergreen oil is an organic ester made by many plants, 

particularly wintergreens, as an anti-herbivore defense. Cit-

rus tree leaves produce wintergreen oil when damaged as a 

warning to relatives. The jumping plant louse hones in on the 

scent of wintergreen oil from citrus trees, whose sap is the 

only food of its young offspring. 

Liberibacter bacteria infect citrus trees. They hijack plant 

scent production, forcing the release of wintergreen oil to 

mimic an attack by plant lice.  

The jumping plant lice that fly to the source are duped: 

they will not find much food there, as the bacteria have dras-

tically lowered the nutritional quality of infected leaves.  

This is a trick that forces the lice to seek another tree, 

this time carrying the bacteria who have hitched a ride. Thus, 

the bacterial infection spreads to other citrus trees, where it 

causes the deadly citrus greening disease. 

The wasp Tamarixia radiata lays its eggs on young plant 

lice so that its larvae can feed on the lice. The wasp finds its 

prey by eavesdropping on the odor exchanged between bacte-

ria, trees, and lice. 

Hence, wintergreen oil is a scent of deceit, shared among 

plants, bacteria, lice, and wasps, with the plants and lice pay-

ing the price. 
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 Camouflage  
Many animals that suffer predation have adaptively 

adopted camouflage that allows them to hide in plain sight. 

To be most effective, an animal must mentally match itself to 

its background; a feat which seems highly unlikely, as it 

would require that the animal know what its body looks like, 

and how it fits into the landscape. Yet that is exactly what 

animals seeking cover do. 

Animals select backgrounds or positions to improve conceal-
ment. ~ English zoologist Martin Stevens et al 

How animals could possibly have this fantastic cognitive 

ability is a mystery. 

 Fish Scales  

Open-ocean fish have silvery scales for skin that reflect 

light from above such that the reflected intensity is similar 

to the background intensity, rendering a fish invisible when 

looking up, as a predator would; except, many fish can detect 

polarization – the directional vibration of light waves.  

If fish scales acted as simple mirrors, they would impart 

a polarization signature to the reflected light much different 

from the more random polarization of the background light 

field. This signature would be apparent to a predator able to 

discriminate polarization. But fish scales scatter polariza-

tion, making the camouflage complete. Hence, fish scales ren-

der predation a more demanding task. Camouflage via 

properly polarized fish scales is an amazing evolutionary feat 

of molecular fine-tuning. 

 Alternate Concealments  

Animals in the lower mesopelagic zone (600–1,000 meters 
depth) of the oceans have converged on 2 major strategies for 
camouflage: transparency and red or black pigmentation.  
~ American biologist Sarah Zielinski & Sönke Johnsen 

Hiding in the ocean depths is not as easy as it might seem. 

Cephalopods illustrate the camouflage conundrum. 

Some of their predators, like hatchet fish, hunt by diving 

deep and looking up for silhouettes of potential food. To avoid 
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being seen, it helps to be transparent and so not cast a 

shadow.  

Other predators, like deep-sea dragonfish, patrol using 

bioluminescent searchlights that reflect off clear flesh. In the 

presence of these glowing adversaries it's safer to be as dark 

as the surrounding water. 

The common clubhook squid (right) and 

the Japetella octopus (below right) inde-

pendently evolved a nifty solution to this di-

lemma: instantly switch disguise. 

To alternate camouflage, the 2 cephalo-

pods have distributed sacs of black pigment 

which they can twitch-switch. When it's 

dark and the cephalopods want to be 

transparent, the sacs form compact 

spheres, letting the creatures' glassy 

flesh show. When a light appears, the 

sacs flatten and stretch toward one an-

other, shrouding the cephalopods in 

pigment. 

In less than a second, it's on and off. ~ Sarah Zielinski 

 Looking Dangerous  

Many moths and butterflies have coloration patterns that 

act as camouflage. As insectivorous birds have caught on, ad-

aptation has furthered the camouflage cycle. 

Small birds panic at the sight of predatory birds, many of 

which, especially hawks and owls, possess large, prominent 

eyes.  

Automeris coresus is a moth that lives its larval stage dis-

guised as a spiny plant. This is only its first disguise. An 

adult has cryptically colored forewings which blend into the 

terrain when the moth is settled.  

Disturb a sitting moth and it will flash open its forewings 

to show its hindwings, which display eyespots. An agitated 

moth draws in its legs and rhythmically rocks, producing a 

startling effect that frightens small birds.  
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The Brazilian owl butterfly has an 

even closer proximity to owl eyes, includ-

ing white flecks in an arc, exceedingly like 

a glint of light made by reflection of an 

owl eye. Hungry little songbirds are too 

spooked to try to take a bite out of the owl 

butterfly. 

 Mocking Weevils  

Animals with bright colors are often a warning of inedi-

bility to potential predators. Sometimes, as a ruse, perfectly 

tasty creatures look like those who don't make a decent meal. 

English entomologist Henry Walter Bates called such deceiv-

ers "mockers." 

English naturalist Alfred Russel Wallace contemplated 

evolution at the same time Charles Darwin did. The two pub-

lished their musings on natural selection contemporane-

ously.  

Among his extensive fieldwork, Wallace avidly 

collected insects. The beautifully colored Pach-

yrhynchus weevils of eastern Asia and Australia 

were in Wallace's collection.  

Wallace considered these beetles hazardous: 

not because they were poisonous, but because their body ar-

mor would be impossible for predators to chew.* And so they 

are. A bite of this beetle by a bird is enough to spit the bug 

out like it was a stone. 

Only the adults are tough as nails. Young weevils are 

quite digestible. Their shells only toughen after 2 months. 

Hence, juvenile Pachyrhynchus are mockers of their future 

selves. 

 
* Wallace found this out firsthand when he tried to pin Pachyrhyn-

chus weevils to one of his collection boards. Unable to do so, Wal-

lace had to resort to a drill for the chore. 150 years after Wallace 

proposed Pachyrhynchus as bite-proof, researchers confirmed 

that these weevils were not in the least toxic. 
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 The Scent of Food  

For many animals, vision is less important than their sense of 
smell. Because predators often rely on odors to find their prey, 
even visually camouflaged animals may stick out like a sore 
thumb if they smell strongly of "food." ~ Australian marine bi-
ologist Rohan Brooker 

Orange-spotted filefish exclusively feed on a specific 

coral. The coral is not just chow. Filefish absorb the coral's 

chemical composition and thereby smell like their food. The 

chemical crypsis is good enough to fool predators on the reef 

which rely upon scent as well as sight to suss their prey. 

 

One issue of deception goes to intent. Evolution may re-

sult in coloration where the wearer puts forth no effort for 

the advantage. Phenotype alone may be the complete deceit. 

But in many instances, behaviors enhance the deceptive look. 

Many deceptions involve cunning. Ground-nesting birds, 

such as plovers, will lure a predator away from their nest by 

feigning a broken wing. In doing so, they monitor a predator, 

such as fox, to see whether the ruse works: whether the fox 

is following the bird, or still heading to the nest. Foxes may 

learn to see through such a ruse and suspect that they are 

being led away from edible eggs or chicks. 

Another distraction display is the "rodent run." Shore-

birds lure a predator away from their nest by running rapidly 

in a low crouch that appeals to the mouse-catching instincts 

of mammalian carnivores. Once the danger is passed, the 

bird sneaks back to its nest. 

Some fly-catching birds hunt in groups of mixed species, 

giving alarm calls at the approach of a bird-eating hawk. Fly-

catchers feed on insects flushed out by the flock. A flycatcher 

will sometimes intentionally raise a false alarm to distract 

other birds, thereby enhancing its own chance of finding fare.  
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 Drongos  

Drongos are exceedingly deceptive; their vocabularies are 
immense; and they match their deception to both the target an-
imal and its past response. This level of sophistication is incred-
ible. ~ American ornithologist John Marzluff 

Fork-tailed drongos are glossy, black African 

songbirds with ruby-colored eyes. They mimic the 

alarm calls of other species to scare an animal 

away. Then they swipe the dinner of the duped. 

Drongos get about a quarter of their food from deceptive 

theft. 

Those deceived do catch on. When a false alarm stops 

working, a drongo switches to another species' warning cry, 

which usually works for a while.  

Drongos have as many as 51 different alarm calls in their 

repertoire. 6 of those drongos use to warn of various preda-

tors. The other 45 are the alarms of others.  

Drongos keep an eye out for raptors and other predators. 

When spotted, a drongo utters a shrill metallic alarm. 

Nearby birds and meerkats pay attention to drongos: 

dashing for cover with an alarm, just as they would when one 

of their own calls out a warning.  

Having drongos around is somewhat helpful, as they are 

sharp-eyed. Animals nearby do not have to be as vigilant and 

can devote more time foraging.  

That is exactly what drongos want – productive foragers. 

Drongos have an "all-clear" call to encourage business-as-

usual, which means more for them to steal. 

The benefit of having lying thieves around is decidedly 

mixed. If a drongo spots a meerkat with a tasty fat grub, it 

emits a treat-dropping false alarm. 

 

Cuttlefish have the splendid ability to change their pat-

terned colorings quickly at will. A male cuttlefish may flash 

an elaborate courtship display to a female on the side of his 

body that she can see while presenting a deceptive business-

as-usual pattern on the other side, so that another male look-

ing on has no reason to perceive the suitor as a rival. 
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Topis are antelopes that live on the savannas of equato-

rial Africa. A male topi might keep a potential mate from 

wandering away by deceptively snorting in alarm that there 

is a lion nearby. This trick has limited effectiveness. If plied 

too many times, the female catches on and walks away. 

Elephants can be deceptive. A zoo elephant finished off 

its hay ration, then nonchalantly idled over to its neighbor's 

hay pile, aimlessly swinging its trunk and nabbing bites on 

the sly. 

Dogs are deceiving. They are also quick to catch on when 

being deceived. 

 Primate Deception  

Monkeys are gregarious, with varying degrees of rigidity 

in their social hierarchies. Spider monkeys live in large 

mixed-sex groups of up to 500 members. Their social hierar-

chy is relaxed. Capuchins live in troops 90% smaller than spi-

der monkeys, with a more decided social hierarchy, but not 

nearly as stern as that of macaques. 

Macaques have a strict social hierarchy. If a lower-level 

macaque has eaten berries and left none for a more dominant 

one, the ranking macaque is entitled to remove the berries 

from the subordinate's mouth. So, subordinates are careful to 

conceal their consumption, or their knowledge of food source, 

if a higher-ranking macaque is about. 

Captive monkeys – capuchins, spiders, and macaques – 

were shown how to unlock a box to get a food reward. The 

trained monkeys were low-ranking in social standing. When 

a more socially dominant monkey was around, a trained mon-

key, especially a macaque, would forgo the treat: ignoring the 

box and not revealing how to open it. 

Simians are deceivers. A subdominant baboon, on being 

attacked by a senior, may feign fright from a pretend preda-

tor approaching – a distraction designed to allow the younger 

baboon to slip away without further abuse.  

Chimps will call others when they find food in abundance. 

Conversely, when a small amount is discovered, they remain 

silent or even decoy others to a wrong location.  
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You only lie when you're afraid. ~ American mobster John 

Gotti 

 Biosphere  
Biosphere: the place on Earth's surface where life dwells.  

~ English Austrian geologist Eduard Suess 

Eduard Suess's original 1875 definition of biosphere has 

expanded. The biosphere is now considered the global sum-

mation of the Earth's ecosystems.  

Evolution is a tightly coupled dance, with life and the material 
environment as partners. From the dance emerges the entity 
Gaia. ~ James Lovelock 

From the early 1970s, English naturalist James Lovelock 

called Earth's ecosystems the "organs of Gaia." Lovelock's 

conception was that Earth is analogous to a self-regulating 

organism, which he termed Gaia after the ancient Greek god-

dess of Earth. From a historical perspective, Lovelock merely 

revived the idea of James Hutton, who argued in 1875 that 

Earth was a superorganism. 

Earth is not just a machine, but also an organised body, as it 
has a regenerative power. ~ Scottish geologist James Hutton 

Despite withering scientific scorn, the Gaia theory reso-

nated in the public consciousness. Lovelock may have rhap-

sodized too poetically for scientific minds, but to anyone 

attuned to Nature the idea that Earth behaves as an entan-

gled gyre makes perfect sense. Further, subsequent science 

proved the Gaia theory true.  

Organisms can influence the physical formation of habitats 
(ecosystem engineering), fluxes of elements in biogeochemical 
cycles (for example, ecological stoichiometry), and the produc-
tivity of ecosystems (for example, via trophic cascades and key-
stone species). ~ American ecologist Bradley Cardinale et al 

The history of life on Earth is closely intertwined with the 
physical and chemical mechanisms of our planet. It is clear that 
life had a profound role in creating the world, and the planet 
has similarly affected the trajectory of life. ~ English Earth sci-
entist Timothy Lenton 
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 Climate  

The ultimate source for all life's energy, growth, and behavior 
is the Sun. ~ Lynn Margulis 

Global climate is a confluence of entangled factors involv-

ing air, sea, and land. The oceans act as the primary plane-

tary thermostat. They do so by conveying absorbed heat from 

the tropics toward the polar regions, as warm equatorial wa-

ters are carried to higher latitudes by prevailing winds. 

Approaching the high latitudes, surface waters surrender 

their warmth. In losing heat, water becomes dense and de-

scends to the depths, where it contributes to the cold-water 

currents flowing toward the equator.  

The other aspect of oceanic thermal regulation is the re-

moval and storage of carbon dioxide from the atmosphere: the 

carbon cycle. The atmosphere is naturally more a conduit and 

climatic expression than regulator. The exhausts of life on 

land greatly affect the atmosphere's influence on climate. 

Plants inhale atmospheric CO2 and respire O2. Further, 

greenery has a relatively low albedo. Thus, vegetation tends 

to keep the planet cool. 

To the converse, the accumulative impact of humans has 

dramatically altered global climate, as industrially fueled at-

mospheric release of greenhouse gases and other pollutants 

tilts the planet toward hothouse. Humans are wrenching 

Earth's thermostat into a severe mass extinction. 

 Volcanism  

The intensity of mantle plumes occurs coincidentally with 

cyclic changes on the surface. As these plumes push up to 

form diapirs (intrusions) in the crust, water shifts toward 

continents, producing sea-level rise which precipitates vol-

canic activity which releases greenhouse gases that warm the 

climate.  

Volcanism can also create massive dust veils that pro-

mote global cooling for 10–100 years. Countervailing tenden-

cies play out their intensities for different durations. 
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Earth acts as an integrated gyre, with an interplay of in-

tricate feedback loops among the biological, climatic, and ge-

ological realms. This planetary system has self-organized 

criticality: supporting or disfavoring life at times, depending 

upon a confluence of environmental conditions. Past mass ex-

tinction events most dramatically demonstrated biotic bal-

ance disrupted and restored over the course of millions of 

years. 

 Biomes  

A biome is a region where organisms live with similar 

conditions, both geographically and climatically. Biomes bi-

furcate between aquatic (marine and freshwater) and terres-

trial, though land and freshwater are typically classified 

together because of their proximate geography. Beyond that, 

land-based biomes are more finely defined by climate, with 

latitude, elevation, and humidity being significant factors. 

Marine biomes are defined by depth, latitude, and water 

flow. Upwelling cold water that brings nutrients from the 

deep greatly affects marine life, and so figures as a major fac-

tor in defining a marine biome. 

 Classification  

There is the typical cacophony of vocabulary in identify-

ing biomes, which traditionally have local names. Temperate 

grassland, shrubland, prairie (North America), savanna 

(Australia), steppe (central Asia), pampas (South America) 

and veld (South Africa) are all the same biome under a dif-

ferent term. 

Adding to the nomenclature noise are numerous biome 

classification schemes. Almost all are exclusively terrestrial 

biomes. All start with climate and diverge from there. 

American botanist and climatologist Leslie Holdridge 

came up with the concept of life zones in 1947 which empha-

sized temperature and precipitation. Holdridge updated his 

design in 1967, complicating it with humidity provinces and 

regions of altitude and latitude. The result was 38 different 
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life zones which emphasized soil type and climax vegetation 

(dominant plants).  

Holdridge's scheme does not work well in predicting soil 

pattern, and especially breaks down when moisture becomes 

a determining factor; especially in cold climates, whether oce-

anic or arid. Nonetheless, it has been used in assessing 

changes in vegetation patterns due to global warming. 

American plant ecologist Robert Whittaker developed his 

terrestrial biome scheme in the late 1950s, focusing on gra-

dients of temperature and precipitation. Whittaker's ap-

proach was a simplification of Holdridge's, with workable 

concepts about different communities of plant and animal 

life. Its simplicity made it popular.  

A terrestrial biome scheme by German ecologist Heinrich 

Walter was published in 1976 with 9 basic biomes, from equa-

torial to polar. Like Whittaker, Walter's approach was based 

on temperature, moisture, and vegetation types. Walter also 

accounted for seasons.  

In 2001 came a team effort by the Worldwide Fund for 

Nature (WWF), defining 8 terrestrial and freshwater 

ecozones, along with 13 marine ecozones; 14 terrestrial bi-

omes with 867 terrestrial ecoregions; 13 freshwater biomes; 

and 11 marine habitat types. 

The WWF system is rigged to hierarchical classification: 

ecozone, biome, ecoregion, ecosystem, biotype (typically plant 

or animal), and species. It is thus strongly taxonomic and not 

well-suited to describing biospheric dynamics. 

Bizarrely, missing from all extant biome schemes is the 

endolithic biome: the microscopic life in rock crevices and un-

derneath the surface, where life originated. ~70% of Earth’s 

bacteria and archaea live in the planet's crust, not on it. 

 Atmosphere  

The atmosphere is a continuous mass resting on the earth and 
the sea, and they react upon each other. ~ Swedish meteorol-
ogist Hugo Hildebrandsson 

All the planets in the solar system have atmospheres. Ve-

nus is covered by a dense, stifling blanket of carbon dioxide, 

with an atmospheric pressure 90 times that of Earth. Mars 
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too has an atmosphere of CO2, but it is a thin coat: only 1% 

the pressure on this planet. 

 The gaseous onion of Earth's biosphere is the least 

weighty: one billion megatons. The ocean weighs 1,000 times 

as much; the physical earth a million times more. 

Like all other aspects of the planet over its 4.55 billion-

year existence, Earth's atmosphere has evolved. Its present 

composition is 78% nitrogen, 21% oxygen, 0.93% argon, and 

trace gases, most notably carbon dioxide (0.04%).  

Earth's atmosphere is especial in the solar system, for the 

relative abundance of oxygen and scarcity of carbon dioxide. 

This owes to photosynthetic life, particularly plants. 

 The atmosphere acts as an exchange medium for Earth's 

elemental cycles, such as carbon and oxygen. A viable atmos-

phere, as much as clean water, is a requisite for life. 

The atmosphere protects life by absorbing ultraviolet ra-

diation. The atmosphere's greenhouse effect retains heat, 

warming Earth's surface, as well as reducing diurnal temper-

ature variation: the temperature extremes between night 

and day. 

Given its orbital station about the Sun, Earth is naturally 

given to frigidity. Its atmosphere breathes the possibility of 

life in temperate climates. 

 

The atmosphere has 5 layers: 

the exosphere, thermosphere, meso-

sphere, stratosphere, and tropo-

sphere. While the exosphere is 

sparse, the other layers have vary-

ing layers of density which turbu-

lently fluctuate via internal waves 

that propagate between high- and 

low-density layers. Internal waves 

are a natural fluid coherency that 

also appears in the ocean and other 

waters. 

In the atmosphere, internal 

waves are the reason why weather forecasts go awry. These 

waves deposit and move energy. Through the butterfly effect, 
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small internal waves can create significant, weather-chang-

ing dynamics. 

When forecasters don't account for them on a small scale, 
then the large-scale picture becomes a little bit off, and some-
times being just a bit off is enough to be completely wrong 
about the weather. ~ American mechanical engineer Julie 
Crockett 

 Exosphere  

The outermost exosphere interfaces outer space, theoret-

ically halfway to the Moon (190,000 km). The exosphere is 

mostly dispersed hydrogen and helium, along with stray mol-

ecules of carbon dioxide and atomic oxygen toward the lower 

boundary, which ranges from 200–500 km, depending upon 

the solar wind. 

 Thermosphere  

The thermosphere begins 80 km above the Earth's sur-

face. At such high altitude, residual gases sort into strata ac-

cording to molecular mass.  

Solar radiation excites the residual oxygen ever more as 

altitude climbs, heating the sparse gas in the upper thermo-

sphere to 2,800 K, depending upon the flux of solar activity. 

Yet a thermometer would measure the thermosphere below 

freezing, because it is so near vacuum.  

Above 160 km, gas density is so low that molecular inter-

actions are too infrequent to carry sound (the anacoustic 

zone). 

The thermosphere is vital to life on Earth. Conditions 

there determine the net loss of hydrogen: the hotter, the 

greater the loss. Since water is the atmospheric source of hy-

drogen to the thermosphere, losing hydrogen means plane-

tary water loss. 

The dynamics of the lower thermosphere are driven by 

the atmospheric tide, analogous to the ocean tides. Variations 

in diurnal heating swagger the atmospheric tide. The tide 

rides below 120 km; above that, gas concentration is too thin 

to support coherent fluid flow. 
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 Mesosphere  

At 53–85 km, the mesosphere is atmospheric drama in-

carnate. Most meteors burn up there. Fierce sunlight cracks 

air molecules like a squirrel cracks nuts. Water molecules vi-

olently split into hydroxyl radicals (HO) and hydrogen atoms 

(H). CO2 cleaves into CO and a lonely O. 

 Stratosphere  

The stratosphere is 10–50 km above Earth's surface. Liv-

ing up to its name, the stratosphere is stratified. Higher up, 

the stratosphere hots up.  

As to the heat: it's the ozone (O3); or not. In the lower 

strata none forms. The energy of sunlight is not strong 

enough to form ozone there. 

In the mid-strata, the ozone layer forms as O and O2 com-

bine when they meet. Higher up, O3 is whacked into diatomic 

(O2) and atomic (O) oxygen by sunlight. At different altitudes, 

depending upon its intensity, sunlight creates and destroys 

ozone. 

Stratospheric ozone provides a protective layer to life be-

low. O3 absorbs nearly all shorter wavelength ultraviolet sun-

light (< 32 nm). The ozone layer is at a higher altitude in the 

tropics, and at its lowest in the polar regions. 

The strata of the stratosphere are generally stable, with 

little convective turbulence. Variations in the jet stream, 

along with other wind shear, stir the lower stratosphere. 

That stir can be quite significant at times. Gyral varia-

tions in stratospheric winds directly perturb the layer below: 

the troposphere. They also affect deep-ocean currents.  

 Polar Vortex  

The stratosphere is somewhat different at the north pole. 

The polar vortex comprises the stratospheric winds that en-

circle the Arctic. These winds can extend from the lowest 

stratospheric layer to beyond the top of the stratosphere.  

Polar vortex patterns typically last 2 years. Sudden 

warming events can occur, with these winds weakening or 

even changing direction. Sporadic breakdown can last for up 
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to 2 months, affecting air circulation all the way to the sur-

face, and the ocean below.  

The North Atlantic Ocean circulation pattern influences 

Earth's oceans by moving water around the planet like a con-

veyor belt. Hence, changes in circulation pattern speed have 

a cascading effect on the rest of the world. 

South of Greenland lies Earth's most important seawater 

downwelling region: the sinking of cold, salty water that 

drives the oceanic conveyor belt. This downwelling area is 

quite susceptible to temperature changes in the troposphere 

there. Even modest warming or cooling in the local tropo-

sphere can trigger or delay downwelling. Hence the subtle 

gyral relationship between events in the polar stratosphere 

and ocean currents worldwide. 

 

Bacteria live in the lower stratosphere. Some birds reach 

the lower stratosphere, notably the Bar-headed goose, which 

routinely flies over Mount Everest's summit. 

Aerosols layer in the stratosphere, especially sulfuric and 

nitric acids, which are naturally deposited from volcanic ex-

haust. Other aerosols and gases make their way into the 

stratosphere. Some pose a threat to the ozone layer upon 

which life depends. 

 Troposphere  

The troposphere is the atmospheric layer of life, with 80% 

of the atmosphere's mass, and 99% of its water vapor and 

aerosols. The troposphere averages 17 km, though its height 

variation is considerable. The tropic troposphere reaches 20 

km. Near the poles in summer, one can go troppo for only 7 

km up. In winter, the polar troposphere becomes indistinct. 

The composition of the lower atmosphere is dynamically 

defined by the lithosphere – most dramatically by volcanoes, 

but most continuously by dust; most subtlety and constantly 

by evaporation from the hydrosphere; and constitutionally, 

by the most powerful of biota: plants, as well as by recently-

descended hominids. 
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Plants have long poured their exhausts into the atmos-

phere, to the ultimate beneficence of all other life. Much more 

recently, humans have done the same, to quite the opposite 

effect. 

The temperature of the troposphere drops with altitude, 

as does water vapor saturation, because saturation vapor 

pressure weakens with chill. Atmospheric pressure also de-

creases with altitude. The turbulent and thick portion of the 

troposphere is near the surface. 

 Atmospheric Circulation  

Warmth is spread through the troposphere by atmos-

pheric circulation. While chaotic turbulence plays a large role 

locally, wind belts girdle the Earth and create global pat-

terns.  

Solar heating primarily drives atmospheric circulation. 

The hot equator and cold poles move thermal energy pole-

ward.  
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The Coriolis effect caused by planetary rotation tends to 

move air mass flow latitudinally, in contrast to the thermal 

longitudinal inclination. Thus, 2 countervailing dynamics af-

fect the atmospheric circulation gyre. 

 The uneven heat distribution of solar radiation and 

Earth's rotation cause differences in air pressure. Aiming at 

equalization, wind flows from high- to low-pressure areas.  

The Earth's wind belts are organized into 3 different cell 

types, based upon latitude. These cells are characterized by 

the bands of pressure which drive them. 

 The equator is a low-pressure area. Prevailing winds are 

calm: the doldrums. 

The tropical Hadley cell carries the vast bulk of vertical 

circulation in Earth's atmosphere. The Hadley cell mecha-

nism characterizes the trade winds.  

Low- and high-pressure areas on the surface are balanced 

by their opposite relative pressures in the upper troposphere; 

hence a circulating cell is defined. 

Elevated temperatures at the equator cause surface air to 

expand and become lighter. This warm, moist air at the equa-

tor is lifted aloft, and carried poleward 10–15 km above the 

surface. The warm air is replaced by cooler, heavier air, flow-

ing in from the north and south. 

At the high-pressure Horse Latitudes, between 30°–35° 

north and south, the air descends. Some of the descending air 

travels along the surface, closing the Hadley cell loop and cre-

ating the trade winds. 

The trade winds generally flow in the same direction due 

to the Coriolis effect: from the northeast in the northern hem-

isphere, and from the southeast in the southern hemisphere. 

Owing to chronic high pressure, land in the Horse Lati-

tudes receives little precipitation. Winds there are variable, 

mixed with calm. 

Over the oceans, the Westerlies have the strongest winds, 

especially between 40°–50° latitude, and particularly in the 

southern hemisphere, where there is less land in the middle 

latitudes. The Westerlies blow from west to east. 

The Polar cell is the belt between latitude 60° and the 

pole. Like the Hadley cell, air masses at the 60th parallel are 

still warm and moist enough to undergo convection, and 
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thereby drive a thermal loop. By the time relatively warm air 

masses reach the polar region they have cooled considerably, 

and so descend as a dry high-pressure area. This wind moves 

away from the pole near the surface, but twists westward be-

cause of the Coriolis effect, producing the polar easterlies. 

The polar front is the boundary between the polar cell and 

the Ferrel cell in each hemisphere. A secondary mechanism, 

the Ferrel cell depends upon the Hadley cell and Polar cell for 

its existence, acting like a ball bearing between the 2.  

While the Hadley and Polar cells are closed-loop systems, 

the Ferrel cell is not. The Westerlies are created from eddy 

circulations between high- and low-pressure regions in the 

middle latitudes. 

Just as the trade winds blow beneath the Hadley cell, the 

Westerlies are found under the Ferrel cell. The base of the 

Ferrel cell has moving air masses which are influenced by the 

jet stream. Thus, winds created by the Ferrel cell are highly 

variable. 

Jet streams are fast-flowing, narrow air currents near the 

tropopause, caused by solar radiation and Earth's rotation. 

The tropopause is the transition layer between the tropo-

sphere, where the temperature drops with altitude, and the 

stratosphere, where temperature rises with altitude. 

Earth's major jet streams are westerly winds: flowing 

west to east. Jet stream paths may meander. Their shapes 

are highly variable. 

The strongest jet streams are the polar jets, 7–12 km 

above sea level. At 10–16 km, subtropical jets are higher and 

somewhat weaker. Both the northern and southern hemi-

spheres each have a polar jet and a subtropical jet.  

While the polar jet in the southern hemisphere mostly cir-

cles Antarctica year-round, the northern hemisphere polar 

jet flows over middle to northern latitudes in North America, 

Europe, and Asia, and their intervening oceans. A weakened 

polar jet from climate change has delivered bursts of frigid 

winter weather to northern continents in the 2010s. 
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 Climate & Weather  

Earth's climate system has sensitive triggers that can cause ab-
rupt and dramatic shifts in global climate. ~ American geolog-
ical oceanographer Matthew Schmidt 

All the talk of the troposphere brings us to climate: a char-

acterization of a region over a long (though not geological) 

time frame, focused on atmospheric measurement. The 

standard averaging of a climate is 30 years but is often ad-

justed to suit reportage. 

Climate is a sketch of the effect that biospheric elements 

have on atmosphere, with weather as a snapshot. Climate is 

to weather what a movie is to stills (individual film frames).  

The term climate comes from klima, the Greek word for 

"inclination." The term weather has more recent roots: some-

time shortly after the Black Death in Europe, when one's 

sense of time ran short.  

Climate is what you expect. Weather is what you get. 

 Dust  

We're just starting to understand the effects of dust. ~ Amer-
ican climatologist Wallace Broecker 

The wind carries sediment – fine particles of rock – much 

the way that water does. Both water and wind flow in cur-

rents, carrying ever larger particles along as current flow in-

creases. In that air is much less dense than water, wind must 

move much faster to porter particles of equivalent size. 

Water's power is immense in crafting geological features, 

but wind is by far the major mover of sediment on a global 

scale. 

 Lake Chad  

Africa's Lake Chad is the modest remain of what was once 

an inland sea, covering 400,000 km2, larger than the Caspian 

Sea is now. But Chad was never very deep, and so, unlike the 

Caspian Sea, the Chad mega-lake was susceptible to the vi-

cissitudes of climatic change. In more recent times, other 

forces affected it further. 
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Lake Chad has dried out over the last few thousand years. 

Since the 1960s, owing mostly to human extractions for 

drinking and irrigation, the shrinkage of this endorheic lake 

accelerated, to being less than 1,300 km2 in 2007.* Endorheic 

refers to a closed drainage basin: no outflow to another body 

of water. Increased aridity from global warming in recent 

decades has also contributed to the evaporation of Lake 

Chad. 

In the process of desiccating Lake Chad, a gigantic dust 

bowl was created: the Bodélé Depression, a huge hollow at the 

southern edge of the Sahara Desert in north central Africa. 

100 days a year, massive dust storms sweep the bowl, carry-

ing its dust across continents. The mountains to the north 

channel the winds into a howl across the big dip, scooping up 

dried diatoms left over from the former freshwater lake. 

 

Many millions of tonnes of soil and dust circle the globe 

at any given time: affecting the climate, altering rain pat-

terns, fertilizing the oceans, and pouring nutrients into the 

Amazon rain forest. Each year, the Earth's surface emits 2 

billion tonnes of dust. 

More than half of the world's dust flows from African de-

serts and dry lands. Much of it is carried on westward trade 

winds across the Atlantic to the Americas. The Middle East 

and Europe get a goodly share of African dust as well. 

China emits dust that lands in Hawaii and western North 

America. Greenland is landfall for Asian dust. Patagonia, at 

the southern end of South America, ships its dust in a rela-

tively short hop to Antarctica. 

Each year, several hundred million tonnes of dust, laden 

with life-sustaining elements from Africa, fertilize the Ama-

zon rain forest; blessings of nitrogen, iron, and carbon. Half 

of that may originate from the scoop at the Bodélé. 

 
* There has been no update on Lake Chad's desiccation for a decade 

(between 2007 and 2017). 
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 The Sahara Desert  

North Africa is pumping dust everywhere, all year long.  
~ American meteorologist Joseph Prospero 

The Sahara Desert covers most of north Africa. It is the 

largest subtropical desert, and the 3rd-largest desert in the 

world, after Antarctica and the Arctic. 

The desertification of northern Africa began ~7 million 

years ago, an outcome of tectonic plate movements. The Afri-

can plate moved north relative to the Eurasian plate, prompt-

ing a shift in weather patterns. At the same time, the 

Arabian Peninsula uplifted, replacing a broad swath of ocean 

off northeastern Africa, thereby weakening the African sum-

mer monsoon. When the westerly winds waned, the flow of 

moisture from the tropical Atlantic Ocean that had swept 

north Africa shifted south. 

The Tethys Sea, the predecessor of today's Mediterra-

nean, gradually shrank. North Africa parched. Once semi-

arid, north Africa collapsed into desert. 

4,600 years ago, dust from the Sahara Desert fertilized 

the nutrient-poor wetlands of south Florida. Water lilies and 

other aquatic flowers dotted the grass carpets of the Ever-

glades. An abrupt shift in winds 2,800 years ago downsized 

the dusting. The drop in nutrient flow ushered in the saw-

grass-dominated ecosystem that characterizes the Ever-

glades today. 

 

Dust from north Africa and the Arabian Peninsula is 

lofted toward India. The dust absorbs sunshine, warming the 

air, and strengthening the winds that blow from the Indian 

Ocean, carrying moisture eastward. Thus, dust affects the in-

tensity of summer monsoon rainfall in India.  

The tropics and mid-latitude arid regions are not the only 

dust source, though they are the major ones. Dust generated 

in the higher latitudes is not confined to arid regions. Be-

cause of strong seasonal winds, humid areas, even near gla-

cial regions, generate dust.  

Airborne dust fashions fickle effects. Do-nothing dust for 

millennia may suddenly start to modulate the global climate: 
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absorbing warmth from the Sun and rays reflected off Earth's 

surface, and thus warming the atmosphere. Dust with soot 

absorbs even more heat. 

Dust can have the opposite influence: cooling by reflection 

rather than absorbing heat. The effect depends upon dust's 

chemical composition and size, as well as the wavelength of 

light that hits it. Generally, dust tends to reflect shortwave 

solar radiation, while absorbing the longer-wave bounce-back 

from the Earth. 

Dust over darker areas, notably the oceans, has a cooling 

effect, by reflecting light that would otherwise be absorbed at 

the surface. Dust on ice or snow darkens it, willing warming. 

Moisture in the air must attach to particulates to form 

droplets that lead to rain, or, in colder conditions, hail and 

snow. Aerial bacteria play this particulate part, as does dust. 

Exactly how these particulates affect precipitation varies de-

pending upon a variety of factors, including the characteris-

tics of the dust. 

Airborne dust has doubled in the past century. While it 

generally has a cooling effect in the atmosphere, there are too 

many variables to characterize its temperate effects. 

Large areas of the ocean are rich in nitrogen and phos-

phorus. An iron shortage limits what would otherwise engen-

der massive plankton blooms. African dust has a high iron 

content. 

Not only does dust craft the global climate, but the cli-

mate claims a toll on dust. Just as dust modulates climate 

variability, dust is dependent upon climate.  

If climate change affects wind velocity and rainfall, it can 
have an immense impact. Dust is extremely sensitive to small 
changes in wind and rain. It's the ultimate feedback loop.  
~ Joseph Prospero 

 Clouds  

Water vapor and ice crystals coalesce in the atmosphere, 

forming clouds as warm, moist air rises. As atmospheric pres-

sure lowers at higher altitude, an air mass expands as it as-

cends. During expansion, air cools adiabatically until its 
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temperature falls below dew point. As the air becomes super-

saturated, water vapor con-

denses into microscopic 

droplets, which are the nuclei 

of cloud condensation. The 

now cool, wet air mass forms 

a cloud. 

Cloud cover is especially 

dominant over the oceans, where less than 10% of the sky is 

without clouds at any one time. 30% of land surface is cloud-

free on average. Overall, 2/3rds of Earth's surface has cloud 

cover at any time.  

Regardless of rain or snow, clouds themselves have an 

overall cooling effect that greatly affects global climate. 

Clouds cool by reflecting incoming solar radiation, and warm 

by trapping outgoing heat. 

The band of clouds that cover the equator is caused by the 

Hadley cell which dominates the tropics. Winds converge 

near the equator and rise to 10–15 km before moving toward 

the poles.  

As this warm, moist, tropical air rises and cools it loses 

its capacity to hold water vapor; condensing into clouds which 

produce regular thunderstorms. The cold, dry air sinks back 

to the surface at about 30° latitude. 

Clouds also commonly form in the middle latitudes – 60° 

north and south of the equator – where polar and mid-lati-

tude Ferrel circulation cells collide. This pushes air upwards, 

fueling the formation of large-scale frontal systems that dom-

inate the weather patterns there. 

Ferrel cells are an atmospheric eddy, formed by the up-

ward movement of polar air currents at 60° latitude and the 

downward flow of cool dry air from the Hadley cycle at 30° 

latitude. 

Clouds are categorized by their appearance. The 8 main 

cloud families are divided into 3 groups, based upon altitude. 

A cloud at the surface is called fog. Low clouds (up to 2 

km) are stratocumulus, stratus, and nimbostratus. Mid-alti-

tude clouds (2–7 km) are altocumulus and altostratus. High 

clouds (5–13 km) are cirrus, cirrocumulus, and cirrostratus. 
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A cloud that extends through all 3 heights is a cumulonim-

bus. 

Cumulus clouds are dense, puffy mounds, with flat bases 

and cauliflower tops. 

Stratus clouds are relatively featureless, with a uniform 

base and gray, horizontal layering. Altostratus clouds are 

lighter than nimbostratus, and darker than cirrostratus. 

Cirrus clouds are the thin wisps of vapor that streak the 

sky at high altitudes; covering nearly 1/3rd of the globe at 

any time. Mineral dust forms the seeds of cirrus clouds. This 

dust naturally originates from dry surface regions, but hu-

man activities have increasingly contributed. 

High-altitude clouds that curl at 

the top like breaking waves indicate 

disturbance in Earth's magnetic field. 

The waves are caused by high-speed 

winds blowing over more stagnant air 

masses, forming a distinction pattern 

known as Kelvin-Helmholtz instability waves. These ultra-

low frequency waves occur 20% of the time. They change the 

energy dynamics in the magnetosphere, affecting the block-

age of incoming cosmic radiation. 

 Hydrosphere  

Water is life's mater and matrix, mother and medium. There 
is no life without water. ~ Hungarian physiologist Albert Szent-
Gyorgyi 

Calling this planet Earth is a misnomer. Ours is a watery 

world. Water's abundance has been a most significant factor 

in shaping the planet's geophysical history. 

On early Earth a steamy atmosphere cooled and con-

densed. Oceans formed from reservoirs in the mantle; possi-

bly by 4.4 BYA; certainly by 3.8 BYA. The water was quite hot, 

and richer in hydrogen than modern oceans. By 3.4 BYA, 

ocean waters had cooled to 37 ºC.  

H2O on Earth now exists as atmospheric vapor, ice, run-

ning water on land, and salted seawater (3.5% salinity, on 

average). Water reservoirs include the oceans, glaciers, and 

groundwater. 
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Groundwater is the deepest and most massive water 

store. Sponged up in the Earth’s interior is at least 25 times 

the water in the oceans.  

Water is as crucial to the workings of Earth's interior as it is 
to Earth's surface processes. Among other things, it triggers 
magma generation beneath volcanoes, lubricates deep fault 
zones, and fundamentally alters the strength and behaviour of 
Earth's mantle. ~ American Earth scientist Donna Shillington 

Rainwater makes its way into the deep crust where it is 

heated and pressurized, altering tectonic dynamics. Water 

sews together the Gaia gyre. 

75% of the Earth's surface is covered by water; over-

whelmingly ocean (72%), equivalent to 1.5 billion cubic kilo-

meters, which is 100 times the volume of terrestrial habitats. 

In the continents' current configuration, the Pacific 

Ocean covers nearly half the Earth's surface. 81% of the 

southern hemisphere is ocean, but only 61% of the northern 

hemisphere. 

About half of the world's ocean is extremely nutrient-poor.  
~ German oceanographer Jens Kallmeyer 

2% of the 3% of Earth's surface water that is not oceanic 

is locked away as ice: in glaciers, ice fields, and snow that 

coat the polar regions. Antarctica has locked away 75% of the 

planet's fresh water; at least for now.  

Releasing that frozen storage to further flood the oceans 

would raise sea levels enough to cover the majority of human 

populations, which predominantly reside in coastal areas. Ice 

melts at the poles over the past few decades render dramatic 

uplift in sea level a certainty. Global warming is a gyre with 

feedback loops that guarantee accelerating sea-level rise 

much more quickly than humans will be prepared for. 

0.5% of the water left is groundwater. 0.01% lies in lakes 

and rivers, and aloft in the atmosphere. On the surface, lakes 

contain 20 times the freshwater that is in all the world's riv-

ers. 

 

Lovelock observed that the oxygenating work of cyano-

bacteria stabilized water's role on Earth, preventing the 
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planetary dehydration that would have otherwise occurred, 

and probably has on other planets. By switching Earth's at-

mosphere from a heavy carbon dioxide component to oxygen, 

cyanobacteria managed the greenhouse effect by maintain-

ing a cool surface. If the surface heated substantially, such as 

by volcanic emission of CO2, life flourished in the warm, wet 

world, restoring equilibrium.  

Conversely, if too much carbon was sequestered, such as 

in limestones, or down subduction zones, the planet cooled to 

an ice age. Life takes a hit, whereupon volcanic return raises 

the CO2 level. 

Dynamic environmental regulation afforded the abun-

dant water that has been crucial to life on Earth via an intri-

cate interweave of the geological and biological. Biota play an 

active part in shaping the atmosphere and hydrosphere. Mi-

crobes and plants played a prominent role in the air and wa-

ter cycle before industrialized man began to tear Nature 

asunder. 

 Microbes in the Ocean  

A bewildering swirl of tiny creatures dominates life in the 
oceans. More numerous than the stars in the universe, these or-
ganisms serve as the foundation of all marine food webs, recy-
cling major elements, and producing and consuming about half 
of the organic matter generated on Earth. ~ American marine 
biologists Virginia Armbrust & Stephen Palumbi 

Microorganisms permeate Earth's oceans. Microbial com-

munities both drive the world's biogeochemical dynamics and 

respond to changes in the environment. 

Microbes are responsible for virtually all the photosynthesis 
that occurs in the ocean, as well as the cycling of carbon, nitro-
gen, phosphorus and other nutrients and trace elements. They 
literally run the oceans. ~ American marine biologist Mary Ann 
Moran 

In providing the fundamental productivity of the oceans, 

marine plankton are crucial to the planetary gyre of life. As 

well as playing an integral role in the global carbon cycle, 

phytoplankton provide half of the atmospheric oxygen gener-

ated, with land plants producing the other half.  
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Marine bacteria influence Earth's environmental dynamics in 
fundamental ways. These large-scale consequences result from 
the combined effect of countless interactions occurring at the 
level of the individual cells. At these small scales, the ocean is 
surprisingly heterogeneous, and microbes experience an envi-
ronment of pervasive and dynamic chemical and physical gra-
dients. Many species actively exploit this heterogeneity, while 
others rely on gradient-independent adaptations. ~ American 
microbial ecologist Roman Stocker 

The top 60 microns of the ocean is a lively layer of micro-

bial life. The microlayer communities that literally cover the 

oceans are dominated by microbes that form biofilms. This 

creates a durable skin housing phytoplankton and others. 

Storms disrupt continuity, but the miniature mariners ride 

it out.  

Phytoplankton do more than just ride out turbulence. 

They use it to congregate, going with the flow to swim to so-

cial interactions. 

Cell motility can prevail over turbulent dispersion to create 
strong fractal patchiness, where local phytoplankton concentra-
tions are increased more than 10-fold. ~ English aquatic micro-
bial ecologist William Durham et al 

The microbial microlayer is crucial to the ocean absorbing 

carbon dioxide. Pollutants, such as pesticides, can become 

trapped there, disrupting the microbial congregation and 

changing its local composition. Unseen ocean ecosystems are 

more fragile than has been appreciated. 

 

Water is what enables a pliable crust to form and allows 

the tectonic plate system to operate. This includes subduction 

zones, along with granitoid intrusions and andesite volca-

noes, which maintain the continents. 

If the water evaporated, carbon dioxide would degas and 

the plate system would be replaced by a plume-led dynamic. 

Earth would be a much different world, like Venus or Mars. 

 

Seawater constantly sways to imposed rhythms. Surface 

waters respond to the drag of prevailing winds and the 
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rotation of Earth by forming huge circulatory gyres. Just 

below are currents that reflect local and seasonal conditions. 

In the deep are abiding currents which span much of the 

globe. 

 Ocean Circulation & Climate  

Ocean circulation impacts climate and vice versa in a 

worldwide gyre. 

 Eddies  

Globally, ocean currents form loops and vortices, with ed-

dies that can create variations in flow. Ocean eddies may be 

500 km across at the surface and reach all the way to the 

bottom of the ocean. These massive eddies transport all man-

ner of matter and thermal energy over long distances. The 

swirl of ocean eddies mirrors those of black holes. 

The boundaries of water-carrying eddies satisfy the same type 
of differential equations that the area surrounding black holes 
do in general relativity. ~ American mathematician George 
Haller 

Ocean eddies are weather makers: locally affecting near-

surface winds, clouds, and rainfall patterns. A slackening cy-

clonic eddy takes the sail out of near-surface winds, which 

lessens cloud formation, and thereby reduces rainfall. 

With climate change comes shifts in eddies. Altering 

these gyres will transport marine species to new areas. Re-

ductions in polar sea ice will introduce life that originated in 

the Pacific and Atlantic into Arctic and subarctic oceans, 

thereby accelerating biogeochemical cycles. Severe disrup-

tion to marine ecosystems is inevitable with the current rap-

idly changing climate. 

 

Numerous dynamics affect currents in the oceanic gyre: 

Earth's rotation and latitudinal variations; ocean basin and 

landmass configurations; water temperature, salinity, and 

density; and wind. 
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 Ocean Conveyor Belt  

Seawater density varies with salinity and temperature. 

Density changes drive current movement in the deep ocean; 

a phenomenon known as thermohaline circulation.  

 Seawater sinks as it becomes denser. On a global scale, 

this cooling and sinking create an ocean conveyor belt. The 

ocean conveyor belt is a continuous system. It does not begin 

or end anywhere. 

As warm surface current gets colder and denser, it sinks: 

deep-water formation. Conversely, upwelling currents arise 

in the Southern Ocean, around Antarctica, as part of the Ant-

arctic Circumpolar Current, where there is also deep-water 

formation. 

The ocean conveyor belt that exists now was established 

10–15 MYA. In the absence of deep-ocean circulation, abyssal 

waters became stagnant or anoxic at times.  
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Stagnancy was common when continents were more con-

centrated, with less flow around land masses. Such instances 

led to marine mass extinction events. 

If ocean temperature warms along the west coast of Af-

rica, monsoon rainfall dramatically drops, affecting sub-Sa-

haran Africa. Warming the cold North Atlantic causes the 

band of rainfall in the tropics to shift south, drying out north-

ern South America and wetting the South Atlantic.  

Sunshine warms the tropics more than near the poles, 

creating a thermal gyre. The oceans and atmosphere work 

together as a planetary thermostat, exporting heat from 

equatorial to polar regions.  

Near the equator, the surface of the ocean is warm, float-

ing over colder deep water. Warm currents, such as the Gulf 

Stream, porter the warmth toward the poles. 

Warmth hastens the precipitation cycle, all else being 

equal. Whence tropical rainforests; though, once established, 

the forests themselves engender rain. 

The northern hemisphere is warmer and much wetter 

than the southern half of the planet; this despite the south-

ern hemisphere receiving more sunlight, and thereby bask-

ing in more solar energy. By atmospheric radiation alone, the 

southern hemisphere should be hotter and soggier.  

The seeming temperature anomaly is because of the 

ocean conveyor belt. Warm surface water flows north from 

the Southern Ocean and sinks near Greenland as it cools. 

This cold water then travels along the benthic zone back to 

Antarctica. The cold-water upwells via the Antarctic Circum-

polar Current. 

Thus, the ocean conveyor belt regulates the world's tem-

perature. Europe is warmed by this circulation. A strong re-

duction in this gyre can cause widespread cooling by up to 10 

ºC.  

For their vicious winds, the rough waters around Antarc-

tica are called the "Roaring Forties" and the "Furious Fifties" 

by sailors. The winds that cause such turbulent waves origi-

nate near the equator, where hot air rises and is pushed to-

ward the poles by cooler air that rushes in to take its place. 

Earth's rotation ensures that the heat transfer is spirally dis-

tributed rather than heading straight for the poles. 
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Near Antarctica, eddy-driven upwelling occurs, provoked 

by the wild winds. Water and wind join in a gyre that guides 

global climate. 

A glitch in the ocean conveyor belt – weakening the flow 

in the northern hemisphere – would render dramatic changes 

in tropical rainfall patterns. Today's global warming, espe-

cially polar deglaciation, makes this inevitable.  

The ocean is the planet's great heat sink. Having under-

gone prolonged cooling over millennia, temperatures in the 

deep Pacific Ocean are now rising faster than any time in the 

past 10,000 years.  

 Water Cycle  

As water is the medium for all cellular chemical reac-

tions, clean water is essential to all life.  

Surface water on Earth is held in a massive aquatic res-

ervoir (the oceans), with a smaller reserve on land (glaciers, 

rivers, and lakes).  

The upper mantle holds at least 3.5 times as much water 

as the oceans, subducted in deep-sea fault zones. 

The subduction zones at which the tectonic plates beneath 
the sea thrust into the deep Earth act as gigantic conveyer belts, 
carrying water, fluids, and volatile compounds into our planet. 
Water in Earth's interior is released back into the oceans and 
atmosphere by volcanoes. These inputs and outputs constitute 
a global deep-Earth water cycle. ~ Donna Shillington 

Earth's water is incessantly in motion, and constantly 

mixed. Water evaporates from the ocean, then precipitates 

over land as rain, sleet, or snow; returning to the ocean 

through runoff and river flows. 

The hydrological cycle (water cycle) circulates water 

through the biosphere, most actively the atmosphere. Via 

atmospheric exchange of water vapor, the water cycle is 

primarily a gaseous cycle. Water lingers in the atmosphere 

as vapor for 9–10 days. 

Atmospheric bands of water vapor flow like rivers in the 

sky. These atmospheric rivers develop because of the temper-

ature differences between Earth's poles and tropics. 
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At any given time, 3 to 5 atmospheric rivers ferry water 

in each hemisphere. These rivers are over 1,000 km long and 

often no wider than 400 km, carrying in water vapor the 

equivalent of what flows at the mouth of the Mississippi 

river. 

Water cycles from the atmosphere by precipitation: rain, 

sleet, snow, and hail. Each form has its own dynamics. 

A single drop of water from a raincloud multiplies as it 

descends. Air resistance on an accelerating drop increases 

until the cohesive forces holding the drop together are 

overcome. The drop bursts into a shower of droplets.  

That same friction that tears raindrops apart is lessened 

by the rain. The friction of falling raindrops dissipates wind. 

Rainfall soothes the atmosphere.  

The power of precipitation is considerable. Globally, 

raindrops rip friction at a rate of 1015 watts. The rate of en-

ergy dissipation from worldwide precipitation is 100 times 

that of human energy consumption. 

 

Water cycles into the atmosphere via evaporation and 

transpiration. Evaporation is a taking, transpiration a giv-

ing. 

Evaporation is the kinetic energy excitement of surface 

water molecules busting a move into vapor. As with many 

energetic transactions on Earth, the inspiring culprit is the 

Sun.  

Oceanic evaporation is the source of most rainfall. But all 

surfaces are sources of evaporation: soils, bodies of water, 

and the bodies of organisms. 

Evaporation and precipitation over land and ocean differ. 

Excess ocean evaporation is carried by the wind onto land, 

where more precipitation occurs than evaporation. 20% of 

global rainfall is over the oceans; 80% lands on land, where 

it is taken up by vegetation, stored in terrestrial reservoirs, 

or runs off into the oceans. 

Transpiration comes from plant release of water; espe-

cially leaves, but also flowers, stems, and roots. Plant leaves 

are dotted with stomata: pores whose opening is regulated by 

guard cells. 
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Plants move water from the soil to leaves for photosyn-

thesis. 90% of the water that plant roots absorb transpires.  

Plants flow mineral nutrients from roots to shoots. In the 

finale of transpiration, plants let go of water to cool them-

selves. Only 1% of the transpired water that passes through 

a plant is used in the growth process. 

A mature oak tree, fully leafed, transpires 4 tonnes of wa-

ter a day in warm, dry weather. Globally, 10% of all water 

evaporation comes from transpiration. 

 

Over 35% of the forests in the world are in the humid 

tropics. Forests, especially tropical forests, promote rain. 

Tiny aerosols put out by rainforest inhabitants – especially 

trees – seed raindrop formation. Further, 25–56% of the rain-

fall in a tropical rainforest is recycled within the ecosystem. 

Tropical rainforest is a gyral truism. Deforestation re-

duces rainfall for thousands of kilometers beyond the forest.  

From 1970 to 2012, 20% of the Amazon rainforest was 

cleared. By 2050, a further loss of at least 40% is likely. Un-

der that scenario, rainfall across the Amazon basin will drop 

over 20%. 

Such disruption by itself would shift global rain patterns 

and promote aridity on other continents. The effect is accel-

erated with global warming. 

 

On land, gravity pulls water down into the ground, until 

the soil is saturated: the spaces between soil particles full of 

water. The level of ground saturation is the water table; the 

water found there: groundwater.  

Groundwater provides 95% of the world's supply of fresh 

water. If the land lies below the water table, surface water is 

present as wetlands, lakes, bogs, swamps, and streams. 

Water is a restless medium: constantly moving. Ground-

water recharges lakes, streams, and rivers. Some groundwa-

ter goes deep, recharging geologic pools of water: aquifers. 

Water running off to the sea forms watersheds, also termed 

catchments or drainage basins. In flowing back to the sea, 

river runoff closes the water cycle.  
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Owing to water's restless nature, groundwater pollution 

quickly diffuses. If a part of a watershed becomes polluted, 

the entire watershed is debased in short order. 

 

Changes to the global water cycle alter precipitation pat-

terns and redistribute freshwater on a geographically large 

scale. Such global water cycle changes have been apparent 

since 1950. The upshot is more extreme weather in many ar-

eas. 

Since the mid-1990s, melting ice near the poles has 

changed the shape of the Earth: putting a bulge of ocean near 

the equator. This is merely an acceleration of a trend that 

begun in the mid-19th century, as industrialization got un-

derway.  

The water cycle is intensifying quickly under global warming 
– twice as fast as climate models have been predicting.  
~ American science writer Richard Kerr 

 Continental Shelves  

The land meets the ocean on continental shelves. Conti-

nents are surrounded by shelves that gently slope at an angle 

of 1° to 3°. These shelves are generally formed of young sedi-

ments from the land.  

Continental shelves are covered by shallow seas, creating 

a zone rich in marine life. The North Sea and Persian Gulf 

overlie continental shelves. 

Continental shelves cover 7% of the total seafloor. Aver-

aging 80 km, they may be much wider. The Siberian Shelf in 

the Arctic Ocean stretches to 1,500 kilometers. The South 

China Sea lies over the Sunda Shelf, upon which Borneo, Su-

matra, and Java sit; another expansive shelf.  

Wide, shallow shelves, such as the Atlantic coasts, are sit-

uated on passive continental margins. These are made of 

thick sedimentary wedges, derived from extended erosion of 

a neighboring continent. 
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In contrast, active continental margins have narrow, 

steep shelves, owing to frequent earthquakes that shovel sed-

iment into the deep sea. Off the coast of Peru, the Nazca plate 

subducts into the Peru-Chile trench. 

The outer limit of a continental shelf is marked by a sud-

den slope change, from 3° to 30°. This where the continental 

slope plunges toward an abyssal plain, home of the deepest 

oceans.  

Continental slopes cover 9% of the ocean floor. Such slopes 

are dark places of high pressure, marked by various terrain, 

including sediment slumps and canyons, carved from sedi-

ment-laden turbidity currents, which are sometimes an ex-

tension of a river system.  

 

Abyssal plains occupy most of the ocean floors: where 

pitch black reigns over high pressure and minimal sedimen-

tation, which chiefly consists of fine clay particles and marine 

snow: the organic detritus of oceanic microorganisms. 

Mid-ocean ridges are long, linear, oceanic mountain 

chains. These regions are subject to intense geological activ-

ity from tectonic plates moving apart (divergent boundaries). 

In contrast, trenches are deep troughs, typically at the mar-

gins of continents, where a crustal slab is subducted into the 

mantle. 

At every depth, the sea floor has varied terrain and geo-

logical features, such as seamounts and reefs, as well as 

trenches and other seabed carvings. The same forces that 

shape terra firma work in the dark on the ocean floor; only 

water does all the work there, whereas wind lays its hand on 

the land. 

 Lithosphere  

Earth's thin outer shell is the lithosphere; a concept de-

veloped by American geologist Joseph Barrell. The litho-

sphere consists of the crust and uppermost mantle. 

Currently, 1/3rd of the lithosphere is continental, 2/3rds oce-

anic. 
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The crust is distinguished from the lithospheric mantle 

by different mineral composition. This boundary is the Moho 

discontinuity – named after Croatian seismologist Andrija 

Mohorovičić. The Moho discontinuity lies 5–10 km below the 

ocean floor, 20–90 km beneath the surface of a continent, at 

an average 35 km. 

As mineral content differs, oceanic lithosphere is denser 

than the continental variety. Oceanic crust consists of mafic 

material: silicate rich in magnesium and iron.  

The term mafic is a portmanteau of "magnesium" and 

"ferric" (referring to iron). Oceanic volcanoes tend to exude 

mafic magma, which has a lower viscosity and silica content 

than felsic lava. 

Thicker-but-lighter continental crust is felsic: typically 

granite, but incorporating other silicate materials too, includ-

ing quartz, muscovite, and feldspar. Felsic is a portmanteau 

of "feldspar" and "silica." 

 Asthenosphere  

The lithosphere extends to the depth where mantle rock 

becomes brittle and viscous. The lithosphere is strong com-

pared to the layer below: the asthenosphere. At ~80–200 km, 

the asthenosphere is the top layer of the mantle and is rela-

tively ductile, owing to temperature and pressure. 

Although comparatively thin, the asthenosphere has a 
remarkable impact on the mantle. ~ American geophysicists 
Don Anderson & Scott King 

The asthenosphere is a region of concentrated shear 

which distributes heat in the lithosphere according to geolog-

ical patterns in both the asthenosphere and lithosphere. The 

asthenosphere is hotter than the mantle layer below it: so 

sizzling that it is close to, or even at, its melting point. How 

and why that is so is not fully understood. 

The relatively low viscosity of the asthenosphere facili-

tates the movement of continents. It is impossible to imagine 

tectonics with an asthenosphere otherwise. 

The low-viscosity layer in the upper mantle, the astheno-
sphere, is a requirement for plate tectonics. ~ French geophys-

icist David Sifré et al 
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Convection – the flow of heat in mantle material – drives 

tectonics. The mantle transfers heat from the core. 

Heat from the base of the mantle contributes significantly to 
the strength of the flow of heat in the mantle and to the resultant 
plate tectonics. ~ American geophysicist David Rowley 

 Tectonics  

The development of plate tectonics and the differentiation of 
the lithosphere into oceanic and continental components that 
followed were key events in the evolution of the biosphere on 
Earth. ~ English geologists Chris Hawkesworth & Michael 
Brown 

Earth's crust rides on a patchwork of plates, in constant 

motion relative to each other, producing terrestrial effects: 

the lithosphere in motion. 20-some plates slide over the as-

thenosphere, propelled by volcanic heat.  

In plate tectonics, the process by which Earth's surface is con-
stantly being reorganized and rebuilt, surface plates (the litho-
sphere) move over the underlying part of the mantle that is 
actively transporting heat by convection (the asthenosphere).  
~ American geologist Rob Evans 

Plate tectonics is a relatively benign way for Earth to lose heat. 
You get what are catastrophic events in localized areas, in 
earthquakes and tsunamis. But the mechanism allows Earth to 
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maintain a stabler and more benign environment overall.  
~ Australian geologist Peter Cawood 

The intercourse at boundaries between tectonic plates is 

of 3 varieties: divergent, transform-fault, and convergent.  

At a divergent boundary, plates move apart. A piece of 

lithosphere is spawned as plate area increases. 

At a transform boundary, 2 plates rub, in the same or op-

posite directions. Plate area is unchanged. The sideswiping 

commonly creates earthquakes. 

Plates come together at a convergent boundary. One plate 

is subducted: recycled back into the mantle. Plate area de-

creases. 

Converging ocean plates produce deep-ocean trenches 

and island arcs. The Aleutian and Japanese islands are ex-

emplary. 

Converging plates, where one is oceanic and the other 

carries a continent, are marked with mountain ranges and 

ocean trenches. Their collision is celebrated with deep earth-

quakes and volcanoes. The Andes formed from such an event, 

when a subducting oceanic plate dragged South America 

westward, causing the continent to slam into the subduction 

zone. 

Converging plates bearing continents create mountains, 

accompanied by intense deformation and earthquakes. The 

Himalayas are the penultimate example. 

 Continental Drift  

Nobody has come up with a satisfying answer yet on how 
plate tectonics started. ~ American geochemist Kent Condie 

Tectonic plates cannot subduct if the mantle is too hot, as 

plates break up from the heat when going down. The mantle 

of the early Earth was so hot that dynamic tectonic plate flow 

with subduction did not begin until ~3 BYA.  

When Earth's lithosphere was hotter, subduction did not 

drive continental drift like it did later. From 1.7–0.8 BYA, 

Earth's crust was relatively stable, as the stasis of the super-

continent Rodinia 1.1–0.8 BYA illustrated. 
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Since then, the cooling mantle 

shifted the gyre of tectonics. The 

flow of subduction zones became 

increasing active. By 750 MYA, 

with the breakup of the supercon-

tinent Rodinia, the modern sys-

tem of subduction has shaped the 

lithosphere.  

Driven by the tunes of tectonic 

plates, continents dance a slow ballet: coming together to 

form larger landmasses or parting into pieces. This is conti-

nental drift. Shifting plates create an ongoing geological jig-

saw. 

Continental fragments, set adrift by the breakup of former su-
percontinents, can play a major role in the way new material is 
added to a growing continent. ~ Australian geophysicist Nich-
olas Rawlinson 

The global mid-ocean ridge system is an interconnected 

network of volcanoes that produces the oceanic crust which 

covers 70% of Earth's surface. In response to tectonic plate 

movements, lava forms at mid-ocean ridges. 

Rodinia | 1 BYA 
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Earth's lithosphere is constantly reconfiguring and recy-

cling itself, cooking new configurations by convection. A hot 

flow of magma rises to create an oceanic spreading ridge, 

thus forming new surface material. That pushes a plate; per-

haps creating a zone of subduction, where one plate passes 

under another. The upper plate may deform to form moun-

tains. 

Plate motions at the surface cause earthquakes and volcanic 
eruption. The reason plates move on the surface is that slabs are 
heavy, and they pull the plates along as they subduct into Earth's 
interior. So anything that affects the way a slab subducts is, up 
the line, going to affect earthquakes and volcanism. ~ Japanese 
American geologist Lowell Miyagi 

Subduction zones are delineated at ocean trenches, where 

plates sink into the mantle as cold slabs. These slabs can 

break off from their surface plates, altering the driving forces 

of tectonics.  

Slab detachment occurs if thick continental crust, or an 

oceanic plateau, is swept by plate motion into the subduction 

zone, thus plugging it up. Detachment can be accelerated by 

mineral grains in a slab getting smaller during deformation, 

causing the slab to weaken while being stretched.  

This combination of a weakening slab and crustal plugs 

incites abrupt slab detachment (within a few million years, 

which is a short span of geological time). The result can be 

precipitous tectonic plate shifts and rapid continental uplift. 

Subduction is abetted by lubrication in the astheno-

sphere. Water-caused defects in subsurface olivine and heat 

lower the viscosity of the boundary layer beneath plates. Sub-

duction moves vast volumes of water into the Earth. 

A viscous layer of melted rock 10-km thick or more may 

underlie a tectonic plate.  

Subduction is typically slow. The average slab takes 300 

million years to descend. 

Some oceanic slabs, such as the Tonga plate off Japan, 

subduct speedily. These slabs stay relatively cold to great 

depth, which limits the exchange of mineral elements, and so 

helps keep such slabs intact and sliding down. 
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At sufficiently high pressure, minerals mix. The composi-

tion that afforded speedy subduction suddenly leads to a 

rapid rise in rock density. 

Still, a slab is still cool compared to the mantle rock 

around it. The descent of a speedily submerging slab stag-

nates at around 650 kilometers down, as the slab becomes 

relatively buoyant compared to the ambient mantle.  

The same temperature difference that afforded rapid 

descent above inhibits mineral transformation at depth, and 

so impedes penetration into the lower mantle. 

Below 1,000 km, mantle viscosity abruptly increases. At 

1,500 km there is a shallow lower mantle layer with 

impressive density and stiffness. Subducting slabs get stuck 

there.  

Anything that would cause resistance to a slab could poten-
tially cause it to buckle or break higher in the slab, causing a 
deep earthquake. ~ Lowell Miyagi 

The oceanic lithosphere thickens via cooling as it ages 

and moves away from the mid-ocean ridge. The hot upsweep 

of the asthenosphere is converted into lithospheric mantle. 

Recycled mantle and crust from subducted slabs eventu-

ally emerge as new seafloor via eruptions of volcanic vents 

along mid-ocean ridges. The magma in this new plate mate-

rial is 1 of 2 types that come up. The other magma type, 

which emanates from island volcanoes like Hawaii, is dis-

gorged from deeper hotspots. 

Subducted plates create density differences in the mantle 

that affect gravitational pull in the crust. Slabs long buried 

have released water, reducing the density of the overlying 

rock. This result is lowered gravity, which can be accentuated 

if low-density rock is located above, near the surface. 

Smaller hot spots of magma create movements and rifts 

within a plate, or collectively orchestrate continental drift.  

Magma permeates portions of the mantle, shaping its 

structure and distributing materials that cool into different 

igneous rocks.  

From below, the lithosphere is driven by magmatic 

convention currents. Upwelling plumes play a particularly 

powerful role in tectonics.  
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From deep within Earth's mantle, large-scale upwelling 

occurs in 2 places: beneath Africa and the central Pacific 

Ocean. These major upwelling locations have been stable for 

at least 250 million years, despite dramatic reconfigurations 

of plates and continents on Earth's surface.  

Volcanoes have been instrumental in fashioning Earth's 

crust. They reside where tectonics plates are converging or 

diverging, providing raw material for the dynamics of 

tectonics. Plumes from hot spots surge past the crust to the 

surface, creating active volcanoes that add new material to 

the crust. The Pacific Ring of Fire is a seismic belt of hot spots 

that runs from north of New Zealand up through Indonesia, 

Japan, and the Aleutian Islands, then down the west coast of 

the Americas, ending in Southern Chile.  

The key to the origin of the continents and their continu-

ing movements comes in relative density. Basalt sinks. Gran-

ite floats.  

Magmas of basaltic and granitic composition separate 

into layers. Dense basalt sinks back into the mantle, leaving 

the granite floating like a cork, conserved on the surface.  

Subduction shapes the land. Continental landmasses, 

which are less dense than crustal rock, ride passively atop 

tectonic plates. 

A craton is the stable part of a continental plate, gener-

ally in the interior, built upon basement rock. Around a cra-

ton are elongated mountain belts – orogens – formed by later 

episodes of compressive deformation. The youngest moun-

tain-building (orogenic) formations are along the active mar-

gins of continents, where plate movements deform relatively 

weak continental crust. 

You need plate tectonics to sustain life. If there wasn't a way 
of recycling material between mantle and crust, all these ele-
ments that are crucial to life, like carbon, nitrogen, phosphorus, 
and oxygen, would get tied up in rocks and stay there. ~ Scot-
tish biogeochemist Aubrey Zerkle 

 Supercontinents  

Tectonics has reconfigured the continents on Earth over 

the past 3+ billion years, to profound effect on life in the 
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ocean and on land. Convergence to supercontinents has been 

a recurring cycle: roughly every 450 million years. A super-

continent is a landmass comprising multiple continental 

cores.  

Supercontinents in Earth's history include: Vaalbara 

(3.1–2.8 BYA), Kenorland (2.7–2.5 BYA), Nuna (1.9–1.5 BYA), 

Rodinia (1.1 BYA–750 MYA), and Pangea (300–200 MYA). 

Periods of supercontinental cycles — when small continents 
smash together to make large supercontinents, and those super-
continents then rip apart into smaller continents again — could 

Cryogenian | 750 MYA 

Carboniferous | 350 MYA 

Tonian | 1 BYA 

Cambrian | 530 MYA Ediacaran | 600 MYA 

Ordovician | 450 MYA 
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have put large pulses of nutrients into the biosphere and al-
lowed organisms to really take off. ~ Aubrey Zerkle 

The cycle from Rodinia to Pangea is illustrative. Rodinia 

formed 1.1 BYA by accretion via convergent collision of frag-

ments from the previous supercontinent, Nuna (aka Colum-

bia). Rodinia's breakup was underway 750 MYA as plates 

diverged. 

~600 MYA, Rodinia's landmasses reconfigured into a 

short-lived supercontinent: Pannotia. So much landmass was 

around the South pole that there were more glaciers in the 

run-up to and during the time of Pannotia than in any other 

Triassic | 200 MYA 

50 MYA from Now 

Permian | 225 MYA 

Cretaceous | 65 MYA Jurassic | 135 MYA 

Now 
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period in Earth's history: Snowball Earth. Pannotia lasted 60 

million years before breaking into 4 major land masses. 

The plates continued their convolutions during the Palae-

ozoic era, concluding in the formation of Pangea 300 MYA. 

Pangea stayed a supercontinent over 100 million years.  

Then the cycle began again, as Pangea began breaking 

up. The Tethys Ocean shrank as its ocean crust subducted, 

while the Atlantic Ocean grew at a divergent boundary, split-

ting Africa from a nascent North America.  

 

The supercontinent cycle follows a pattern. During 

breakup, rifting dominates; chasms appear as the litho-

sphere is pulled apart. This occurs at active margins which 

are at the leading edge of a continental plate, where subduc-

tion and uplifts occur. An active margin is a subduction zone 

or a strike-slip (aka transform) fault line, where plates rub 

against each other.  

The Dead Sea Transform, which runs from the Sinai Pen-

insula up through southeast Turkey, is a continental strike-

slip between the African plate to the west and Arabian plate 

to the east. Both plates are moving north-northeast, but the 

Arabian plate is moving faster. 

Strike-slip structures also form within continental plates. 

The San Andreas fault in California is an intra-continental 

strike-slip. 

Rampant rifting leads to passive margins, with the ocean 

growing via seafloor spreading. A passive margin is the tran-

sition region between oceanic and continental crust, absent 

an active plate margin. 

Tectonic percussion follows. Island arcs and continents 

bump and grind as a prelude to collisions between continents. 

Continents come together again. 

Thermal dynamics propel the supercontinent cycle. Plate 

tectonics and plume tectonics influence each other. 

The shape of the Earth's surface – its geoid – is highly 

variable. Plume and plate tectonics distort the geoid into 

highs and lows of both height and heat. 

The supercontinent cycle is spurred by continents rifting 

toward geoid lows: cooler, lower areas of Earth's surface. As 
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continents converge into geoid lows, subduction zones con-

centrate around the margins of the emerging supercontinent. 

Cold slabs of ocean crust subduct. As these slabs accumu-

late in the upper mantle, they form a self-organized critical-

ity: eventuating into a massive collapse (avalanche) into the 

lower mantle, toward the mantle-core boundary. This pro-

vokes powerful plumes (superplumes) from below. 

Superplumes rise through the mantle, mushrooming out 

below the lithosphere, causing the upper mantle to dome, rift, 

and melt, creating a geoid high. Massive quantities of basalt 

are produced, accelerating rifting and plate divergence.  

Thusly material is recycled through the mantle, and heat 

convected from the core toward the lithosphere. A supercon-

tinent starts to rift as it becomes a geoid high. The cycle re-

starts. 

Earth is not done with supercontinents. Computer mod-

els suggest that a new supercontinent, dubbed Amasia, will 

form 250 million years from now, in the northern part of the 

globe. 

 Sea Level  

The dynamics of ocean depth and planetary tectonics are 

intertwined, with ocean depth limited by the critical proper-

ties of water. Mid-ocean ridges are typically submerged to a 

depth at which seawater pressure is close to critical: the wa-

ter is almost as dense as physically possible.  

Ocean depth optimizes plate tectonics and the circulation 

of water by the plate system into subduction zones and out of 

andesite volcanoes. Intricate dynamics of plate ingassing and 

degassing balance ocean depth. 

Little continental flooding occurred during the formation 

of the supercontinents Pannotia and Pangea. Conversely, the 

sea-level rise during the Cambrian is attributed to new ocean 

ridges formed from the breakup of Pannotia. Sea levels rose 

during the Cretaceous, in the wake of Pangea's dispersal. 

Sea level is generally low when continents converge and 

high when dispersed. This owes to the dynamics of the oce-

anic lithosphere, which controls the depth of ocean basins by 

conductive cooling and shrinking – decreasing the thickness 
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and increasing the density of the oceanic crust, lowering the 

seafloor away from mid-ocean ridges. As the sea floor drops, 

the volume of the ocean basins increases. 

The age of the sea floor reflects sea level. Hence, there is 

a relatively simple relationship between the supercontinent 

cycle and average sea floor age. With a supercontinent, much 

of the seafloor is old. Sea level is low.  

Conversely, new seafloor is created at mid-ocean ridges 

during continental breakup, which characterizes the world 

today. Generating new sea floor lifts sea level. 

Because continental shelves have a shallow slope, a small 

rise in sea level causes considerable continental flooding.  

The area of global landmasses has varied considerably 

throughout Earth's history, as continental flooding sub-

merges crust from time to time. 

 Submerged Continents  

Not all the continents are large landmasses. A few are 

submerged, including the Kerguelen Plateau and Zealandia.  

The Kerguelen Plateau is in the southern Indian Ocean, 

3,000 km southwest of Australia, about 3 times the size of 

Japan: extending for more than 2,200 km. The plateau was 

born from a hotspot that arose when Gondwana broke up 130 

MYA. Some small islands sit above sea level. 

New Zealand and New Caledonia are the lovely land-

masses representing Zealandia, a largely (93%) submerged 

continental fragment that sank after breaking away from 

Australia 60–85 MYA, after a previous separation from Ant-

arctica 85–130 MYA. 3.5 million km2, Zealandia is nearly half 

the size of Australia. 

The Sunda Shelf extends from the continental shelf of 

Southeast Asia into the Gulf of Thailand to the Sunda Is-

lands, notably Sumatra and Borneo.  

During glacial periods, including the Last Glacial Maxi-

mum (26.5–19.5 thousands of years ago (TYA)), sea level 

dropped, exposing vast expanses as marshy plains. Sea level 

was at a minimum 22 TYA. Humans lived on the Sunda Shelf 

then.  
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In the post-glacial period, sea level rose; at first slowly, 

then moderately, peaking with a rapid rise of 16 meters in 

the 300 years between 14.6–14.3 TYA  

On juicy rumor, Greek philosopher Plato wrote in 360 BCE 

that the legendary island of Atlantis was a conquering naval 

power ~9,600 BCE. According to Plato's myth, after failing to 

invade Athens, Atlantis sank into the sea "in a single day and 

night of misfortune." If there are grains of history in the leg-

end of Atlantis, they rose and sank with Sundaland.  

 Evolutionary Effects  

As a consequence of continental drift, biotas once together 

come apart or vice versa. This drives evolution, though the 

tectonic dynamic is on a much longer time scale than other 

factors more immediately affecting life: the landscape (in-

cluding volcanic activity), atmosphere, and oceans – elements 

which influence climate as a demanding evolutionary impe-

tus. Still, from an evolutionary perspective, tectonics and cli-

mate are 2 of most influential geophysical forces for the 

prospects of life on Earth. Though global climate may gyrate 

without land masses moving, tectonic changes have invaria-

bly caused major shifts of climate. 

0.8 to 0.5 BYA, the planet experienced an extraordinary 

epoch, termed Snowball Earth, featuring 3 episodes of near-

global glaciations. Thanks to the anomalous behavior of wa-

ter, the planet was able to break its frozen grip.  

Unlike most molecules, water's solid phase is less dense 

than its liquid phase. If ice did not float, the oceans would 

Sea Level Rise 

(mm) 

200 

100 

1880 1950 2010 

Thousands of Years 

Ago 

0 20 10 
0 

(m) 
150 



 The Web of Life 101 

have frozen from the bottom up, with the world long locked 

in ice. 

Lacking sufficient mass of photosynthetic organisms to 

soak up all the atmospheric carbon dioxide from volcanic 

emissions, an energetic greenhouse effect developed, result-

ing in rapid melting. Volcanoes sated the seas with helpful 

chemicals, including phosphate. In the wake of Snowball 

Earth multicellular organisms proliferated.  

Beyond tectonics (including volcanism) and climate, an-

other major impact on life has been bolides. Though the age 

of dinosaurs was coming to a close on some continents due to 

tectonic shifts, the end was hastened by a strike from space.  

Mammals began to thrive when biomes were particularly 

fragmented. Relative isolation from dinosaur dominion al-

lowed a new evolutionary lineage to emerge. 

Old and New World monkeys came from the same stock 

but followed independent paths as South America and Africa 

drifted apart some 50 MYA. The marsupial mammals of Aus-

tralia evolved in isolation from placental mammals as the is-

land continent drifted out to sea more than 60 MYA. 

India crashed into Asia 45 MYA, creating the Himalayas, 

and inciting an exchange of life. Africa and Eurasia made 

contact 18 MYA. Primates joined other species making a 

south-to-north migration, while many antelope species 

moved the other way.  

The Americas came together ~3 MYA at the Panamanian 

Isthmus, facilitating an exchange of species that had evolved 

separately for millions of years. This was the Great American 

Interchange. 

 Continental Stock Exchange  

Complex evolutionary dynamics ensue after isolated con-

tinents unite. Many South American (Neotropic) mammals 

went extinct during the Great American Interchange. North 

American (Nearctic) carnivores rapidly occupied South 

American predatory niches.  

Geography favored the Nearctic invaders. Any species 

reaching Panama had to be able to tolerate humid tropical 
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conditions. Species heading south would then encounter cli-

mates in South America that were not markedly different. 

Conversely, heading north meant heading into the cooler 

and/or drier conditions found in the Sierra Nevada volcanic 

mountain range that runs across central-southern Mexico.  

This climatic asymmetry was particularly hard on Neo-

tropic species, which had specialized for the tropical rainfor-

ests. They had little prospect for getting beyond Central 

America. Central America currently has about 40 mammal 

species originating from South America compared to 3 Nearc-

tic species. 

There were exceptions to Nearctic takeover. A few Neo-

tropic immigrants prospered. Porcupines and opossums be-

came conspicuously successful northward migrants. The 

naturally armored armadillo fared fairly well too. 

A broader historical perspective also factors in on the lop-

sidedness of the Great American Interchange. During the Ce-

nozoic era (65 MYA–10 TYA), North America was periodically 

connected to Eurasia via Beringia: the Bering land bridge be-

tween Siberia and Alaska, which was at times 1,600 kilome-

ters wide.  

Beringia allowed multiple migrations back and forth. In 

turn, Eurasia was connected to Africa, adding further to the 

mix of species into North America. 

On the other end, South America was connected to Ant-

arctica and Australia, 2 much smaller continents, only dur-

ing the earliest part of the Cenozoic. Further, this land 

connection carried little traffic; no mammals save some mar-

supials and a few monotremes (egg-laying mammals). 

In sum, Nearctic species were descendants of a more com-

petitive arena: an ideal setup to quicken evolutionary pace. 

Nearctic animals tended to be smarter and more efficient; 

generally able to outwit and outrun their Neotropical coun-

terparts. Neotropic ungulates (hoofed animals) and their 

predators were replaced wholesale by Nearctic invaders. 

Many of the Nearctic mammals speciated as they popu-

lated South America. This diversification dynamic is typical. 

Hominids speciated as they spread into Eurasia from Africa, 

as did antelopes as they diffused and thrived throughout Af-

rica. 
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Sea levels and glaciation also define biotic isolation or 

connection. Beringia appeared at various times during the 

Pleistocene epoch ice ages, 2.6 MYA to 11 TYA. Humans mi-

grated from Asia into the Americas over Beringia 26–20 TYA. 

 Continental Rift  

Besides shuffling landmasses to profound effect, plate 

tectonics alter the ecology within a continent. Geological 

events in east Africa affected an epicenter of hominid evolu-

tion. 

45 MYA, much of Africa was fairly flat, carpeted west to 

east in tropical forest in the equatorial region. A complex pat-

tern of mantle circulation and plume development started 

30–40 MYA in east Africa.  

4 phases of movement in the African plate near Lake Vic-

toria resulted in uplift and rift shoulders. The rifting was fa-

cilitated by the continental crust in that region being thin 

and so readily subject to deformation.  

By 20 MYA, 2 major rifts had developed: an eastern 

branch, through Ethiopia and Kenya, and a western branch 

that formed a giant arc from Uganda to Malawi, intercon-

necting the rift lakes of eastern Africa.  

This continental rifting altered vegetation patterns. Con-

tinuous forest fragmented into a patchwork of woodlands 

that came to include grassland savanna. 

Habitat fragmentation and geological transformation en-

couraged allopatric speciation: evolution owing to isolating 

populations. Further, as the terrain became diverse, so too 

the local climates, ranging from hot, arid, lowland deserts to 

cool, moist highlands, along with various habitat types in-be-

tween these 2 extremes. 

Every species is limited in its environmental tolerances, 

from temperature and terrain to water availability. Animals 

depend upon plants, so vegetation greatly defines a biome. 

While tolerances vary among species, with some species able 

to live in multiple niches, a topographically diverse area nat-

urally begets biotic diversity. 

In addition, topographic variability creates barriers to 

population migration. A species adapted to higher elevation 
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may not migrate from one highland to another because the 

terrain in-between is inhospitable. Population isolation pro-

vides opportunity for localized adaptation. 

The tectonic uplift and faults that formed the Great Rift 

Valley in east Africa created conditions conducive to adapta-

tion by an ape into species capable of surviving in a broader 

range of biomes. The story of human descent had a compli-

cated plot. That withstanding, climate by way of topology im-

pacted hominid evolution, as it commonly does with life on 

land. 

 Climate Cycles  

Earth cycles between 2 global climates: icehouse (aka ice 

age) and hothouse (aka greenhouse). Both reflect the super-

continent cycle. 

 Into Icehouse  

Continents converge during icehouse. Sea level is low, ow-

ing to little seafloor production. Climate is generally cool and 

arid. Continental ice sheets are present, which wax and wane 

between glacial (ice age) and interglacial (temperate) periods.  

Ice sheets build and retreat during glacial and intergla-

cial periods, respectively. These periods owe to Milankovitch 

cycles: changes in Earth's orbit, tilt, and proximity to the Sun 

(Earth has an elliptical orbit). 

Icehouse climate tends toward cool and arid. Icehouse has 

occurred in only 20% of Earth's history. 

 Heading to Hothouse  

The emergence of humans was largely during a green-

house interlude (interglacial) in an icehouse period. The 

world is now rapidly heading toward hothouse. This coincides 

with the continents coming apart. Sea level rises with sea-

floor spreading. Oceanic rifting zones release CO2. 

Heading to hothouse, glacial melt adds to sea level rise. 

During hothouse, there are no continental glaciers whatso-

ever. 
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There is a feedback loop between sea level and glaciation. 

Inching into icehouse, lowering sea level, coupled with cooler 

global temperature, causes marine ice sheets to grow. A cool-

ing climate grows terrestrial ice masses, which initiates sea 

level fall (regression). 

The reverse loop, transgression (sea level rise), also be-

gins with climate change. Marine ice sheets and terrestrial 

glaciers melt. Sea level rises. 

Transgression has been ongoing for the past 18,000 years, 

since the peak of the last ice age. That trend is now acceler-

ating.  

Human activities have instigated warming feedback 

loops via greenhouse gas emissions and deforestation. The 

pronounced locuses are the polar regions, most notably ice 

loss. These are driven by warm currents melting the under-

sides of ice shelves.  

Changes in global patterns cause extreme weather events 

around the world. Not all correspond with heat. Bitter winter 

storms bite into North America as the jet stream weakens, 

allowing frigid Arctic air to dip deep into the United States.  

Rising temperatures in the Arctic are causing tundra 

wildfires to become more common. Smoke from the fires drift 

over the Greenland ice sheet, where the soot tarnishes the ice 

with its dark mark. 

Soot is a powerful light absorber. As soot settles over the 

ice and captures the Sun's heat, it accelerates ice melt. 

The atmosphere and ocean are both fluids with thermally 

driven circulatory systems. As with the atmosphere, ocean 

circulation patterns change during climate cycles. 

 Antarctic Gyre  

From 1960–2010, winter temperatures on the Antarctic 

Peninsula rose 6 ºC. That put glaciers into retreat.  

Correspondingly, wind patterns shifted. Antarctica’s cli-

mate is strongly affected by westerly winds which buffet the 

Southern Ocean. 

Warmer water toward the tropics heats the overlying air, 

which rises, expands, and meanders south. The subtropical 
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jet stream off eastern Australia gives the warm air mass a 

push in the same direction as the Westerlies. 

Concurrently, high atmospheric pressure over the mid-

latitudes pushes air toward the poles. Part of this comes from 

the El Niño–Southern Oscillation (ENSO) dynamic, which 

couples temperature changes in the ocean to changes in the 

atmosphere, and thereby governs tropical eastern Pacific 

surface water temperature. 

Winds rushing south turn eastward with Earth’s rota-

tion. With the warming, air pressure along the Antarctic 

coast has lowered, strengthening the Westerlies, and driving 

them farther south. This brings more warm air to the Ant-

arctic Peninsula, reinforcing the dynamic. 

Winds drive deep-ocean currents. Over the Southern 

Ocean, the Westerlies produce the strongest ocean current on 

the planet: the Antarctic Circumpolar Current. As much as 4 

km deep and 1,000 km wide, this current moves 127 million 

tonnes of water per second.  

Less sea ice, stronger winds, and changed currents cause 

seawater to mix more deeply. This churns sunlight-depend-

ent phytoplankton into the ocean’s depths. As a result, phy-

toplankton biomass declined 12% from 1980 to 2010.  

Loss of phytoplankton means fewer krill and fish larvae. 

These creatures are also getting hammered by the loss of sea 

ice, which hides them from predators. Losses on the lower 

trophic levels diminishes prospects on up the chain, thus 

warping the food web. 

The Southern Ocean is a carbon sink: accounting for 40% 

of total global ocean uptake of atmospheric CO2. Deeper 

ocean mixing means stronger upwelling. Stirring carbon-

laden waters from the depths toward the surface increases 

carbonate levels there, leading to carbon outgassing. This too 

serves as a warming feedback loop. 

 El Niño & La Niña  

El Niño is a periodic climate pattern in the tropical Pacific 

Ocean which presents high surface air pressure in the 

western Pacific along with warm ocean surface current in the 

eastern Pacific Ocean. 
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The trade winds across the tropical Pacific typically blow 

from east to west, keeping surface water in the central and 

eastern Pacific slightly cooler, while warm water accumu-

lates on the western side, toward Indonesia. When these 

winds weaken, waves of warmer water slowly make their 

way eastward along the equator toward South America. This 

can initiate an El Niño or feed one that has already started. 

As the ocean is a tremendous reservoir of heat, water 

even a few degrees warmer can toast the air above it. During 

an El Niño, the waters in the warmer central-eastern Pacific 

take over as the engine driving the wind pattern known as 

the Walker circulation. 

Historically, an El Niño has formed every 2 to 7 years, 

when Pacific winds shift massive pools of warm water, 

scarcely submerged, eastward. The warm water surfaces, re-

leasing its heat into the atmosphere. This causes global shifts 

in storms, rainfall, and temperature. 

El Niño pushes up global surface temperatures, birthing 

deluges in southeastern South America and western North 

America, while bringing drought to India, Australia, Indone-

sia, and southern Africa. 

Global warming has been weakening the Walker circula-

tion and shifting it eastward for the past century. This is de-

creasing rainfall in the western Pacific, around Indonesia, 

and increasing it over the central Pacific Ocean.  

Winds make all the difference in the intensity of an El 

Niño. Wind patterns around the world are driven by an intri-

cate complex of factors. 

In 2014, an especially intense El Niño seemed to be in the 

works, as warm Pacific Ocean sloshed eastward. But that 

July, serious winds pushed westward, thwarting the budding 

El Niño from building. Those same winds prevented stored 

ocean heat from being released. 

In a sense, we dodged a bullet in 2014 by not having a mon-
ster El Niño. But that was short-lived, because the conditions 
that shut that developing El Niño down set up the big one in 
2015. ~ American oceanographer Michael McPhaden 

In March 2015, the lingering heat gave that year's El 

Niño a jump-start into extremity. Abetted by the right winds, 
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the 2015 El Niño that ended in May 2016 was full strength. 

The world's coral reefs suffered terribly.  

Global temperature peaks typically occur toward the end 

of an El Niño, but every event has its own quirks. 

With warmer oceans, the world's basic climate gyre is 

changing. It is likely strong El Niños will become more 

frequent, and that weather events unleashed by them will 

intensify. 

La Niña is the opposite oscillation to El Niño: cold water 

in the eastern equatorial Pacific Ocean (by 3–5 ºC) and low 

air pressure. A La Niña often follows an El Niño, though not 

always. 

La Niña commonly causes drought in the western Pacific 

and southeastern United States, flooding in northern South 

America, and mild wet summers in northern North America. 

The cycles of El Niño and La Niña have recurred for many 

thousands of years. The impact of global warming on these 

patterns is not known. 

 

The levels of greenhouse gases (carbon dioxide, water va-

por, and methane) are high during hothouse. The atmosphere 

becomes increasing hot and humid. The oceans warm more 

slowly. Ocean warming begins long before its pronounced at-

mospheric expression, as the oceans are a vast heat sink. 

Volcanic activity can cause short-term variations in cli-

mate. Conversely, quick global temperature rises and associ-

ated rapid ice melting, as in current times, incites volcanic 

activity.  

Sea level rises as continental glaciers melt. The weight on 

continents lessens, while the pressure on oceanic tectonic 

plates increases. This changes the pattern of crust stresses, 

opening more routes for ascending magma. 

This gyre also increases seismic activity. But falling wa-

ter on land can have its own immediate effect. Heavy rainfall 

tamps the velocity of seismic waves during earthquakes, 

slightly lessening their severity.  
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Icehouse and hothouse are geological time scale trends 

typically lasting many millions of years. These long-term cli-

matic cycles have had a dramatic effect in shaping the evolu-

tion of life, as have shorter climatic cycles when abrupt. 

 Biota  

All species are embedded in complex networks of interac-
tions. ~ English ecologist Michael Pocock 

There are 2 primary drivers of evolution: tolerance to en-

vironmental conditions and the ability to procure metabolic 

energy. Adaptation to the environment is expressed in myr-

iad ways; likewise, energy procurement. 

For those that can't live off water and sunshine, meeting 

trophic needs is multifaceted, but boils down to what's 

around to put on the menu. Animals adapt to consume oth-

ers. 

 Food Web  

Plants play a vital role in the flow of energy through all eco-
logical cycles. The whole system of life rests solidly on their 
industry, without which the evolution of many other organisms 
could not have occurred. ~ English biologists Martin Ingrouille 
& Bill Eddie 

One way in which biota are categorized is by their con-

sumptive role in an ecosystem: as giver or taker. Producers 

are primarily plants, along with marine algae. These are self-

nourishing life: autotrophs requiring only what the Sun and 

inorganic elements provide.  

Almost all other life are consumers: 

unable to fix for themselves the carbon 

needed to sustain their lives; so they 

consume other organisms. Consumers 

(heterotrophs) are generally 

recognized by primary feeding 

preference: herbivore, omnivore, or 

predator. 

Preference is not always imme-

diate necessity. Grizzly bears are 
Trophic Pyramid 

Predators 

Herbivores 

Producers 

Top Predators 
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considered carnivores, but can subsist on grass, at least for a 

while. A grizzly won't last the winter if not fattened by eating 

much richer. 

As consumers all eat other life, heterotrophs form food 

chains: hierarchies of consumption based upon who eats 

whom. Herbivores eat producers. Omnivores willingly eat 

producer or consumer.  

At the top of the food chain are carnivorous predators, 

which eat other animals regardless of its prey's food prefer-

ence. Predators live off the flesh of others. Top predators are 

at the apex of the food chain. 

Saprovores (aka detrivores), notably bacteria and fungi, 

delight in decaying organic matter, regardless of its origin as 

producer or consumer.  

Saprovores are often first on the scene for a meal of car-

rion, but last in the trophic chain: the final consumer. Micro-

bial saprovores are also known as decomposers. 

Hierarchical food chains are aggregately stratified into 

trophic levels: a trophic pyramid.  

The only things chewing into top predators are parasites 

and pathogenic microbes, in a process termed disease. By al-

tering the interactions that occur between organisms at 

every level of the trophic pyramid, parasites and pathogens 

play an invisible but important role in food web dynamics.  

The map of consumption among a biome's biota is a food 

web, ranging in trophic flow from producer to consumer to 

decomposer. The food web is an intricate gyre. Diminishment 

of one biotic element in a food web can have rippling cascade 

effects, especially if the loss occurs lower on the food chain.  

The turbulence of seawater affects how well marine bac-

teria are able to absorb nutrition. This stir can spill over onto 

the trophic abundance for animals that live further up the 

food chain. 

 Pacific Salmon  

Of all species living in and beside the river, the salmon is the 
most beautiful. ~ Canadian author Bruce Hutchison 

The temperate coastal rainforest of British Columbia has 

some of the oldest and largest trees on Earth: up to 90 meters 
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and 1,500 years old. The trees are 

watered by a network of rivers and 

tributaries and fertilized by the 

fish in them. 

Pinkish pearls placidly float under gravel in a Pacific 

Northwest cold-water stream; the peaceful beginning of an 

otherwise tremendously turbulent life. Eggs are laid in the 

fall, and incubate over the winter, typically protected under 

a layer of snow and ice. 

In late winter, the eggs hatch into alevins: tiny aquatic 

beings with enormous eyes, secured to bright orange sacs 

which are their food supply, which is a perfectly balanced 

diet. A good flow of pure water is essential to alevin survival. 

Having eaten their sacs away, alevins emerge as fry in 

May and June. Free-swimming fry, some 2.5 cm long, are a 

tasty treat for larger fish. Mortality is at its highest at this 

stage.  

Fry stay briefly where they hatched. They then travel 

downstream to the river, or upstream to a lake, depending 

upon the species; lingering from a few days to a year or more, 

as fingerlings that grow to 10 cm. 

In a process called smolting fingerlings undergo physio-

logical changes that enable them to survive in salt water. 

During the season of freshets – in the spring, with the rising 

of the river from snowmelt – smolt head to the sea. 

Salmon savor their maturity in the ocean, growing rap-

idly by eating greedily on plankton and smaller fish, such as 

krill, herring, and pelagic amphipods (small crustaceans). 

Some species spend up to 8 years at sea, traveling in schools 

for thousands of kilometers throughout the north Pacific. 

There are 5 known Pacific salmon species: chinook, chum, 

coho, pink, and sockeye.  

Pink are the smallest adults (1–2.5 kg), and the most 

abundant. Their life cycle is but 2 years. 

Coho are bigger than pink (2–4.5 kg average, though up 

to 9 kg may occur), and much more powerful swimmers. Coho 

can negotiate their way up waterfalls that pink could not 

dream of surmounting. Coho stay at sea 2 or 3 years before 

returning to spawn. 
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Chum have the widest distribution, and the 2nd-largest 

size (20 kg). Chum fry migrate directly to the sea soon after 

winning their fins. Their return to spawn varies from 2 to 7 

years. 

Sockeye are the most varied species by both look and life-

style. The small kokanee (35 cm) live their lives in freshwa-

ter, never going to sea. Anadromous (migrating) sockeye 

spend a year in a freshwater lake after emergence, then 1 to 

4 years at sea before returning to spawn. 

Chinook adults can reach 45 kg. Chinook migrate to sea 

in their 1st year, typically within 3 months after becoming 

fry, but then spend much of the adulthood – 2 to 5 years – in 

coastal waters. They return to their natal river in the autumn 

to spawn. 

Salmon are gregarious, with social ranking roughly cor-

responding to size. Top-drawer salmon are first to grab choice 

food morsels and are less likely to be preyed upon. Socially 

dominant chum salmon tend to have pronounced vertical 

markings, whereas subordinate chums are predominantly 

marked by horizontal patterns. 

Migrating salmon are particularly susceptible to preda-

tion, so, while normally swimming at shallow depths, they 

prefer having a deep-water retreat in case of attack. The 

flashy sides of salmon can act as an illusion to confuse a pred-

ator, which may mistake a salmon for a much larger preda-

tor. 

Ultimately, after years in coastal waters, if not out in the 

open sea, the biological clock goes off with the urge to spawn. 

Sexual maturity is typically felt at the onset of summer, 

though the time of year varies by species. 

In preparation for their journey home, salmon separate 

into groups by native stream.  

To facilitate their migration, Pacific salmon are born with 

an inherited magnetic map that allows them to knowledgea-

bly navigate via geomagnetism.  

Salmon sight is excellent, but nearsighted: 1 meter max 

in front of them. Perception of details is sharp. Salmon can 

see a full spectrum of colors: red, green, blue, and ultraviolet.  
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Salmon also have a terrific sense of smell. They can detect 

a drop of their home stream among 760,000 liters of sea wa-

ter: 1 part in 100 million. In migrating to spawn, salmon hone 

in on their natal home by its smell.  

Salmon also have sensitive tastes; but then, taste is an 

adjunct to smell. 

Salmon hearing – via tiny inner ear bones termed otoliths 

– is attuned to high frequencies. Salmon also have the lateral 

line common to fish; especially apt for detection of nearby 

movement at the side, and for lower frequencies. The 2 

perceptions mentally converge to provide senses of balance 

and depth. 

Fish use the lateral line to localize the source of sudden 

sounds, and, more generally, to detect flows of water like we 

sense slight air flows. Fishes' sense of their watery 

surroundings is analogous to land animals with an 

atmospheric environment. Evolution has respectively honed 

perceptiveness for both fluid mediums. 

Salmon possess a well-developed sense of touch. They are 

quite sensitive to tactile sensation. 

In the brackish waters before reentering freshwater, 

salmon go through profound physiological changes once 

again. The bodies of both sexes metamorphize for the trip 

home: toughening up, as well as transforming. Salmon skin 

thickens significantly to survive the upcoming battering on 

the rocks. 

Some changes give females an advantage. Males grow a 

humped back, particularly noticeable in pink salmon – a han-

dle that makes them more likely to be snatched up by preda-

tors. Males also turn a bright red; alluring to females, but 

also raising the risk of being easily spotted by predators.  

Males widen into sumo form, making them more difficult 

for other males to wrestle with in the upcoming mating con-

tests. Female abdomens swell, while their gums recede to ex-

pose their teeth. 

Pacific salmon may travel up to 3,000 km to reach the 

same spot where they spawned. Arduous is an understate-

ment for what the trip takes – "astounding stamina" a re-

straint of expression.  
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Salmon must swim upstream against a strong current, 

and repeatedly jump waterfalls of impressive heights: what 

to a human would be equivalent to leaping a 4-story building. 

Salmon may clock up to 32 kilometers per day in upstream 

travel. 

They do this on little food. Many eat nothing on the trip 

home. Salmon may use up to 96% of their body fat in their 

marathon swim to their birthplace. 

Salmon do take shortcuts, though the term is a laughable 

euphemism here. Salmon sometimes swim in tight schools 

upstream, the ones behind drafting on the wake of the 

chargers ahead. Lingering behind larger fish can reduce wa-

ter drag by 50%. 

Sockeye salmon may struggle upstream for a dozen days 

before taking a break; slipping into a side stream for a snooze. 

Many rest before leaping rapids. 

The need for salmon to reach their birthplace to spawn is 

legend. But some salmon will settle for less. 

Pink salmon seem less attached to their birth stream 

than other species. They have been seen spawning some 560 

km from their natal nursery. 

The way home is treacherous. Hungry bears, subsisting 

on grasses and greens before the arrival of salmon, wait in 

the streams to snatch salmon on the fly, or step on them in 

shallow waters as salmon take a siesta, before grabbing them 

up for dinner. Salmon are safe from bears in deeper water, as 

bears don't like to get their ears wet. 

Bears' demand for salmon is ravenous. A single bear may 

kill 1,000 salmon or more during spawning season to fatten 

itself for winter. Bears depend upon the salmon run to 

survive the winter's cold. 

Other mammals and birds also make a feast of salmon on 

the run. Bald eagles snatch salmon out of streams from the 

skies. Salmon are a mainstay of the river otter diet, but run-

time is an especial time of easy pickings. 

Many species rely upon bear leftovers. Secondary scav-

enging feeds a host of animals: wolves, raccoons, shrews, and 

other small mammals, as well as numerous birds, less adept 

than eagles in their ability to order salmon takeout. 
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Mottled and tattered, nearly depleted to sinewy swim-

ming skins, the remaining salmon reach their natal nook. 

The males compete for the haggard females with threat dis-

plays, jostles, and fights. 

Females require courtship before committing to digging a 

nest. A male dances in the water nearby, then slides over a 

female's back in a caress. A male's change to bright coloration 

before the swim upstream, whatever the enhanced risk of 

predation, now pays off in female appreciation. 

Fights between the females for prime nesting sites is com-

mon. They will bite at each other: at the gills or tearing at 

the tail to win an appealing nesting spot. 

Salmon are fussy about where they mate. The water must 

be clear, cool, fast-flowing, and devoid of predators. The 

gravel must be pebbles rather than smallish stone bits. 

A female prepares a nest in the streambed gravel by 

sweeping digs with her tail. The task may take days. By the 

time she is done, her tail is typically frayed and torn. 

Meanwhile, as a tension reliever, some nerve-racked 

males may dig nests of their own. These never get used for 

eggs, but this displacement behavior takes the edge off the 

wait. 

When ready, a female bends her body into a U, dropping 

her anal fin into the nest as a tempt. This positioning excites 

the male. He hovers close by. Upon his approach, she dips her 

back fin in again. 

Often both of the mating salmons' mouths open from the 

tension release. With a delicate quiver, the female lays her 

eggs, which a male duly fertilizes with a cloud of sperm (milt). 

Salmon sex per se may take less than 20 seconds. 

Depending upon the species and size, each female has 4–

5 nests, laying 500–5,200 eggs per nest. Each male milt is 

loaded with 50 million sperm. 

The female then carefully covers the eggs by fanning 

nearby gravel with her tail. She then builds her next nest a 

bit upstream. This routine is repeated until she is exhausted. 

The set of nests, a female's redd, are her legacy. 

A mother-to-be may have enough energy to guard her 

redd for a few days, adding gravel and chasing off other fe-

males that might disturb her nests, to try to replace them 
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with their own. Eventually she joins others rocking in the 

wake of the river, awaiting her last breath. 

Males that outlast their mates will try for another mate: 

another ticket in life's lottery. Only 1 in 2,000 eggs that hatch 

survive to spawn. That's after the 85–90% of eggs that die 

before hatching. 

The urge to live is strong, even as the life force is waning. 

Some exhausted salmon struggle to the center of the stream, 

where the water flow is strongest, and life-giving oxygen 

rushing over their failing gills the richest. 

All these moments will be lost, in time, like tears in rain. Time 
to die. ~ Roy Batty in the movie Blade Runner (1982) 

 

Pacific salmon live a much more dramatic life than their 

Atlantic cousins, which face a relative jaunt upstream to 

spawn. Some 6% of Atlantic salmon survive spawning and 

return to the sea.  

In the Pacific, some steelhead salmon may live to return 

to the sea. Some 6–30% of those that do may make one more 

spawning trip home to freshwater. 

Gulls, bears, and other animals rely upon the short sum-

mer buffet of salmon to survive the rest of the year. Salmon 

predators move from stream to stream, following the slightly 

warming water temperatures that trigger spawning at differ-

ent locations.  

This hydrological diversity in the network of spawning 

streams affords a tripling of the time that salmon eaters en-

joy: from a few weeks to 3 months or more. This is possible 

because the streams are but a kilometer or 2 apart. 

Courtesy of bears, salmon play an outsized role in grow-

ing the gigantic coniferous forests that filter the snowmelt 

into the pure water that flows past their eggs. Having 

snagged a snack, bears casually haul their salmon into the 

woods. Facing overwhelming abundance, bears are sloppy 

eaters: consuming less than 25% of the biomass they have 

caught. Large chunks are left uneaten. 

Rich in bio-nutrients, caught salmon fertilize the firs and 

pines after feeding the insects that swarm on the carcasses. 
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Salmon discards by bears are equivalent to 4,000 km per hec-

tare of commercial fertilizer, though much more valuable in 

readily accessible nitrogen.  

20% of the streamside nitrogen in the soil comes directly 

from the decayed salmon; 20–30% from the insect consumers 

of the bears' leftovers. 

Kneeling angelica are 1- to 2-meter plants that reside 

near salmon streams. They produce clusters of tiny white 

blossoms, but quite late in the season, long after most polli-

nating insects are gone.  

Blow flies lay their eggs on salmon carcasses. Before lay-

ing their eggs, the blowflies feast on nectar and spread pollen 

from the only flower about: kneeling angelica. 

Dead salmon left in the stream provide food for emerging 

alevin. Juvenile salmon grow twice as fast in streams rich 

with salmon carcasses.  

Part of the growth effect is indirect. Solvent salmon are 

savored by plankton, thus providing a food source for the fry 

of the next generation. 

Salmon are prey in freshwater. They are predators only 

in the ocean. 

In the finale, salmon returning from the sea to spawn in-

land represents a substantial transfer of nutrients from the 

ocean to terrestrial life. In life and death, salmon are a key-

stone species. 

 Oceanic Life  

The oceans are diverse but sparsely populated; altogether 

holding only half of the planet's biota.  

Of the 33 animal phyla, 30 are ocean residents; 15 exclu-

sively so. Only 16 phyla are on land or freshwater, and only 

one is exclusively terrestrial. 

The land is a more competitive biome. Thus, while oceanic 

phyla diversity is considerable, species diversity is sparse.  

5 to 50 million macroscopic terrestrial species exist, 

mostly vascular plants and insects, which are the land's ear-

liest large inhabitants. In the oceans, an estimated 450,000 

species are extant; a figure unlikely to break 1 million at 

most, microbes excluded.  
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The air and ocean as much different media go a long way 

to explaining how life differs between the two. Seawater is 

800 times as dense as air, and vastly more viscous. 

Sunlight does not penetrate the deep, and so most marine 

organisms are found in the upper waters, feeding on the 

plankton and those that feed on the plankton. 

Phytoplankton are crucial oceanic producers. Their den-

sity varies by region, as they depend on certain nutrients, no-

tably B vitamins. Without enough vitamins in the water a 

local food web is never spun. 

The large algae and aquatic plants that dwell on the bot-

tom do so only in shallow coastal waters, and so contribute 

little to overall bioproductivity. 

The ocean lacks much plant life because it lacks vital nu-

trients. Nitrogen and phosphorus are only 1/10,000th of that 

found in fertile soil. Whence the happy evolution of land 

plants. The more abundant and relatively long-lived terres-

trial producer base explains the grater fecundity of animal 

life on land. 

Unlike terrestrial trees that may survive for centuries, 

plant life turnover in the ocean is rapid. Dead oceanic organic 

matter, mostly phytoplankton and zooplankton, drop into the 

deep and dissolve. This marine snow is part of the food web. 

Before heading into the deep, let's first glance a life near 

the surface of the seas. 

 Coral Reef Gardeners  

Coral reefs are the rainforests of the sea; forming some of 

the most diverse ecosystems on Earth. Though they occupy 

less than 0.1% of the world's ocean surface, coral reefs are 

home to 25% of all marine species. Coral is one of the most 

important keystone species on the planet. 

Paradoxically, coral reefs flourish even when surrounded 

by otherwise nutrient-poor water. They can do so because of 

their little friends. Coral have beneficial viruses, bacteria, al-

gae, and fungi as microbial symbionts (microbiome). 

Colorful damselfish live in tropical coral reefs. They eat 

small crustaceans, plankton, and algae. But not just any al-

gae. Damselfish lack the digestive enzymes to consume many 
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kinds of algae. But red alga is scrumptious. So damselfish 

cultivate gardens of red alga on the reefs. They pluck un-

wanted algae varieties from their territories and dispose of 

them at a distance. They weed out invasive plants. They 

chase away troublesome invaders, such as sea urchins, which 

would trample their fields. Protected red alga turfs thrive, 

affording damselfish abundant dining on one of their favorite 

foods. 

 Cleaner Fish  

Punishment can help to sustain cooperation where it would 
otherwise fail. ~ English zoologist Nichola Raihani 

Cosmopolitan coral reefs make an irresistible place for ec-

toparasites to feed. Fortunately, blighted fish can get cleaned 

free of charge. Cleaner fish, such as the cleaner wrasse, work 

hard at keeping their clients unsullied.  

Cleaning is competitive. Cleaner fish provide a higher-

quality cleaning service when competitors are around. 

An individual wrasse inspects as many as 2,300 fish a 

day, consuming up to 1,200 parasites from clientele. This 

sums to 7% of a wrasse's body weight. 

Each male cleaner wrasse holds a territory which encom-

passes several female breeding partners. For cleaning ser-

vices, cleaner wrasse often work in pairs: a male and a 

female. 

Although the service that cleaner wrasse provide is re-

moving skin ectoparasites, they prefer to feed on client tissue. 

A client won't sit still for that.  

In order to receive a good cleaning service, clients require 
cleaners to cooperate by feeding against their preference. Cli-
ents achieve this either by avoiding cleaners they observe cheat-
ing other clients, avoiding cleaning stations where they have 
received a poor service in the past, or aggressively punishing 
cheating cleaners. ~ Nichola Raihani 

Male wrasse keep their ladies in line; punishing them for 

cheating by aggressively chasing after them. The larger the 

client, the more esteemed. To females who cheat, male clean-

ers mete out a level of punishment commensurate with how 

valuable the client was.  
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Female wrasse may switch sex if they become as big as 

their partner. This is the real incentive for male wrasse to 

keep females in line, beyond the immediate problem of losing 

clients. A female that eats too well becomes a competitor. 

In contrast to wrasse, Caribbean cleaner gobies do not 

change sex. Male gobies do not punish females that cheat. 

 

The service provided by cleaner fish is invaluable to cli-

ents. Fish that fail to go to the cleaners have 5 times as many 

ectoparasites as those that do. 

Fish cleaning is not without hazard, and not just from 

snappy clients or greedy workmates. Cleaner shrimp form 

monogamous pairs that claim exclusive service areas. Com-

petitors are eliminated, typically during the night while 

shedding old skin, when they are momentarily more vulner-

able. 

 Jellyfish  

There's still a lot we don't know. ~ Australian marine biolo-
gist Julie McInnes in 2018 

The marine food web is little understood. Biologists long 

ignored the abundant jellyfish, as the gelatinous animals are 

95% water and provide scant calories. 

Jellyfish are ubiquitous in the world's oceans and can occur 
in very high densities. Yet they have long been considered 
trophic dead ends that are ignored by most predators because 
of their low nutritional content. ~ Australian marine biologist 
Graeme Hays 

Many sea creatures, from tuna to turtles to penguins, 

seek jellyfish to eat. 

The more we look, the more animals are feeding on jellyfish. 
They're absolutely, really important. ~ Irish marine biologist 
Thomas Doyle 

There's a lot more to jellyfish than jelly. Our perception has 
switched hugely. It's almost a reboot of jellyfish ecology as a 
central part of the ocean system. ~ Irish marine biologist Jona-
than Houghton in 2018 
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The ocean is temperature-stratified (thermoclines). The 

uppermost shell is warmed by the Sun, at least in the tropics.  

Just below is a mixed surface layer. Winds and tides mix 

the water, but the biota there also do their part, including the 

copious congregations of jellyfish. Even zooplankton are sub-

stantial contributors to the mixing. All told, life in the near-

surface layer contributes as much to mixing as the wind and 

waves. This mixing provides for both oxygenation and distri-

bution of warmth to a greater depth. 

Below the thermally mixed layer is a narrow thermocline 

that separates the warm surface water from the colder and 

heavier water beneath. At the poles, much of the ocean is 

equally cold. 

Though life concentrates near the surface, it is the cold, 

heavy water in the deep that revitalizes the food web. The 

marine snow of organic detritus drops down in prodigious vol-

umes. Most marine snow is consumed within the top 1,000 

meters, but a considerable quantity reaches the deep. 

Upwelling cold-water currents return that nutrient-rich sup-

ply toward the surface.  

The richest concentrations of sea life occur where these 

cold currents come up. Near the coast, where steady winds 

sweep warm surface waters offshore, deep-water rises to fill 

the displacement. In temperate regions, winter storms churn 

the water, delivering cold comfort to life there.  

In the tropics, the separation of warmth at the surface 

and cold at depth is so great the even hurricanes and ty-

phoons cannot thoroughly mix the two. Tropical seas stay 

crystal clear, bereft of the microscopic clouds that bring fine 

dining from below. 

On land, oxygen is available at a fairly constant level: 210 

milliliters per liter. At sea, usable oxygen enters only at the 

surface. 

Because most of the water in the deep ocean originated 

on the surface, in or near the polar regions where it sank, it 

holds the most dissolved oxygen. These down-welled water 

masses may spend centuries in the deep before rising again. 

As life is sparse there, oxygen is rarely depleted. 

The intermediate depths are where oxygen is at a mini-

mum. In the Pacific Ocean, the oxygen minimum zone (OMZ) 
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is between 500 and 1,000 meters down. Oxygen may be only 

1/30th of its concentration on the surface. 

 Vampire Squid  

Only a few organisms are adapted to living in 

this band of oxygen-poor water. The vampire 

squid is one; the only cephalopod to tolerate the 

OMZ. 

The vampire squid is something of a hybrid 

of squid and octopus; a living relic; the only modern repre-

sentative of cephalopods before they split into 2 groups: one 

with 8 limbs, the other 10. 

A vampire squid has 8 arms that are webbed together. It 

propels itself through the water by flapping 2 small fins, 1 on 

each side of the mantle.  

Inside webbed limbs are 2 tactile filaments, which can ex-

tend well past their arms. These filaments let vampire squid 

forage. 

Vampire squid are saprovores: feeding on marine snow 

and other detrital matter that comes around.  

This relic is admirably adapted. Vampire squid can 

breathe normally when oxygen is just 3%. Their metabolic 

rate is the lowest of all deep-sea cephalopods. Their gills 

cover an especially large surface area. Their blue blood's he-

mocyanin binds and transports oxygen most efficiently.  

To help minimize physical requirements, the gelatinous 

tissues of vampire squid closely match the density of the sur-

rounding seawater. Vampire squid have weak musculature 

but are able to stay agile and maintain buoyancy with mini-

mal effort, thanks to balancing organs (statocysts) which are 

similar to the human inner ear. 

Life in the slow lane has its advantages. Whereas all 

other soft-bodied creatures like it (coleoids) have a single re-

productive cycle, vampire squid have multiple reproductive 

cycles.  

Vampire squid are covered in photophores: tiny light-pro-

ducing organs. They can exercise exquisite control over this 

multitude of luminescent spots: able to produce disorienting 

flashes of light for up to several minutes. 
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If threatened, the vampire squid releases a dazzling lu-

minescent mucus from its arm tips that lets it disappear into 

the blackness without having to swim far. 

This self-limited lifestyle has a large payoff. The only 

predators that vampire squid have are those transiently 

passing through the OMZ. 

 

Pressure is another challenge in the deep, though less 

than lacking oxygen. Many invertebrates and some fish can 

tolerate trips between the surface and a kilometer down. 

In the deep sea, life's diversity is high, but density is quite 

low. Marine snow can only feed so many. The food pyramid is 

small. 

Those creatures that live in deep waters have adapted in 

various ways. They tend to be sluggish, and often gelatinous.  

Calcium carbonate is hard to come by, and so skeletons 

are lightweight if they exist at all. Fish that live midwater 

tend to be small; typically, no more than 20 centimeters.  

Invertebrates are not so restricted. Comb jellies become 

the size of basketballs. Giant squid may reach 20 meters. Si-

phonophores can be twice that. With a body length of up to 

50 meters, the giant siphonophore is the longest sea life.  

These marine invertebrates that resemble jellyfish are co-

lonial. Each is comprised of innumerable, tiny, connected in-

dividuals – zooids – each with a specific function (feeding, 

defense, et cetera), energetically and communicatively coor-

dinated into an acting organism. 

 

The dark is the final frontier of the deep, and so 90% of 

midwater creatures provide their own light. Bioluminescence 

offers several advantages beyond being able to see, including 

communicating to one's own kind, luring prey, and startling 

predators. Some can even put an "eat me" sign on an advanc-

ing predator by releasing a sticky, glowing tissue that coats 

the attacker, making it more vulnerable to its predator.  

At a few hundred meters depth, dim sunlight still pene-

trates. A bit of bioluminescence lets a creature blend in so as 

to be invisible from below. 
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Although able to flash light, fishes tend to be black, crus-

taceans red. Large comb jellies and jellyfish prefer purple or 

red as well. Long wavelength red light does not penetrate the 

deep, and so reddish hues are effective camouflage.  

Top carnivores have no need to hide, and so seldom take 

such solemn tones of appearance. Tuna, seals, sea lions, dol-

phins, and whales come and go as they please.  

Almost nothing is known of predation in the deep ocean – 

such as how a sperm whale can dive a kilometer and snag a 

giant squid. 

 Life Entangled  

The assortment of life on Earth is almost unimaginable: 

in size, shape, look, function, metabolism, and reproduction. 

Yet all life is locked into biochemical cycles of energy produc-

tion that sustains trophic webs.  

Sunlight is transformed by plant photosynthesis into us-

able energy, giving animals oxygen to breath, and the plants 

themselves become fodder for animals.  

Nonsymbiotic 

Free-living organisms with relationships  

not necessary for survival. 

Synergism 

Parties cooperate,  

share nutrients. 

Antagonism 

Some members inhibited  

or destroyed by others. 

Symbiotic 

Organisms with intimate relationships 

required by one or both parties. 

Mutualism 

Mutual  

dependency;  

both parties  

benefit. 

Commensalism 

The commensal 

party benefits; 

other party  

unharmed. 

Parasitism 

Parasite is  

dependent;  

other party 

harmed. 
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Interactions among species are the ties that bind communities 
together. ~ American ecological zoologist Mariano Rodriguez-
Cabal et al 

Organisms constantly interact with each other in a wide 

variety of ways. Meaningful relations most often involve food; 

sometimes shelter or other protection which amounts to not 

becoming food.  

The ecological networks that emerge from these 

interactions strongly influence the population dynamics of 

species. In times of a relative environment equanimity, the 

gyres of these networks tend to stabilize into patterns of 

population activity. 

Symbiosis is one of the fundamental mechanisms by which 
ecosystems become productive and robust. ~ Dutch evolution-
ary biologist Geerat Vermeij 

Many plants get essential nutrients, notably nitrogen, by 

intimate association with bacteria and fungi. Fungi even pro-

vide health care to plants. 

Sophisticated chemo-communication creates and main-

tains relationships. When first rooting, plants put out a 

chemical advertisement that bacteria and fungi respond to. 

 Microbes  

Microbes ubiquitously have symbiotic relationships with 

large organisms – macrobes – in every way: mutualistic, com-

mensal, and parasitic. For multicellular eukaryotes, some 

microbial relations are vital. 

Macrobes are cellular colonies, living symbiotically with 

microbes as a symbiorg. Every plant and every animal com-

prise a community: a macrobial host relying upon its micro-

biome for most every aspect of living, including metabolism, 

bodily defense (immune system), intelligence, reproduction, 

and many other functions. From a microbial perspective, 

multicellular organisms increase the number of venues in 

which they may thrive. 

Beyond the microbiome, microbes are the foundation of a 

balanced ecosystem; the living framework of intricate, inter-

dependent relationships among larger life and the environ-

ment. 
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 Marine Microbe Synchrony  

We usually think of the ocean as a big stew, but now we see 
a coordination that could involve 'talking' between microbes, 
timing with the day, and responding to the environment.  
~ American microbiologist Elizabeth Ottesen 

Marine microbes bifurcate into phytoplankton that 

photosynthesize to feed themselves and heterotrophs that 

live off others. As the open ocean is a nutritional desert, the 

heterotrophs are hard-pressed. 

Cyanobacteria rise to the surface during the day to collect 

sunlight and sink at night in respite. They naturally time 

their gene expression cycles to match their diurnal activity. 

Heterotrophic bacterioplankton in the community do like-

wise. This concurrent choreography helps the heterotrophs 

get enough to eat. 

Such synchrony is universal. Marine microbe communi-

ties throughout the world display strikingly similar rhythms 

in their metabolic patterns. 

Extremely different ecosystems exhibit very similar diel cy-
cles, driven largely by sunlight and interspecies microbial inter-
actions. ~ American marine microbiologist Frank Aylward 

 

 While some relations among organisms are readily ap-

parent, most are not easily observed. 

The distribution of plants has long bemused botanists. 

Certain plants live in widely separated places. The same 

plant may live in the upper reaches of North America and the 

tip of South America, but nowhere in-between. 

Migratory birds may trap and carry in their feathers 

small plant parts with them on their journeys. Mosses, which 

are especially rugged, are common passengers. After a bird 

cleans itself from the trek, deposited stowaways establish a 

new population in a new land. 

 Witches' Broom  

Witches' broom is a woody plant disease that provokes 

bushy tumors, caused by phytoplasma, which are parasitic 

bacteria that live in plant phloem tissue.  
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Phytoplasma tweak the molecular switches inside an in-

fected plant so that flowers develop like leaves. This bacterial 

interference creates more soft tissue that leafhoppers like to 

suck sap from. Phytoplasma thus create an advertisement for 

their transport. 

A leafhopper comes and sucks a plant's phloem juices, in-

fecting itself with phytoplasma. On succeeding stops, the 

leafhopper passes the disease on to other plants. 

Phytoplasma hijack a plant's developmental machinery 

and make it work to their advantage and the plant's detri-

ment, since leaf-like flowers are sterile. The leafhopper acts 

as a middleman, unharmed by the commensal relationship 

with phytoplasma, which alter their gene expression depend-

ing upon their current host.  

 Mutualism  

Mutualism is sometimes termed true symbiosis – each in-

terdependent party gains. Mutualism is a product of coevolu-

tion: a process of evolving mutual dependency. 

Symbioses are pervasive throughout the tree of life. ~ Cana-

dian evolutionary biologist Jeffrey Joy 

 Endosymbiotic Exploitation  

Most people think symbiosis means there is an evolution to-
ward harmony, a perfect balance of the two partners. ~ Italian 
evolutionary biologist Vittorio Boscaro 

Endosymbiosis allows hosts to acquire new functional traits, 
such that the combined host and endosymbiont can exploit va-
cant ecological niches and occupy novel environments; conse-
quently, endosymbiosis affects the structure and function of 
ecosystems. However, for many endosymbioses, it is unknown 
whether their evolutionary basis is mutualism or exploitation. 
~ English ecologist Christopher Lowe 

Eukaryotes arose through coevolution between an ar-

chaeal host and a bacterial endosymbiont. The original na-

ture of the association between the two is unclear. It may not 

have been mutually beneficial. 
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What we have always thought of as mutualism, where species 
gain mutual benefit from interacting with each other, might ac-
tually be based on exploitation, where one species gains by cap-
turing and then taking resources from another. ~ Christopher 
Lowe 

Euplotes is a single-celled, ciliate protozoan that incorpo-

rates a freshwater bacterium as an endosymbiont: Polynucle-

obacter. These bacteria live within Euplotes for a time, but 

the relationship does not last. 

They're being replaced, just like you change your clothes. 
You take advantage of your symbiont until it's no longer useful, 
and then you get a new one. The relationship is more like death 
row than cooperation; sure, the symbiont is kept safe and well-
fed in the short term, but ultimately it's not a good place to be. 
~ Canadian microbiologist Patrick Keeling 

 

Microbes are major mutualists. A ubiquitous mutualism 

is between digestive bacteria and their animal hosts. The mu-

tual relations between plants and nutrient-providing soil mi-

crobes are analogous. 

Among themselves, numerous plants and animals have 

mutually beneficial relations. Plant pollination by insects or 

birds is exemplary. 

Mutualistic networks such as plant-pollinator communities 
are "nested." Specialist pollinator species visit plant species that 
are subsets of those visited by more generalist pollinators. Nest-
edness prevails because it stabilizes mutualistic networks. ~ In-
dian biologist Samraat Pawar 

 Hydrothermal Vents  

Hydrothermal vents are a likely location for life on Earth 

having got its start. These steaming fissures in the seabed 

are chemically rich. 

Early evolved prokaryotes dined there on the finest high-

energy molecules: double-shot hydrogen (H2), methane (CH4) 

and high-octane hydrogen sulfide gas (H2S). Channeling cos-

mic power, these microbes suckled the favored fuel of stars: 

hydrogen.  
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Later-evolved life gets by in this horridly hot habitat by 

relying upon the descendants of early residents. Many, in-

cluding tubeworms and mussels, shelter the wee hydrogen-

fueled powerhouses within, feeding off their leftovers. For 

these animals, foraging is as simple as funneling water into 

themselves and letting their microbiome do the rest. 

 Bean Bugs & Burkholderia  

The most intimate mutualism is the relationship between 

multicellular organisms and their microbiomes. The little 

ones look after their host. 

The bean bug is an agricultural pest. Its prospects in a 

field sprayed with insecticide would be dim without a friend 

on the inside. 

Bean bugs invariably ingest Burkholderia bacteria, 

which live in the dirt. Burkholderia have the happy knack of 

being able digest and disarm a commonly applied insecticide, 

thus saving the bean bug from terminal indigestion.  

 The Nematode & Its Killer Bacteria  

Microbial populations stochastically generate variants with 
strikingly different properties, such as virulence or avirulence 
and antibiotic tolerance or sensitivity. ~ Indian bacteriologist 
Vishal Somvanshi et al 

Heterorhabditis bacteriophora is a nematode that infects 

insects. Nestled inside it is Photorhabdus luminescens, a bi-

oluminescent bacterium that is an accomplice to its host in 

eating insects from the inside out. 

A juvenile nematode penetrates an insect victim, where-

upon it vomits its intestinal symbionts into the insect's body 

cavity (hemocoel). 

Once outside the worm and inside the insect, the bacteria 

grow exponentially and secrete potent insecticidal toxins. P. 

luminescens prepares the insect for nematode reproduction 

by producing helpful proteins, as well as antimicrobials that 

defend the insect cadaver from its own competitors. 

The bacteria transform from tiny benign mutualist inside 

the nematode into an engorged pathogenic insect slayer by 

flipping a genetic switch. 
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 Agricultural Ants  

Ants in Fiji farm plants. They carry the seeds of the Squa-

mellaria plant and insert them into cracks in trees, where 

the seeds germinate. The ants fertilize the seedlings with 

their wastes. When the plants sufficiently mature, the ants 

take up residence in the cavities that the plants provide. This 

potted homebuilding has been going on for 3 million years. 

 Tree Police  

Pseudomyrmex is a genus of wasp-like, stinging ants. Cer-

tain Neotropical Pseudomyrmex – tree ants – diligently de-

fend the trees in which they reside. Triplaris, the ant tree, 

provides room and board for the tree ants, which prune any 

foreign seedlings they find near the tree. The tree ant is a 

protector of and gardener for its ant tree. 

These ants are very protective of their host tree. It doesn't 
matter if it's an animal or another plant species – they're going 
to attack it. ~ biologist Jorge Vivanco 

 Amazonian Ant-Plant  

An arboreal ant lives in the leaf pockets of the Amazonian 

ant-plant. The ants protect the plants from leaf-eating in-

sects. 

On the host plant's stems, worker ants build galleried 

structures which they employ as traps to capture larger in-

sects. First, they cut plant hairs (trichomes) along the stem 

construction site to clear a path. Next, using uncut trichomes 

as pillars, the ants build a gallery by binding the cut plant 

hairs together using a sappy regurgitated compound. They 

leave enough room to maneuver between the stem and the 

surface of the structure, creating a vault.  

This gallery is reinforced with a black, sooty mold of my-

celia that the ants cultivate. The mold grows on the goop. The 

ants cut numerous holes in the structure, just large enough 

that they can stick their heads through from the vault.  

Workers hide in the vault, their heads just under the 

holes, waiting for prey. The trap is set. 
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When a large insect lands on the structure, it is tempo-

rarily stuck. The workers grab the victim's body – legs, an-

tennae, wings – and pull on it until the prey is progressively 

stretched out against the gallery.  

Swarms of workers then sting the insect to death. Next, 

moving in and out of the holes, they slide the banquet-to-be 

to their leaf pouch where they carve it up. 

The ants sometimes get uppity on their host, by destroy-

ing its flower buds, to skew the plant's growth-reproduction 

ratio to favor more leaves and stems. Plants whose buds have 

been devastated grow more quickly. 

When such exploitation happens, a plant can sanction the 

ants by producing leaf pockets too small for the ants to use. 

This teaches miscreant ants respect. 

 Reef Police  

Coral reefs are constantly assaulted by algae which wish 

to steal prime sunlit locations for themselves. To gain control, 

many of these seaweeds pack toxins that take a toll on coral 

metabolism.  

Left unchecked, seaweed can smother coral and take over 

a reef; an often-irreversible demise. 

Gobies and other herbivorous fish live among the coral, 

which produces mucus to feed them. When coral is being 

damaged by seaweed, it lets loose a chemical cry for help. 

Sensing distress at home, gobies gobble the algae.  

For a goby and others, seaweed may be a fine snack, but 

it does not provide a reliable food source and a place to live 

like a coral reef. Herbivorous fish are critical in keeping the 

algae on reefs in check; hence, coral provide for police protec-

tion.  

 Clownfish & Anemone  

A sea anemone is a predatory sessile polyp which at-

taches itself to a surface with an adhesive foot (basal disc). 

Its mouth/anus is in the middle of an oral disc surrounded by 

tentacles armed with cnidocytes, which help capture prey 

and ward off predators. A cnidocyte is a hair-trigger explosive 

cell that delivers a harpoon of paralyzing toxin. 
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Anemones are related to corals, jellyfish, and hydra. 

Anemones often live on their cousin's coral reef. 

Clownfish are warm water, shallow sea dwellers of the 

Indian and Pacific Oceans. Clownfish shun the Atlantic 

Ocean. 

Clownfish are omnivores that might oth-

erwise consider anemone dinner potential, 

as the potent poison of the anemone is toler-

able to a clownfish. Instead, the two keep 

close company.  

An anemone provides a tentacle-guarded keep while its 

clownfish drives off predators and parasites which would 

chew its homestead. The clownfish feeds off the offal of anem-

one kills and the occasional dead tentacle, while the anemone 

picks up nutrients from clownfish excrement. The anemone 

also appreciates a clownfish prowling about at night. 

Oxygen levels on a coral reef often plummet when the Sun 

goes down, as photosynthesis shuts down. Some symbiotic 

fish fan their coral home at night to keep it oxygenated. 

Clownfish perform the same favor for their anemone nest. 

Clownfish themselves keep close company. A group of 

clownfish practice a strict dominance hierarchy, with the 

largest and most aggressive female at the apex. Only 2 clown-

fish in a group reproduce: a male and a female, via external 

fertilization. 

Clownfish are sequential hermaphrodites: they develop as 

males before maturing into females. When a female clownfish 

dies, one of the largest/most dominant males becomes a fe-

male, and the remaining males move up a notch in the social 

hierarchy. 

 Seagrass & Clams  

Seagrasses are flowering plants. With their long and nar-

row leaves, these marine plants resemble grass from which 

they descended. Seagrass grows in shallow, sheltered coastal 

waters, anchored to a sand or mud bottom.  

Seagrass leaves slow water current and increase sedi-

mentation. Seagrass roots and rhizomes stabilize the seabed 
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while recycling nutrients. Seagrasses are 35 times more effi-

cient at sequestering carbon than rainforests.  

As such, seagrass fosters a productive and diverse ecosys-

tem. A seagrass meadow acts as a nursery for fish, and a 

home to sea turtles, manatees, sea birds, and other marine 

creatures; providing both nourishment and protective cover. 

Being a stick in the mud has its limitations. In buffering 

the shoreline, seagrass captures organic debris that turns the 

seabed into muck. Decaying plant matter produces sulfides 

that are unhealthy for plant roots on the grow. 

Oxidization is the solution. But seagrass roots alone are 

not enough. 

Seagrass gets help via a 3-way symbiotic relationship 

with sulfide-swallowing bacteria. The bacteria come with a 

buddy: lucinid clams. 

The clams host bacteria in their gills that oxidize sulfides, 

converting it into mollusk-sustaining energy. Seagrass roots 

provide ready access to extra oxygen. Altogether, seagrass 

and clams make a happy seaside home, thanks to a bacterial 

broker. 

Accelerating loss of seagrasses across the globe threatens 
coastal ecosystems. ~ Australian marine biologist Michelle 
Waycott et al 

 Seagrass Comeback  

Apex predators that have largely disappeared from so many 
ecosystems may play vitally important functions. ~ American 
ecologist and evolutionary biologist Brent Hughes 

Fertilizer runoff in coastal waterways spurs the growth 

of algae on seagrass leaves which starves the seagrass of sun-

light. Sea slugs and small crustaceans in the genus Idotea 

graze on the algae, but these are gobbled up by crabs. Sea 

otters consume enormous amounts of crab.  

In a trophic cascade, sea otters are seminal in seagrass 

comeback: consuming the crabs that eat algae grazers which 

free the seagrass to access sufficient sunlight. 

The prospects are not bright. By the early 20th century 

sea otters had been hunted to the brink of extinction for their 
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thick fur. A hunting ban ensued, but sea otter recovery was 

spotty.  

By the end of the 20th century, sea otters were again 

struggling, thanks to pollution, especially oil spills, and com-

petition for sea otter food – abalone, clams, and crabs – by 

humans. Sea otters are unlikely to survive to mid-century. 

Strong interactions exerted by sea otters on their invertebrate 
prey can have cascading effects, leading to profound changes at 
the base of the food web. ~ Brent Hughes 

 Sloths & Moths et cetera  

It's almost as if people don't want to know the truth about 
sloths. There's something charming about thinking of them as 
lazy and stupid. ~ English zoologist Becky Cliffe 

Sloths come by their name honestly. 

Besides sleeping 9.5 hours a day, they 

do a lot of nothing. When a sloth does 

move, it does so slowly. Top speed in the 

trees, trying to escape a predator, clocks 

at 4 meters a minute. On the ground, 

half that at best. 

A sloth spends its life hanging from a tree in a tropical 

rainforest. Sloths eat and sleep in the trees. They even give 

birth in a tree. Too lazy to hit the ground upon their demise, 

some even remain hanging from a branch when dead. 

2-toed sloths forage for leaves widely across the treetops, 

albeit at a leisurely pace. Its 3-toed relative cannot be both-

ered with that much exertion. 

3-toed sloths have 1/4th the muscle tissue of comparably 

sized mammals; another disincentive to a vigorous life. They 

have the slowest metabolic rate of any mammal, and a low 

body temperature even when allegedly active. 

Leaves are a poor source of nutrition. Animals that de-

pend upon them, such as gorillas, typically have a large gut 

to accommodate their digestion. Living in the trees, sloths 

cannot afford such tummy luxury. 

About the only time a sloth is on the ground is to literally 

lay waste. It digs a hole to urinate and defecate, then covers 

it up afterwards, to avoid giving away its location. Digestion 



136 Spokes 2: The Web of Life  

is so slow that a sloth only needs to go once a week. The 2-

toed sloth lets loose from the trees, while the 3-toed sloth 

climbs down to the ground. 

Considering their speed, sloths are at greatest risk when 

on terra firma. Being caught on the ground is the leading 

cause of sloth death. Dropping waste from the trees is also a 

hazard, as it allows predators to more easily locate them, es-

pecially considering how little they move. The only time that 

3-toed sloths dump from the trees is during a rainstorm, 

when waste readily washes away. 

Despite staying in one place, sloths attract little atten-

tion. Sloths' only predators are Jaguars and harpy eagles. 

Jaguars can climb trees but can't reach sloths on the 

branches that sloths prefer, as these limbs are too slight to 

support a jaguar's weight. Harpy eagles, which diet on mon-

keys and opossums, can see and snag a sloth only if it care-

lessly exposes itself on an ill-chosen branch. 

Everything in the forest can eat them. So they have to be care-
ful to go undetected, and one of the best ways to do that is to 
be very slow and very quiet. ~ American zoologist Sam Trull 

Thanks to their long, curved claws, sloths hang upside-

down for hours on end. The constant grip is possible because 

of a lattice of tendons in the hands and feet that draw their 

digits closed while at rest. That, and sloths are surprising 

strong, and their muscles resist fatigue. 

Sloth muscles employ unique enzymes that confer toler-

ance to heavy accumulations of lactic acid, which wear mus-

cle strength down. The sloth's protein profile (proteome) is 

like fast-running cats such as cheetahs.  

Sprinting is all about anaerobic power for short durations. So 
it is odd that a sloth that hangs for extended periods of time 
matches that metabolic profile. ~ American zoologist Michael 
Butcher 

Moths that live within the sloth's fur plant their eggs in 

sloth excrement, which their caterpillars consume before be-

coming adults, whereupon they fly up to become part of the 

sloth ecosystem. 
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When a moth dies on a sloth, its body is decomposed by 

fungi that live there. That releases nitrogen and other nutri-

ents to feed the copious algae that live on the sloth. The 

strands of a sloth's fur are grooved to trap rainwater and pro-

vide an ideal environment for the algae. 

A sloth grooms itself so slowly that the moths within have 

no trouble escaping before getting raked. Grooming harvests 

the algae, which provides essential nutrition to the 3-toed 

sloth.  

The algae are highly digestible, and far richer in fat than 

the leaves which are so slowly chewed. The leaves are a sup-

plement, as a 3-toed sloth expends more energy than it takes 

in from eating leaves. 

The 2-toed sloth has a similar system, but its symbiotic 

colonies are less fulsome, and so its reliance upon leaves 

greater. By living in the trees lower down, and taking the 

trouble to poop on the ground, the 3-toed sloth minimizes its 

exertions and maximizes its ease, while its colonial friends 

do as they please. 

They are very economical animals and they make the most of 
every single thing they have available to them. ~ Becky Cliffe 

The greatest mystery surrounding sloths is their near in-

vincibility. 

Of all animals, this poor, ill-formed creature is most tenacious 
to life. It exists long after it has received wounds which would 
have destroyed any other animal. ~ English naturalist Charles 
Waterton in 1828 

Why and how sloths are capable of bouncing back after hor-
rible injuries is still a mystery. ~ Becky Cliffe 

 Take A Load Off  

Carnivorous plants made a wily evolutionary move: able 

to compensate for living in lousy soils by literally taking in 

animals. Directly or indirectly, the animals are a meal ticket. 

Pitcher plants are carnivorous. They lure insects to the 

top of their specialized leaf traps with sweet nectar, where 

many lose their grip on the slippery rim, falling into a fluid-

filled trap below.  
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The victims desperately try to climb out, only to discover 

with their last breaths that their prison is filled with stretchy 

fibers. The more an insect struggles, the more entangled it 

becomes. 

Digestive enzymes in pitcher fluid break down the 

sunken prey, harvesting the hardest nutrient to get enough 

of: nitrogen. Pitcher fluid is itself a microbial ecosystem. 

In the instance of the North American purple pitcher 

plant, the pitcher is an expansive ecosystem: a self-contained 

food web, home to an array of mosquito larvae, midges, roti-

fers, protozoa, and bacteria, many of which can survive only 

in this unique habitat. The little pitcher animals shred prey 

that fall in, with the microbiome feeding on the remainders. 

Finally, the pitcher plant absorbs the leftover bits. 

Having the animals creates a processing chain that speeds up 
all the reactions. Then the plant dumps oxygen back into the 
pitcher for the insects. It's a tight feedback loop. ~ American 
biologist Nicholas Gotelli 

The rim of the southeast-Asian-native Raffles' pitcher 

plant is not always slippery, letting some insects escape. It is 

a loss-leader strategy. 

Individual scout ants search for profitable food sources. 

Finding a pitcher full of sweet nectar, they report back at the 

colony and recruit many more foragers. 

By turning off their traps for part of the day on 'dry' days, 

these pitcher plants increase their overall capture.* If the 

trap was always slippery, ant scouts would be in the pitcher 

rather than recruiting pitcher-plant food. 

What looks like a disadvantage at first sight turns out to be a 
clever strategy to exploit the recruitment behavior of social in-
sects. ~ German botanist Ulrike Bauer 

Insect-trapping pitcher plants are small-timers compared 

to their cousins: the giant pitchers in the misty mountains of 

Borneo. These plants lure tree shrews, small rats, and bats – 

not to their deaths, but for their defecations. The plants are 

precisely sized for their clientele. 

 
* Raffles' pitcher plants have selective dry days where they keep 

their lips dry for up to 8 hours. 
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Tree shrews are enticed by the sweet nectar placed on the 

inside lid at the top of a giant pitcher plant. The pitcher is 

arranged so it can support the weight of these animals, and 

to situate clients so that they must crouch to take their treat.  

The posturing puts a shrew or similarly sized rat so that 

it may easily defecate while dining, dropping nitrogen and 

other nutrients into the pool below. These pitcher plants get 

most, if not all, of their nitrogen needs met by their clientele. 

Swapping easily made sweets for hard-to-get fertilizer is a 

bargain. 

Pitching for shrews is a smart strategy. There are fewer 

ants on the mountainsides where these plants grow. 

Tree shrew droppings are especially nitrogen rich, as they 

have short guts that do not extract all the nutrients from 

their food. Plus, the speedy throughput means frequent de-

posits. 

Taking a different tack, the Borneo pitcher Nepenthes 

hemsleyana provides a cozy lodging for woolly bats without 

the need of providing sweets. The pitcher's orifice has an ex-

tended concave surface which distinctively reflects bat echo-

location calls, making the plant easy for bats to locate amid 

the cluttered forest. 

Pitcher walls have a girdle of thick tissue that lets the 

bats snugly wedge themselves in. To accommodate multiple 

bats, there is less fluid. What fluid there is maintains a com-

fortable humidity, preventing dehydration of its guests. The 

temperature is stable, providing a respite during the heat of 

midday; altogether a restful place to unload – which is ex-

actly what the host has in mind. 

Bats that lodge in pitchers are generally healthier than 

those that have to rough it. And the plants benefit: they econ-

omize by producing less sweets than those that attract in-

sects. Breaking down the bodies of victims is time-

consuming. Feces provides a readier source of nitrogen and 

other nutrients than tough, scrawny insects. 
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 Birds & Alligators  

Egg-eating racoons and opossums are the bane of nesting 

birds in the Florida Everglades. So, these birds site their 

nests above resident alligators. 

The alligators provide protection from predation, and 

benefit when a bird lays more eggs than it can raise. Chicks 

that fall from a nest are like manna from heaven to an alli-

gator wanting a snack. 

 Communication Chemistry  

Symbiotic microbes can benefit their animal hosts by enhanc-
ing the diversity of communication signals available to them.  
~ Kevin Theis 

Microbes also facilitate their hosts' communications. 

Many animals mark spots in their habitat to convey various 

messages: whether a claim of territoriality or notes to friends 

or potential partners.  

Host-resident microbes, or their work products, are on the 

spot to convey the communiqué. Besides aforementioned hy-

enas, badgers and bats are known to employ microbial com-

patriots to yarn for them. 

 

Mutualisms develop in an environment where coopera-

tion is beneficial to both parties. If the environment changes, 

the costs and benefits of cooperating can change as well. 

In one experiment, researchers studied a microbial cross-

feeding mutualism, in which each yeast strain supplied an 

essential amino acid to its partner strain. Depending upon 

the amount of freely available amino acid in the environ-

ment, the yeast strains shifted between mutualism and com-

petition. 

 Commensalism  

Commensalism is a relationship between organisms 

where one benefits another without being harmed. In larger 

organisms, this typically involves nutrition.  



 The Web of Life 141 

Microbes are often more intimate, sharing with each 

other genic bits that provide rapid adaptability. The littlest 

ones live a lifestyle of genetic literacy. 

 Tank Plants  

Bromeliads are a family of 3,170 different flowering 

plants. The pineapple is a bromeliad. 

Numerous bromeliads are epiphytic. An epiphyte is a 

plant that grows upon another plant, albeit non-parasitically. 

Lichen, moss, and orchids are exemplary epiphytes. The 

smallest bromeliad is Spanish moss. 

Tank plants are a species of rainforest bromeliad that 

cling to trees with their small roots. A tank bromeliad's broad 

leaves press together at the base, forming a container that 

holds water; anywhere from 0.24 liters to 45 liters, depending 

upon the species. 

This pond-among-the-trees creates an ecosystem. Mi-

crobes make a home, as do small animals. 

A food web forms. The bacteria and protozoa feed insect 

larvae and tiny crustaceans, who make a meal for spiders, 

larger insects, salamanders, and tree frogs. These are in turn 

prey to larger animals, including snakes and birds. 

Thus, by providing a watering hole, tank plants are a key-

stone species, facilitating a habitat for worms, insects, snails, 

crabs, frogs, rodents, and many others. The bromeliad bene-

fits by feeding on the droppings that the animals leave be-

hind – a nutrient-rich soil substitute. 

Many bromeliads bloom conspicuous flowers that are pol-

linated by nectar-gathering birds. The inflorescence (flower 

clusters) of bromeliads are the most diverse of any plant fam-

ily. 

 Sardine Tongue Trap  

In the Indian Ocean off South Africa, 

the southern winter brings a spectacle of 

consumption. Billions of silvery sardines 

(aka pilchard) follow cold water that is rich in the phyto-

plankton that feed them. In doing so, the sardines become 

fodder themselves. 
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The Benguela Current is a counter-clockwise oceanic gyre 

in the Atlantic Ocean; a carrier of cool water. The fast Agul-

has Current is an Indian Ocean equivalent, carrying warm 

water clockwise. 

When the 2 currents meet at the southern tip of Africa at 

the beginning of the southern winter, the Agulhas Current 

has weakened somewhat. The Benguela gyre pushes a tongue 

of cold water from the Southern Ocean off Antarctica up 

along the coast of southwest South Africa.  

An upwelling brings nutrients from the depth to the eu-

photic zone: the layer of water with enough sunlight for pho-

tosynthesis. Phytoplankton proliferate there.  

In contrast, there is little mixing of surface and deeper 

waters in tropical oceans. Phytoplankton are relatively 

scarce in the tropics. 

Massive schools of sardines, slaves to cool current be-

cause of its food supply, follow the tongue. The tongue will 

eventually flag into a return gyre of warmer water.  

The pilchard run on the tongue is a trap. Other animals 

know this. Hordes of copper sharks follow in the wake of sar-

dine shoals. 

Bryde's whale is a smallish whale with notably small 

flippers for its size. They typically feed on small fish and 

squid at depth but are opportunists that take advantage of 

herding done by another species.  

Cape gannets, a large seabird, tirelessly patrol the skies 

at the right time of year, waiting for the shimmering slick of 

surface oil that the sardine shoals produce on the run. On 

their own, the gannets cannot harvest the sardines, nor can 

the sharks. So they wait. 

The pilchard maestro of menace is the common dolphin, 

which normally feeds on a staple diet of squid in the depths. 

For the sardine run they come up for a feast. 

A dolphin scout spots indications that the pilchard run is 

on – the signal may be the sardines, or groups of gannets or 

sharks. Great dolphin pods congregate, fanning out in a line. 

Once set, dolphin groups break off in a coordinated attack, 

breaking off sardine schools and driving them to the surface. 

The sardines naturally form a tight ball as a defensive 

measure, concentrating in the classic stratagem of "safety in 
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numbers confuses an enemy," which backfires horribly in this 

instance. Individual dolphins take turns swooping in while 

others continue to herd the school ball. 

The sharks too take bites from the surface balls, as do 

Bryde's whales. As schools come to the surface, the gannets 

dive bomb for dinner. Other species, such as seals, join in. 

Predators ignore each other, all focused on filching the 

pilchards. Dolphins host a dinner party that lasts for weeks. 

 Incidental Commensalism  

Sometimes the commensal is incidental to the provider. 

Orchids and mosses grow on the trunks or branches of trees, 

getting the light they need, along with nutritional runoff 

from the tree. The tree is unharmed. 

Birds follow army ant raids on the forest floor. The fero-

cious ant colony stirs up various flying insects who flee from 

the onslaught on the ground. The birds following the ants 

snag the fleeing fliers. 

Cattle egrets forage alongside bovine who stir up insects 

as they graze; a meal for the egrets. 

In the Pacific Ocean, a titan triggerfish improves foraging 

prospects for smaller fish by shifting rocks too large for the 

littler ones to move. 

 Amensalism  

The flip side of the coin of commensalism is amensalism: 

an organism negatively impacts another while immediately 

gaining nothing or being harmed. Amensalism arises from 

the struggle for limited resources creating an evolutionary 

impetus to thwart others. 

One plant slows the growth of another by putting it in the 

shade. The forest canopy is a competitive exercise, as trees 

reach for the sky for sunlight exposure. 

Various bacteria, algae, fungi, coral, and plants practice 

allelopathy: biochemical secretions that influence another or-

ganism's prospects. Bread mold secretes penicillin to kill bac-

teria that would otherwise compete for its food. 

Plants, the most sophisticated producer of biochemicals, 

are eager allelopaths. Many invasive plant species gain their 
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competitive edge by interfering with the natives through al-

lelopathy. 

Black walnuts release naphthalene glucoside from their 

roots. In the soil, the compound converts to juglone, which 

inhibits seed germination and seedling growth of other spe-

cies competing for light and space. Black walnuts can dra-

matically retard the growth of apple and pine trees, 

rhododendrons, and even otherwise competitive walnut rela-

tives. 

Eucalyptus trees root exudates and leaf litter kill certain 

soil bacteria that are beneficial to other plants species, as 

well as directly affecting plants. 

Allelopathy has an evolutionary race element. The pace 

of allelochemical production has accelerated in higher plants. 

Amensalism in general, and especially allelopathy, neces-

sitates a feedback loop, as well as intelligence operating upon 

hidden information.* While such dynamics are evolutionary 

outgrowths – adaptations through time – there can be no dis-

missing intelligence behind it. 

However bread mold managed to discover how to kill bac-

teria, and effect penicillin production, it was not a product of 

trial and error. The biochemical permutations are too prolific. 

Mold learned via horizontal gene exchange. Bread mold ap-

plied cunning in learning how to put down its competition. 

Eukaryotic horizontal gene transfer is real. ~ American ge-

neticist Chris Hittinger 

While amensalism offers particularly striking examples 

of intelligence based upon hidden information, such coher-

ence proliferates throughout Nature, albeit often in subtle 

ways that have gone unappreciated. 

 Parasitism  

You had no right to be born; for you make no use of life. 
Instead of living for, in, and with yourself, as a reasonable being 

 
* The attribution hidden information refers to data beyond empiri-

cal investigation. Human understanding of the energy patterns 

and coherence which compose Nature is scant. This is most ap-

parent in evolutionary biology. 
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ought, you seek only to fasten your feebleness on some other 
person's strength. ~ English novelist Charlotte Brontë in Jane 
Eyre (1847) 

Parasitism is a symbiotic relationship of an inveterate 

taker inflicting itself upon a host, which is typically a much 

larger life form than the parasite. Pathogens go a step further 

and cause disease. 

Parasites may actively seek and invade their hosts or pas-

sively await entry. Most arthropods are proactive, whereas 

viruses, bacteria, and protists typically enter passively via 

some vector, such as water, food, or a hemophagic arthropod. 

Host-seeking is a complex endeavor, involving chemical, vis-

ual, and even auditory cues. 

Ectoparasites live on the surface of a host. Mites and ticks 

are exemplary ectoparasites. Endoparasites, such as para-

sitic worms, live inside. 

Most obligate parasites are parasitic as adults. Their lar-

vae are not necessarily so.  

A facultative parasite is opportunistically parasitic. Such 

parasitism in plants is called hemiparasitism. 

Just as some viruses can themselves suffer viral infection, 

hyperparasites prey upon parasites. Hyperparasites are usu-

ally microbes, typically bacteria or viruses, though some pro-

tozoa, cestodes (tapeworms), and crustaceans parasitize 

other parasites. 

Injuries by parasites occur in several ways. Parasites 

growing or moving through tissue damage by mechanical in-

sult. Others, such as bloodsucking hookworms, feed on a host. 

The harm caused by the parasite may in many cases vary with 
the host or with the time since infection. In some situations, par-
asites may even be beneficial. ~ American biologist Janice 
Moore 

Parasites are pervasive. Their diversity matches that of 

self-standing life. More than half of all animal species are 

parasitic. The proportion of parasitic plants is much less, as 

the power of photosynthesis takes the edge off the urge to sap 

another's life. 

The frog lung fluke illustrates how parasites may make 

their way through various hosts at different stages of their 
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life cycle. This parasitic flatworm (trematode) lives in the 

lungs of frogs as an adult. The fluke's eggs are swallowed by 

the frog and pass through its digestive system, where they 

are excreted with feces.  

A ramshorn snail consumes fluke eggs, which hatch in-

side it. Hatchling flukes (miracidia) settle into the digestive 

gland, asexually reproducing into sporocysts (elongated sacs), 

which produce cercaria (larvae).  

The cercaria leave the snail. They enter the gills of a drag-

onfly nymph and encyst in its tissues. Encysted trematode 

larvae are termed metacercariae. 

Once an infected dragonfly nymph or adult is eaten by a 

frog, metacercariae become adults. The life cycle is complete. 

 Parasitic Plants  

~4,000 plant species prey on their distant relations as 

parasites. Parasitic plants vary widely in their dependencies 

Dragonfly adult host 

Dragonfly 

nymph host 

Frog Lung Fluke Life Cycle 
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and techniques. Many have lost the capacity for photosynthe-

sis and so are no better than animals in their predations. 

Others, such as mistletoe, can photosynthesize, but have no 

roots. They latch on by a haustorium and suck water and 

minerals out of their host. A haustorium is a hook used by 

parasitic fungi and plants to attach and draw nutrients. 

In the plant world, the meanest bitch is the weed that is 

a witch: witchweed, which feeds from the roots of many plant 

species. 

It's like root radar. ~ American botanist David Nelson 

Witchweed seeds near the roots of potential victims ger-

minate upon catching the scent of strigolactone hormones 

that the soon-to-be victimized root exudes. Witchweed then 

grow toward the host to rudely introduce themselves. Once 

in touch, a witchweed root swells with a haustorium, poking 

the host to suck it dry. 

Witchweed parasitizes a wide range of commercial grass 

and legume crops, including corn, sugarcane, and rice. It is 

so witchy that it can wipe out an entire crop. 

Haustoria do more than suction nutrients. Parasitic 

plants input specific genic bits to shut down host defense re-

sponses and gain more information about their host. 

 Cape Sumach  

The Cape region of South Africa is a hotspot of plant bio-

diversity: with over 9,000 plant species, nearly 70% of which 

are endemic, within an area of only 90,000 km2. In contrast, 

Germany, which is 4 times the size, has 1/3rd the number of 

native plant species. 

Among the South Africa plethora is Cape sumach, a 

woody hemiparasitic plant in the Sandalwood family. Cape 

sumach is tough and adaptable: able to withstand heat, frost, 

and winds. It grows fast and can survive in sandy soils, even 

coastal dunes. 

Cape sumach is prone to supplement its diet via hausto-

ria that tap into the roots of nearby plants and suck their sap. 

Although it can make it on its own, Cape sumach grows best 

with a parasitic boost, especially in dry conditions or poor 

soil. 
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Unlike predators, parasites do not kill their prey. Instead, 

parasites very much want their host alive, at least for a spell. 

Parasites are looking for free rent and board, along with 

steady meals, at host expense. 

Social parasites take advantage of ecological interactions 

in other social animals. Ant slavery is an example of social 

parasitism, as is brood parasitism. 

Parasitoids contrast to other parasites in their debilitat-

ing effect on their hosts. Parasitoids spend much of their life 

attached to or within a single host, which they ultimately 

sterilize or kill, and sometimes consume. 

 Parasite Zombies  

Some parasitic organisms induce changes in the behaviour of 
their hosts that favour the reproduction of the parasite rather 
than that of the host. ~ American ethologist William Eberhard 

Some parasites alter host immune response, physiology, 

and/or behaviors.  

Parasites evolved the ability to manipulate host behaviour in 
order to advance their own reproductive success. ~ English par-
asite epidemiologist Joanne Webster & Canadian invertebrate 
behavioral physiologist Shelley Anne Adamo 

Host pathological symptoms evolved to assist the parasite 

in completing its life cycle. Changes in host behavior typically 

improve the probability of issuing a next generation of para-

site, at host expense. Similarly, parasite-induced host immu-

nosuppression permits longer residency, increasing the 

opportunity for transmission. 

Parasites do not selectively attack discrete brain areas. Para-
sites typically induce a variety of effects in several parts of the 
brain. Parasitic manipulation of host behaviour evolved within 
the context of the manipulation of other host physiological sys-
tems (especially the immune system) that was required for a par-
asite's survival. This starting point, coupled with the fortuitous 
nature of evolutionary innovation and evolutionary pressures to 
minimize the costs of parasitic manipulation, likely contributed 
to the complex and indirect nature of the mechanisms involved 
in host behavioural control. ~ Shelley Anne Adamo 
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Animals have bidirectional communication between im-

mune and intelligence systems. The immune system bio-

chemically reports – via cytokines – that it is struggling with 

an infection, inducing sickness behavior that alters motiva-

tional state. The nervous system has receptors for cytokines, 

which are small cell signaling proteins. 

A parasite coopts the same communication factors that 

the body uses to interfere with host immune function, and to 

promote physiological functions and psychological behaviors 

that favor the parasite's survival and reproduction. Parasites 

that make zombies of their hosts may also fiddle with neuro-

transmitters to have the hosts do their bidding. Ultimately, 

such parasitic manipulation is of the mind, of which brains 

and nerves are merely correspondent artifacts. 

If the mind is a machine, then anything can control it that 
understands the code and has access to the machinery. ~ Shel-
ley Anne Adamo 

 Fish Eye Flukes  

Diplostomum pseudospathaceum is parasitic fluke that 

infects snails, fish, and birds. Adult flukes mate in a bird's 

digestive tract, shedding their eggs in its feces. The eggs 

hatch into larvae in the water, then seek out freshwater 

snails to infect. Fluke larvae grow and asexually multiply in-

side snails, eating their hosts' bodily reserves before being 

released into the water, ready to track down their next vic-

tim: fish. 

Upon finding a fish, flukes make their way into the fish's 

eye lenses, which lack blood vessels, and so are protected 

from attack by the fish's immune system. From this remote 

post Diplostomum energetically alters the fish's behavior. 

While the larvae in the eye mature, the host fish is less active 

than usual, making itself less visible to predators, and so 

more likely to survive. Immature flukes are too young to in-

fect their next (avian) host, so they protect the fish they are 

in. 

Once the fluke larvae are fully grown, they have their 

host swim more actively near the surface, making the fish 

more conspicuous to piscivorous birds. The flukes repress the 
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normal evasive responses the fish would otherwise have 

when feeling threatened (such as a shadow over it). By this 

time the fish is likely mostly blind, its sight having suffered 

the ravages of hosting growing flukes. The fluke completes 

its life cycle once the fish has been caught and eaten by a 

bird. 

 Tangle Web Spider  

The tangle web spider of South Amer-

ica normally builds a perfectly round orb 

web. Its moniker appears a misnomer. 

Alas, when infected by the parasitoid 

wasp Polysphincta gutfreundi, the spider 

lives up to its name.  

A Polysphincta wasp attacks the spider, temporarily par-

alyzes it, and lays an egg on the tip of its abdomen, where the 

egg is out of harm's way. The egg hatches, and the wasp larva 

attaches itself to the spider. 

For 2 weeks thereafter, the spider spins its web and snags 

insects every day as if nothing were amiss, except that there 

is a growing larva clinging to its belly, sucking juices that 

drip through small punctures the larva makes in the spider's 

body. 

The night before the larva kills the spider, it induces the 

spider to spin a very different web: one that provides a dura-

ble platform upon which the wasp larva spins its cocoon, safe 

from predatory ants that patrol the ground below. 

 Ant Berry  

Parasites can modify characteristics of arthropod hosts in di-
verse ways to facilitate their transmission to subsequent hosts. 
These modifications often are behavioral. However, frequently 
the altered behaviors are accompanied by physical changes that 
make the host more conspicuous. 

Whereas increasing the conspicuousness of familiar palatable 
prey may be a common and effective parasite transmission strat-
egy, there are few cases of parasite-induced mimicry, whereby 
the appearance of an intermediate host is transformed to the ex-
tent that it resembles a completely different organism. ~ Amer-
ican biologist Steven Yanoviak et al 
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Cephalotes atratus is an arboreal ant native to the Neo-

tropics, able to glide from a tree and steer its fall to land back 

on a tree rather than hitting the ground. 

Myrmeconema neotropicum is an endoparasitic nema-

tode. It has 2 hosts in its life cycle: the gliding ant and fruit-

eating birds.  

Parasitic worm eggs are passed to ants via bird feces, 

which is collected by foraging ants and fed to ant larvae in 

the nest. The eggs hatch.  

Nematode larvae migrate to the abdomen of ant pupae, 

where they mature and mate. Male worms die after mating.  

Nematode females incubate their eggs inside the ant, 

stunting the ant's growth somewhat. As the nematode eggs 

mature, the young adult ant's abdomen turns from black to 

bright red.  

An infected ant, which had been tend-

ing brood within the nest, starts foraging 

outside. But the ant is dysfunctional, as it 

feels compelled to stand stationary, holding 

its berry-red bum in the air. The scene is set for frugivorous 

birds to be duped into eating an ant they would normally 

avoid.  

The nematode lives its life in the ant. Birds act solely as 

a transmission vector, to spread parasitic worm eggs afar. 

 Hired Protection  
Due to modification of brain dopamine signaling, the ants 

were just mad for the caterpillars. ~ Japanese ecologist Masaru 
Hojo 

The Japanese Oakblue is a butterfly native to east Asia. 

Its caterpillars hire protection.  

When ants encounter an Oakblue larva, they crawl over 

the caterpillar (as ants are wont to do to all sorts of things). 

This ambulatory encounter prompts an Oakblue caterpillar 

to secrete a sweet, sticky liquid that ants greedily lap up. The 

secretion addicts ants, enslaving them to the caterpillar. 

Within 3 days of first nipping Oakblue juice, an ant forsakes 

its responsibilities to the colony and devotes itself to the cat-

erpillar. 
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Caterpillars are subject to attacks by spiders, parasitoid 

wasps, and other dangers. A caterpillar raises its tentacle or-

gans near its rump as a ruse, to divert attacker attention to-

ward its less-vulnerable rear. This rouses a doped ant, which 

grows aggressive when the caterpillar reacts to a perceived 

threat. Ants are formidable fighters; able to tackle predators 

that caterpillars can't. 

 Toxoplasma gondii  

Toxoplasma is an especially promiscuous parasite. It infects 
nearly all warm-blooded species, most nucleated cell types, and 
much of the human population. Although it lives in vital brain 
and muscle tissues, it usually causes no obvious reaction. Infec-
tion can seriously harm people with weak immune systems, yet 
most hosts experience no overt symptoms because Toxoplasma 
has found a way to coerce cooperation. ~ American immunol-
ogist Eric Denkers 

Toxoplasma gondii is a protozoan parasite of endotherms 

that causes toxoplasmosis: a disease producing both physical 

and mental disabilities.  

Cats are T. gondii's primary host, but over half of the 

world's human population carries the little protozoan.  

Toxoplasma also infects rodents and makes them fool-

ishly reckless; increasing the odds of their becoming prey, 

and so infect a feline predator. Rats have an innate fear of 

cat odors. T. gondii abolishes that. 

T. gondii alters the behavior of infected rats by abolishing in-
nate fear, creating instead a 'fatal attraction'. The behavioral ef-
fects of T. gondii infection are fairly specific to innate fear, 
leaving many other related or energetically costly behaviors in-
tact. ~ Singaporean biologist Ajai Vyas 

Toxoplasma is sexually transmitted. The protozoan alters 

rodent mating preference, making infected males more allur-

ing to females, contrary to their natural instincts. 

There is a bit of evolutionary depravity in these events. In 
general, females tend to detect and avoid males infected with 
an array of bacteria, protozoan, lice, and nematodes. The odor 
of parasitized males is stressful for females. Toxoplasma gondii 
infection results in inversion of this innate aversion of females, 
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instead instituting an attraction to parasitized males. ~ Ajai 
Vyas 

 

In humans, latent Toxoplasma infection slows reaction 

time. It also stimulates schizophrenia. In suppressing the im-

mune system and altering testosterone production, T. gondii 

raises the odds of a mother birthing a boy with Down's syn-

drome.  

Men infected with Toxoplasma have a higher tendency to 

disregard rules, are more suspicious and jealous. Infected 

women are the opposite: more warm-hearted, gregarious, and 

easy-going. While T. gondii-infected men are less altruistic, 

women are more so. Both infected sexes become more com-

placent and extraverted, while losing confidence in their abil-

ity to be diplomatic or appropriately socially assertive. 

The ubiquitous protozoan Toxoplasma gondii can cause per-
manent behavioral changes in its host, even as a consequence 
of adult-acquired latent infection. ~ Joanne Webster 

 

The parasite actively releases messages into cells that change 
cell behavior. ~ Eric Denkers 

To stabilize their environment, Toxoplasma suppresses 

inflammation warnings from cells, preventing an early im-

mune system response. 

Toxoplasma hijacks immune cells to enforce a mutually ben-

eficial balance. ~ Eric Denkers 

 Strepsipterans  

Twisted-wing parasites are insects in 

the order Strepsiptera, with 9 extant 

families of some 600 species, so-named 

for the look of the wings on short-lived 

adult males. Their lives are largely spent 

as endoparasites inside other insects, including cockroaches, 

bees, wasps, leafhoppers, and silverfish.  

With rare exceptions, females never leave their host. Vir-

gins release a pheromone to attract males, which, as adults, 

live only enough hours to find and inseminate females. The 
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males superficially look like flies, but their mouthparts are 

merely sensory, as they do not feed.  

Newly hatched larvae bust a move to find a new host be-

fore exhausting their limited food reserves. Once inside a 

host, a larva metamorphizes into legless, less-mobile larval 

form.  

The larva induces its host to produce an isolating bag, in-

side of which it feeds and grows. Made from host tissue, the 

bag protects from host immune defenses. 

Some strepsipterans practice mind control and alter host 

behavior. Myrmecolacids cause their ant hosts to climb up to 

the tips of grass leaves, thereby improving the wafting of fe-

male pheromones, to up the odds of being located by males. 

Some myrmecolacids have the curious power to extend 

the lives of their hosts by a third or more.  

Myrmecolacid males and females infest separate species. 

Females of Caenocholax fenyesi – a myrmecolacid – plague 

grasshoppers, crickets, and mantises. Meanwhile, males only 

parasitize ants. Fire ants are a favorite. The 2 myrmecolacids 

manage to stay nearby, as females prey upon insects that fire 

ants feed on. 

 

The ability of parasites to alter host cognition and behaviour 
captivates the interest partly because it questions the existence 
of free will. ~ Joanne Webster 

 

An obligate parasite is totally dependent on its host 

throughout its life cycle. This is what is commonly thought of 

as parasitism, but there are other types. 

A facultative parasite takes advantage of its chosen host 

but may get by if its victim dies. 

Honey fungus lives on woody shrubs and trees. Its host's 

demise is no cause for distress, as a honey fungus continues 

to digest wood without further ado. The simple nutritional 

requirements of honey fungus give it a long life, with the po-

tential to be one of the largest organisms in the world. Para-

sitic life can be a simple pleasure. 
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 Kleptoparasitism  

Kleptoparasites are fond of theft. While many can forage 

or hunt on their own, they prefer saving time and effort by 

stealing. Kleptoparasitism may be of others in the same spe-

cies (intraspecific) or of another species (interspecific).  

Interspecific parasites are commonly close relatives of the 

organisms they parasitize; a phenomenon known as Emery's 

Rule, after Carlo Emery, who made the observation about in-

sects in 1909. 

Oystercatchers are a group of waders found on sea coasts 

around the world. They are fond of mussels and have the un-

usual ability to crack open bivalve shells. Juvenile oyster-

catchers readily nip food from adults, as they are not yet 

strong or skilled enough to open mollusk shells themselves. 

A good-looking nest is critical to a chinstrap penguin male 

in securing a mate. There are always more than a few in a 

penguin breeding colony that pilfer rocks and other nest ma-

terials from neighbors. 

Seagulls are noted for aggressive opportunism. They hap-

pily snatch the retrievals of diving birds, as gulls are unable 

to fetch fish from the sea floor themselves. 

Freeloader flies visit spider webs, where they scavenge 

half-eaten stink bugs. Blow flies in the Bengalia genus lurk 

near ant-foraging trails and steal food and pupae portaged by 

ants. 

Cuckoo bees and cuckoo wasps lay their eggs in the nests 

of other bees and wasps respectively. Cuckoo hatchlings dine 

on the food provided for the larvae of the host. This klepto-

parasitism differs from brood parasitism, which involves pa-

rental care of offspring. 

 Microparasitism  

These parasites are literally infection machines. ~ Patrick 
Keeling 

Many microbes prefer an inside job but are disinclined to 

working for a living. Some even wreck the joint. 
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Microparasites are often, though not necessarily, patho-

genic. They may be intercellular – living in body cavities or 

organs – or intracellular. 

Some parasitic protozoa and filarial worms employ vec-

tors to reach their hosts. The mosquito that carries the ma-

laria protozoan Plasmodium is exemplary. 

Intracellular parasites tend to have a carrier to their host. 

The vector is typically a small predator or parasite. 

Microparasitism often involves close-range combat, as the 

host immune system attempts to oust the invader. Such con-

tinual antagonism provokes an evolutionary arms race, as 

microparasites attempt to anticipate and counter elimination 

measures by their hosts. To this end, microparasites often 

steal host genetic material to gain the upper hand in infesta-

tion and prolonged residence. Microparasites may also intro-

duce new genes to their hosts. This countermeasure does not 

necessarily prevent host evolution to oust the interloper.  

The genetic wiles of microparasites are sometimes ex-

pressed by altering host behavior to the parasite's advantage. 

The little rascals can be quite manipulative. 

 Microsporidia  

Intracellular parasitism results in extreme adaptations.  
~ Swiss zoologist Karen Haag et al 

Microsporidia are a phylum of unicellular, spore-forming, 

intracellular fungal parasites. There may be a million spe-

cies. ~1,500 have been named. 

Microsporidia are restricted to animal hosts. All animal 

phyla host microsporidia. Most infect insects, but they are 

also responsible for common diseases of crustaceans and fish. 

Only 10% are vertebrate parasites. 

Known species of microsporidia are usually restricted to 

a specific host or closely related species. Some of the most 

opportunistic infect humans. 

Microsporidia influence their hosts in various ways. All 

organs and tissues may be invaded, though generally by dif-

ferent microsporidia species. 

Microsporidia use a specialized harpoon – polar tube – to 

insert themselves into the cells of their host. 
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Once infected, a microsporidian restructures the host cell, 

with the parasite seeking control of metabolism to survive 

and facilitate reproduction. The host cell provides protection 

from the host's immune system. The cytoplasm is largely re-

placed with machinery that does the microsporidian's bid-

ding. 

In extremity, a microsporidian rules its host cell com-

pletely, controlling metabolism and reproduction, forcing for-

mation of an aberrant tissue growth termed a xenoma. 

Microsporidia are known to produce xenomas in earthworms, 

insects, crustaceans, and fish. 

In dropping all but the absolute necessities, microsporidia 

are essentially eukaryotic viruses; an instance of convergent 

evolution in this regard. Microsporidia have the smallest 

known genome of all eukaryotes. They have no mitochondria. 

Their molecular evolution rate is viral in its rapidity. Like 

viruses, microsporidian reliance upon the molecular machin-

ery of their hosts is as complete as can be. 

 Epiparasitism  

An epiparasite (aka hyperparasite) is a parasite of a 

parasite. A parasitic protozoan that resides in a flea's 

digestive tract is an epiparasite. Hyperparasites are typically 

far less restricted in host selection than the parasites upon 

which they rely. 

Epiparasites are commonly ectoparasites. Many are 

insects preying on other insects. 

Attack by an epiparasite usually spells the slow death of 

the host. Thus, hyperparasites are typically parasitoids. 

Some flowering plants attacked by caterpillars call for 

help by emitting airborne volatile chemicals that attract 

wasps which attack the caterpillars. The wasp parasitoids 

are themselves preyed upon by smaller epiparasites, also at-

tracted by plant volatiles that signify where the action is. 

Plants often release volatiles in response to damage by 
herbivores (e.g., by caterpillars), and these can indirectly help 
defend the plants. Volatiles can recruit the natural enemies of 
herbivores, such as predators and parasitoid wasps, whose 
offspring feed on and develop within their caterpillar hosts.  
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Such induced plant odours can also be detected by other 
organisms. Hyperparasitoid wasps also take advantage of the 
odours that plants produce in response to the feeding by 
caterpillars.  

The larvae of parasitic wasps developing inside the caterpillar 
alter the composition of the oral secretions of their herbivorous 
host and thereby affect the cocktail of volatiles the plant pro-
duces. The hyperparasitoids on the lookout for their parasitoid 
prey can preferentially detect infected caterpillars, although not 
all parasitoid wasps gave away their presence through this host–
plant interaction. ~ Dutch entomologist Erik Poelman et al 

 Energy Flow  

A meal for a diatom is a smidgen of CO2 and a few rays of 

sunshine. Overall, the trophic efficiency of photosynthetic 

primary producers is low. Only 1% of the energy in sunlight 

is converted into chemical energy. But the ingredients are 

abundant, and their capture energetically cheap. 

When a copepod consumes a diatom, 90% of the energy 

spent – in the diatom's capture, digestion, excretion, and syn-

thesis – is generated as heat; of no further use to the copepod 

or any other organism. Trophic efficiency is a measly 10%. 

The copepod is eaten by a small fish. 10% trophic effi-

ciency again. On up the chain of ingestion.  

Trophic inefficiency is why food chains rarely extend be-

yond 5 or 6 levels. Food chains are a compounding of energy 

inefficiency. A tertiary consumer in a chain originating from 

incident sunlight has employed only 0.001% of the total en-

ergy involved. 

There are primary producers that work without sunlight, 

consuming inorganic chemicals. The earliest life arose by this 

route. Capturing sunshine was an acquired art.  

Even now, benthic sentiment teems with life. Mud-bound 

microbes feast on the chemical leftovers of atoms in their last 

gasp. The chow comes via radiolysis: natural radioactivity 

that decays elements in the mud and rocks, bombarding wa-

ter, splitting H2O into its constituents, providing a near-end-

less supply of food.  

This food chain is further fed from a finale from another 

food chain, as marine snow from the ocean above showers 



 The Web of Life 159 

down into the seafloor mud. For hundreds of meters below 

the ocean floor, archaea, bacteria, and fungi thrive, all of 

them host to an audacious array of viruses. And the pace is 

relaxed. Oxygen is low, so buried microbes breath slowly. Life 

is fine where the Sun doesn't shine.  

 Trophic Loops  

Back to the diatom, though not the one eaten by the cope-

pod. This different diatom had the misfortune to die of a viral 

infection; its contents scattered into the watery world.  

This diatom DOM is at the origin of another food chain. 

Dead diatoms are not the only source of dissolved organic ma-

terial. Alive and kicking phytoplankton philanthropically 

rain marine snow. Depending upon nutrient availability, 

phytoplankton release a substantial fraction of their photo-

synthetic production as DOM. 

This phytoplankton largesse arises over lack of nitrogen. 

Light and CO2 are all they need to cobble up carbohydrates, 

but proteins and nucleic acids need nitrogen. Excess carbo-

hydrates are released, rather than stored, pending sufficient 

nitrogen. 

As long as this snow is in solution, it cannot be passed up 

the food chain. Up to 50% of solar energy used by phytoplank-

ton to fix carbon is spent from the start for lack of nitrogen. 

Some marine snow descends to a watery grave, to enjoy 

an afterlife as a carbon store, or a snack for microbes in the 

mud. A large fraction of these carbs on the loose are ingested 

by bacteria. 

This microbial loop puts photosynthetic particulate prod-

uct back into the trophic flow. DOM-fattened bacteria are vo-

raciously hunted by ciliates and flagellates, themselves 

preyed upon by copious copepods. Here we have another ma-

rine food chain. 

The average milliliter of seawater contains a million hetero-
trophic bacteria that play an essential role in remineralizing dis-
solved organic matter (DOM) by decomposing 35 to 80% of net 
primary production and converting it into particulate form, 
available for consumption by larger organisms. ~ English phys-
icist John Taylor & Roman Stocker 
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Bacterial recovery of DOM is an important aspect of ma-

rine ecology. The trophic significance of this microbial loop is 

augmented by the efficiencies involved.  

In contrast to the meager trophic efficiencies of multicel-

lular animals, typically 10%, bacteria eat at 50% trophic effi-

ciency, sometimes as high as 90%. Their tiny predators – 

flagellates, and ciliates – may consume at a 70% efficiency. 

As a result of the microbial loop, high efficiencies afford sup-

port for a vast population of consumers. 

Other organisms chow down on DOM, such as marine in-

vertebrate larvae, but bacteria have an inherent advantage: 

size. 

For little ones in the deep sea, DOM is absorbed through 

cellular membranes. The rate at which food can be absorbed 

is proportional to surface area. But a microorganism's need 

for energy is a function of its volume, not its surface area. The 

bigger, the hungrier. 

The ratio of surface area to volume is nonlinear. Surface 

area to volume progressively grows as the size of an organism 

shrinks. A 2 µm long bacterium has 50 times the surface area 

per volume of a ciliate 100 µm long.  

Hence, a bacterium is better at dining on DOM. Bacteria 

are also more trophically efficient in other ways, by virtue of 

evolutionary adaptation to better access the energy from ab-

sorbed nutrients. 

Then there is a viral loop within the microbial loop. Half 

of the bacteria at sea are infected by bacteriophages: viruses 

that specialize in preying on bacteria. 20–40% of infected bac-

teria die each day via lysis: cell wall rupture. A bacterium 

bursts, releasing DOM – the same fate as the diseased dia-

tom. 

The microbial loop reintroduces DOM into the food chain. 

The viral loop short-circuits that, dumping marine snow once 

again. 

The viral loop is significant. There are 4x1030 viruses in 

the sea – 800 tonnes – equal to 20 days' worth of carbon fixed 

by the entire ocean in 20 days.  
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 Death for Life  

A tree falls in the forest. Thus begins a feast for beetles, 

fungi, and other death-loving detrivores.  

If the tree falls into water, fish are better fed, thanks to 

decomposers that put nutrients in the drink. Other trees may 

use a rotting log as a base for their growth. 

In the trophic gyre, every death sires life. A corpse is but 

a seed to a new cycle of animation.  

 

In marine food webs, fish are typically thought of as pred-

ators. They have an often-overlooked role. Their excretions 

recycle nutrients, fertilizing sea grass and algae: feces as 

food. 

 Population Parameters  

The population of primary producers sets the stage for the 

carrying capacities of downstream consumers. Carrying ca-

pacity is the maximum population size of a species given the 

constraints imposed by the environment. 

The carrying capacity of primary producers, particularly 

plants, is determined by trophic upstream availability of raw 

materials: light, nitrogen, carbon, other key elements, and 

water if the producer is not already afloat. There is a down-

stream limiting factor to producers as well: herbivores.  

Herbivore energy is had at the expense of the producer 

population. Herbivores are not just eating the producer's 

profit – they are eating the producer. 

Hence, carrying capacity is controlled by trophic condi-

tions both upstream and downstream. This dynamic regula-

tion occurs regardless of trophic level. Carrying capacity is a 

gyral calculation. 

Apex predators are considered as having no predators of 

their own; a definition by which biologists exclude parasites 

and microbes, which are exactly what preys upon them. Pay 

no attention to the pathogens behind the curtain: the micro-

parasitic Wizards of Oz that more than carry their weight in 

affecting carrying capacity. 
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Sanitation affects carrying capacity, especially for ani-

mals, as it alters the supply of clean water. Unclean water is 

a hazard by ill-virtue of nasty little wizards or toxins which 

overcome cells' capacity to clear them.  

Similarly, pollution lessens carrying capacity, as pollu-

tion is a force that saps trophic energy in organisms to com-

bat its effects, as well as limiting nutrient supply. Pollution 

takes a thick slice of trophic energy away from all but the 

hardiest in a food web. 

 

The food web has far-reaching implications, many indi-

rect. There is a relationship between species diversity and 

the topology of predator-prey linkages. The concept of trophic 

cascade encapsulates the dynamic of predators preventing 

overgrazing, and thus increasing plant growth by chewing 

away at herbivore populations. 

 Yellowstone  

As humans settled the US west, predators of all sorts 

were wantonly slaughtered to protect livestock.  

An 1872 law established Yellowstone National Park. De-

spite Federal statute protecting wildlife, wolves were elimi-

nated there in the 1920s. By the mid-20th century, wolves 

were almost wiped out of the continental 48 states.  

Through remorse, wolves were reintroduced into Yellow-

stone in 1996. Their predation reduced browsing pressure by 

herbivores. Instead of eating greenery to the nub, elk and 

deer only take a bite or 2 before for checking for threats and 

moving on. 

The increased vegetation improved the park's degraded 

streams. Beavers, despite being on the wolf's menu, bene-

fited. The extra lumber provides food and shelter. Beavers in 

turn create dams that help keep rivers clean and lessen the 

effects of drought.  

In altering water flow in the lakes where they live, 

beavers provide accommodations for other lives. Insects, fish, 

amphibians, birds, and small mammals all gain from beaver 

efforts. The improved vivacity in the ecosystem helps feed the 

wolves. 



 The Web of Life 163 

 

The food web is but one facet of the biotic web between 

species. Widely varying in significance, a vast variety of in-

teractions between species take place, ranging from inci-

dentally indirect to studiously conscientious.  

There no apportioning consequence. However ancillary 

an interaction may seem, its import may ripple throughout 

an ecosystem. We simply cannot know the impact of disturb-

ing Nature until long after the damage is done, perhaps irre-

versibly so (via self-organized criticality). 

 Keystones  

Living things exist in a fine balance. ~ English microbiologist 
John Postgate 

Ecological networks are both fragile and robust in their 

facets and dynamics. That dichotomy spans an emerging un-

derstanding about the intricate workings of ecosystems. 

 A keystone species is one that has a disproportionately 

large effect on the health of a biome. Keystone species play a 

vital role in creating and maintaining an ecological commu-

nity. The contributions of keystone species are not always ob-

vious. 

Plants are commonly creators of ecosystems. A few ani-

mals shape their habitat to the benefit of other species. Even 

parasites can sprinkle ecological benefits where they would 

not otherwise appear. 

Seed-dispersing animals are integral to the health of the 

forest ecosystems where they live. Large herbivores, such as 

elephants and rhinos, are especially essential.  

Smaller herbivores are less productive to plants, as seeds 

either are spit out in the same place or do not survive chew-

ing or digestion. Tapirs defecate 8% of the seeds they eat, 

while elephants drop 75%, along with copious fertilizer. 65% 

of elephant-deposited seeds germinate. 

Megaherbivores act as the 'gardeners' of humid tropical for-
ests. They are vital to forest regeneration and maintain its struc-
ture and biodiversity. ~ ecologist Ahimsa Campos-Arceiz 
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Microbes, plants, and animals affect the lives of others in 

a variety of ways. Ecological interactions of all kinds form an 

interdependent web. 

The addition or loss of particular species and the alteration of 
key interactions can lead to the disassembly of the entire inter-
action web. ~ Mariano Rodriguez-Cabal et al 

 Rainforest Ants  

The production of organic matter in tropical rainforests is 

prodigious. Living and dying creates tonnes of debris. It has 

to be cleaned up or the forest would suffer.  

Thanks to ants, the rainforest floor is kept in good condi-

tion. Ants account for over half of debris removal in the rain-

forest. Collectively, ants are crucial ecosystem engineers. 

The movement, consumption, and recycling of dead organic 
material in ecosystems is important because it facilitates nutrient 
redistribution and decomposition. Because ants collect waste 
products and take them to their nests, they create hotspots of 
nutrients where plants and microbes thrive. This maintains a di-
verse and healthy soil. ~ English ecologist Catherine Parr 

 Sagebrush  

In the western United Sates, sagebrush is often the dom-

inant vegetation over vast areas. It is a highly digestible for-

age: high in protein and other nutrients. Sage grouse and 

ungulates migrate long distances for it. Sagebrush offers 

thermal and security cover for animals. In sum, sagebrush is 

a keystone species in a sparsely populated landscape. 

Herbicide applications, mechanical treatments, and pre-
scribed burning are commonly applied to large areas in big 
sagebrush communities, often with the goal to improve wildlife 
habitats. Managers should refrain. ~ American ecologist Jeffrey 
Beck et al 

 Marshes  

Acre for acre, salt marshes are among the most valuable eco-
systems on the planet. ~ American ecologist Mark Bertness 

Marshes form a transition zone between aquatic and ter-

restrial ecosystems. Marshes are found worldwide. 
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3 types of marshes are delineated by water quality: salt, 

freshwater tidal, and freshwater. Each type is home to differ-

ent communities.  

Salt marshes are the most challenging for plants in hav-

ing to accommodate high salinity. Nonetheless, salt marshes 

are important to aquatic and terrestrial food webs, and in de-

livery of nutrients to coastal waters. 

Unsurprisingly, plants form the foundation of marsh eco-

systems. Grasses, reeds, and rushes dominate marsh vegeta-

tion; establishing habitats for many invertebrates, fish, 

amphibians, waterfowl, and mammals. The bioproductivity 

of marshes is among the highest of all biomes. 

Marshes are a mosaic of extensive unvarying vegetation 

in patches of uniform composition, with sharp transitions 

over tiny topographic gradients. Different plants have spe-

cific preferences for elevation based upon soil aeration and 

salinity. 

It was long thought that plant distribution within a 

marsh was a passive adaptation. Instead, plants adjust their 

elevations by producing different volumes of organic soil, and 

by trapping and accumulating inorganic sediments. Each sin-

gle-species community builds up the elevation of its substrate 

to a favorable range, much the way that corals do in the 

ocean.  

Plants make a trade-off when colonizing within their 

preferential range: locating themselves slightly above the el-

evation of maximum biomass productivity. This gives the 

plants a safety margin of compensation for environmental 

fluctuations. A community hedges its bet by paying with a bit 

of productivity for greater long-term stability. 

Predators are key to the health of marshes. If their pres-

ence is diminished, such as by overfishing or excessive crab-

bing, populations of prey are left unchecked. Overabundant 

herbivores then eat up the plants that are the foundation of 

marsh ecosystem health. Disruption at the top of the food 

chain cascades to unbalance the entire ecosystem. 

River dredging and damming starve marshlands of sedi-

ment, creating erosion vulnerability. More directly, wetlands 

are drained to create agricultural land or expand urban 
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sprawl. Man has consistently been a wantonly destructive 

creature. 

Populated areas of the world have already lost 90% of 

their wetlands, including marshes. Coastal development has 

been the major cause for the loss of salt marshes. 

 

 Canary Islands Trees  

The Canary Islands are an archipelago only 70 kilometers 

west of the Sahara Desert. The islands receive virtually no 

rainfall. 

But the Canary Islands long had rich forests. Moisture-

rich fog drifted in from the Atlantic Ocean and anointed the 

trees with plentiful water. These trees were key to a viable 

biome. 

When humans populated the islands, they chopped down 

enough trees to deforest entire islands. When the number of 

trees went past the point of self-organized criticality, there 

was not enough water to sustain any population. Drying out 

the land destroyed the ecosystem. 

Restoration has not been possible. The islands' water sup-

plies are inadequate to keep newly planted trees from drying 

out. 

 

In shaping their habitats by their constructions and other 

efforts, beavers and hippopotamuses are ecosystem creators. 

Both craft the effect by altering aquatic features on the ter-

rain. 

In flooding African plains, hippos bulldoze paths that cre-

ate water channels, diverting swamp flow. These hippo wa-

terways are used by many other animals, including grazing 

herds and crocodiles, who treat the channels as lanes to the 

diner. 

The 40 kilograms of grass that hippos eat each night re-

cycle nutrients, providing loads of dung for insects and 

smaller life near the bottom of the animal food chain.  

Elephants are messy eaters: ripping trees and other veg-

etation apart. Their voluminous scraps provide ready-to-eat 
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meals for a bevy of other herbivores, including rhinos, geckos, 

frogs, and an array of invertebrates. 

As ecosystem service-providers of a different sort, pollina-

tors are something of a keystone. In that they typify the bot-

tom of the terrestrial food chain, plants are a root keystone 

in every terrestrial ecosystem. 

The oceanic realms also ultimately rely upon producers 

and the most prolific in the lower rungs of the food chain, 

such as sardines. As constructors, the beavers of the sea are 

coral reefs and their northern cousins: kelp beds, which cre-

ate environs for others to flourish. 

 Rarities  

In ecological systems, most species are rare – that is, repre-
sented by only a few individuals or restricted to particular hab-
itats. Around the world, the human-induced collapses of 
populations and species have triggered a mass extinction crisis, 
with rare species often being the first to disappear. ~ French 
ecologist David Mouillot et al 

Biodiverse environments are characterized by large num-

bers of rare species. These rarities uniquely contribute to eco-

logical vitality in ways that common species cannot. 

Pyramidal saxifrage is a long-lived European alpine plant 

with thick, dense leaves, adapted to stressful environments. 

This rare cliff dweller is important in the species-poor lands 

where it resides. 

Pouteria trees in the Guyana rainforest grow to over 40 

meters high. They have thick, plate-like bark and low-density 

wood. These rare trees are particularly resilient to drought 

and fire, and so act as a buffer in helping maintain forest 

structure during stressful times. 

Batfish are a rare fish that keep algae growth in check 

around and on coral reefs, while common parrotfishes and 

rabbitfishes, with similar diets, fail do so. On the Great Bar-

rier reef, batfish eat seaweed that more common fish will not 

touch. Seaweed inhibits coral. 
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 Parasites  

Manipulative parasites modify energy flow among organisms, 
and consequently affect the structure, dynamics, and function-
ing of food webs. ~ Japanese zoologist Takuya Sato  

The power of parasites paints the trophic pyramid a par-

ody. Unlike top predators, whose feasting is largely self-serv-

ing, parasites are often biome keystones; admittedly an 

irony, considering their lifestyle.  

Hairworms are a cricket's worst nightmare. A cricket 

with this worm inside is fine until the parasite reaches ma-

turity and feels the urge to escape into the water. Then the 

worm forces its cricket host to stumble into a stream, where 

it becomes fish fodder. In some watersheds, fast-food delivery 

of crickets accounts for more than half the dietary intake of 

trout living there. 

The mudflats on the coast of New Zealand are rich with 

the New Zealand cockle. This clam is subject to infection by 

a parasitic fluke (Curtuteria australis) that embeds itself in 

the mollusk's foot muscle. As parasites accumulate, the clam 

loses the use of its foot muscle, so it can no longer dig its way 

to safety. Stranded on the mudflat, the clam becomes easy 

pickings for shorebirds. This suits the fluke. Infected birds 

complete its life cycle. The fluke's handiwork paves the mud-

flat with clam shells, enriching the environment and raising 

biodiversity. 

 Mistletoe  

Mistletoes provide structural and nutritional resources within 
canopies. ~ Australian ecologists David Watson & Matthew 
Herring 

Essentially tree leeches, mistletoe represent a successful 

business model. There are over 1,300 species, found in forests 

around the world, both boreal and tropical. 

Mistletoe is a hemiparasitic plant that can damage or 

even kill its host tree. Birds snack on the berries, but only the 

aptly named mistletoebird makes the mistletoe its main meal 

ticket.  
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Many animals drink mistletoe nectar or eat the leaves or 

berries. Some birds use the leaves for nest lining, or nest in 

mistletoe clumps. 

To keep to the trees, mistletoe berries are a sticky, viscous 

goop with a sturdy seed inside. After eating the berries, birds 

often regurgitate the seeds. They then wipe their bills on tree 

twigs to clean them off, leaving the sticky seeds attached to 

their new home. 

For birds that swallow seeds, such as the silky flycatcher, 

the stickiness persists through digestion. To clean up after a 

berry dump, they wipe their butts on branches, pasting seeds 

as they go. There is evidence that the term mistletoe is old 

Anglo-Saxon for "dung on a twig." 

Mistletoe matters. Without mistletoe, bird populations 

drop by over 25%, and woodland-dependent residents decline 

by 35% or more. Species richness goes poor sans mistletoe. 

Weakening and killing trees is good business for wood-

boring bugs, and bugs are good business for birds.  

What's more, mistletoe shed a lot of their leaves: 3–4 

times the rate of host trees. This adds depth to the leaf litter 

pile in the woods, upon which insects may thrive. 

Nonparasitic plants suck all the nutrients out of their 

own leaves before they let them fall, sending dry containers 

to the ground. In contrast, as mistletoe draw water and nu-

trients from their host, they are more nonchalant about leav-

ing nutrition in their falling leaves. Thus, mistletoe leaf litter 

is unusually high-quality.  

As evergreens, mistletoe grow all year, even when trees 

are dormant. Their berries are valuable sustenance to birds 

as winter fruit. To the leaf-eaters below, it is a perennial mis-

tletoe banquet. 

Hence, mistletoe act as a keystone species by providing 

tasty leaf fodder, and by increasing the velocity of turnover 

in a biome; an instigator in a biotic butterfly-effect vortex. 

 

Nefarious life is important to ecosystem health. Besides 

mistletoe, herbivorous insects and plant fungal pathogens 

play an important role in promoting forest and woodland 

plant diversity. Without forced attrition from plant pests a 
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relative few species would dominate. This is particularly true 

in the tropics, where vegetation is especially lush. 

 

Plant and animal keystones are dwarfed in scale by the 

littlest cohabitants. Most microbes are keystones in their 

symbiotic contributions to other life, both plant and animal. 

The idea of keystone species represents something of a 

gold star for inadvertent community service. The concept is 

relative, and limited, as it does not capture the interdepend-

ence that characterizes biotic dynamics.  

As prey, sardine and salmon are emblematic of keystone 

species, by virtue of serving a central role in a local food web.  

The dolphins on the pilchard tongue run become keystone 

cops, balling sardines for others to bust for a feast. The griz-

zly bears that eat salmon so sloppily spread vital nutrition to 

others. Though sardines and salmon are keystone prey, so too 

are dolphins and bears as keystone predators. 

In western Australia, honeyeaters are important in polli-

nating numerous plants. Each winter these birds rely upon 

banksia flowers to survive, as other local plants are not 

blooming. The loss of banksia would spell doom to the hon-

eyeaters, and so on through the web of interdependence in 

that ecosystem.  

Ecosystems exist in a fine gyral balance. It is difficult to 

assess the importance of any species as the intertwine with 

their ecosystem is often subtle. So, forget the idea of keystone, 

and consider all life important – mostly because we know so 

little. 

 Invasive Species  

Invasive species are a worldwide scourge – a nasty side effect 
of modern transportation technology and economic globaliza-
tion. ~ The Week 

An invasive species is a plant or animal introduced into 

an ecosystem which then has a disruptive effect by establish-

ing itself as dominant, to the diminishment or exclusion of 

native species.  
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An introduced species may establish itself by using re-

sources unavailable or untapped by natives, such as plants 

tolerating low-nutrient soils, or outcompeting indigenous an-

imals that feed on the same food sources.  

An invasive species tends to be successful when intro-

duced into a habitat like the one in which it evolved. Amphib-

ian introductions are particularly successful. When frogs and 

salamanders come into an area where a similar species ex-

ists, they are more, not less, likely to establish themselves. 

Darwin staunchly predicted otherwise. 

Generalist species may rapidly adapt to their adopted 

home. Their tolerance for temperature and other variables 

gives them a head start. 

 Plants  

The purple loosestrife is a flowering plant native to north-

west Africa, Europe, Asia, and southeastern Australia. When 

it was inadvertently cut loose in eastern North America, the 

loosestrife did so well as to earn condemnation as "one of the 

world's most serious wetland invaders." The loosestrife man-

aged its notoriety by quickly adapting to the local climate.  

The creeping daisy, native to Central America and the 

Caribbean, received a different reception upon its prolific in-

vasion of Fiji via rapid climate acclimation. The daisy was 

welcomed by the local pollinators, and by crop growers con-

cerned about a decline in pollinating insects. They thought it 

harsh that the daisy was damned a "nuisance weed."  

 

Many plant species can persist at low population densi-

ties. Propagation prospects improve with more favorable re-

source abundance, fewer competitors, or herbivores. This is 

true for either native or introduced species.  

Oftentimes, exotic and native plants live together rela-

tively peaceably. Such instances seldom inspire the deroga-

tion invasive among judgmental onlookers. 
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Exotics often face a circumstance that sets them back: 

previously unencountered herbivores. Insects are particu-

larly fond of new plant species that have yet learned how to 

cope with them. 

An introduced species may occupy a new habitat at low 

density, biding its time until conditions ripen for rapid ex-

pansion. Decades may pass before an exotic plant pushes a 

population surge, outcompeting the natives and becoming 

the dominant plant in the community. Only then is the inva-

sive label pinned on it. 

 Kudzu  

Kudzu is a hardy perennial vine, originally native to the 

Japan. Kudzu was introduced to China and Korea centuries 

ago. In those countries, winter weather induces an above-

ground die back, keeping the vine from becoming a nuisance. 

Kudzu was introduced to the United States in 1876, at an 

exposition in Philadelphia. Its debut in the south was at a 

New Orleans exposition, in 1883. 

From then, the vine was widely marketed in the south-

east as an ornamental plant, to shade porches. During the 

first of the 20th century, kudzu was distributed as a high-

protein fodder for cattle and employed as a cover plant to pre-

vent soil erosion, especially during the Dust Bowl years, in 

the 1930s.  

During the 1930s and 1940s, the federal government 

grew and subsidized planting kudzu. By 1946, 1.2 million 

hectares of kudzu had been planted. 

Kudzu thrived in the subtropical southeast; so much so 

that the US Department of Agriculture (USDA) removed 

kudzu from its list of suggested cover plants in 1953. In 1970, 

the USDA decreed kudzu a weed, whereupon kudzu became 

accursed as an invasive species. 

All the while, in Japan and Korea, kudzu root is cooked 

and eaten, and used in herbal medicines. Kudzu is fed to sick 

animals to abet their recovery. The Chinese also use kudzu 

as a natural medicine, including as a treatment for alcohol-

ism. 
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Wind, water, and animals, notably humans, commonly 

act as transport for species introduction. Changing climate 

can remove one or more obstacles that keeps a biome isolated. 

 King Crabs Under Antarctica  

 Antarctica separated from South America 40 MYA. From 

the divorce emerged a circumpolar ocean current, which iso-

lated Antarctica from warmer air and water masses farther 

north. This plunged the new continent into perpetual winter. 

Falling temperatures brought a bloom of soft-bodied 

echinoderms on the sea floor. These invertebrates – sea 

cucumbers, brittle stars, sea spiders, sea stars, and sea lilies 

– date back to the early Cambrian. 

Echinoderms flourished because their predators were 

being excluded with the creeping cold. The water got too 

frigid for sharks and carnivorous crustaceans.  

At less than 0 °C, crabs and lobsters cannot regulate the 

magnesium in their body fluids. This leads to clumsiness, 

breathing paralysis, and narcosis. 

The fish under the Antarctica ice shelf evolved antifreeze 

proteins to keep blood flowing. Unlike their cousins in balm-

ier seas, these ~100 species lack powerful jaws, and so pose 

no threat to the unprotected echinoderms. 

The water directly under Antarctica's ice shelf is slightly 

warmer than the ocean water at its edges. The cold, salty wa-

ter in the Southern Ocean sinks below the less dense water 

directly under the ice shelf. 

The polar regions early on showed the effects of global 

warming caused by human pollution, most notably glacier 

loss and increasing sea ice melt during the summer. That, 

and a hole in the ozone layer over Antarctica, have resulted 

in westerly winds strengthening and the circumpolar current 

intensifying.  

These changes have lifted warmer water over the lip of 

the continental shelf. The temperature difference is only 1.8 

°C, but it has been enough to allow passage back for crusty 

carnivores. Long excluded by a barrier of cold, king crabs in-

vaded Antarctica in 2011. Their incursion is causing a major 

reduction in seafloor biodiversity.  
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More generally, global warming is opening new habitats 

to many species, both flora and fauna, in a diverse variety of 

ecosystems. From a geologic time-frame perspective, the mix 

of biota worldwide is rapidly changing. 

Islands and other environments where species competi-

tion has been minimized favor invasive species. Disruptive 

ecological events, such as wildfire, can improve prospects for 

invasive species. 

Successful plant and animal migrated species typically 

have at least some the following traits: generalist capacities, 

such as being able to eat a variety of foods, and/or tolerate a 

wide variety of environmental conditions; good dispersal abil-

ity; fast growth; rapid reproduction; and phenotypic plastic-

ity: the ability to alter themselves to suit current conditions. 

For all that, invaders are almost always no more successful 

in their new habitat than they were in their old.  

An exotic species invariably carries with it its own micro-

biome, and frequently parasites. Hence a migrant may pose 

less of a threat to its new habitat than its passengers.  

Often the label invasive represents a snapshot impres-

sion. Many introduced species are considered native by the 

natives. 

 Ecosystems  

An ecosystem is an environment with life. While ecosys-

tem analysis emphasizes resident organisms – biota – in a 

biome, an ecosystem also includes the abiotic (non-living) el-

ements within the area. 

The biota in a biome invariably comprise a trophically-

tiered community of energy producers and consumers. The 

health of a biome depends upon a balance of biota, character-

ized as a web of interrelations. 

Geographically, the biosphere is the zone of life on Earth, 

bounded by space on the outside, and, on the inside, the man-

tle upon which the oceans and terrain ride. There are 4 ele-

ments (bioelements) of the biosphere: atmosphere (air), 

lithosphere (land), hydrosphere (water), and biota. With the 
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arrival of the last bioelement – biota – the biosphere was born 

(biogenesis). 

Each ecosystem has its own signature. There is a subtle 

geographic harmonic to a biome, defined at the baseline by 

abiotic elements, beginning with the geological and climactic 

characteristics of the region, which shape other bioelements. 

Biota are affected by the local geographic harmonic which is 

expressed upon them as an energetic resonance.  

The relations between bioelements comprise ecology. As 

an academic discipline, ecology studies life's relations as a 

subdiscipline of biology. 

Biodiversity refers to the diversity of life at every level, 

from genes to ecosystems. Though commonly used as short-

hand for species diversity, biodiversity also comprises the di-

versities of genomes, ecosystems, and ecologies. 

Biodiversity is the primary factor in an ecosystem's self-

organized criticality. The greater the biodiversity, the more 

robust an ecosystem is. Conversely, decreasing biodiversity 

increases the propensity of an ecosystem to collapse under 

stress.  

A habitat is the environment in which a specific species 

population lives. There are as many habitats within an eco-

system as there are species. Each habitat is characterized by 

the ecology of the species – that is, the various interactions a 

species may have during its life cycle. 

 Ecology Gyre  

In Nature all is harmony, a consonance forever agreed on.  
~ Russian poet Fyodor Tyutchev 

Abiotic elements provide the substrate for life. Atmos-

pheric and water qualities provide a baseline for an ecosys-

tem. Everything that lives relies upon the air around it and 

water upon it. 

Water quality is critical to life: purity, chemical composi-

tion, pH, temperature, salinity, and clarity. For an ecosystem 

to arise, life must adapt to the water supply. 

Biogeochemical cycles are the wheels upon which ecology 

turns. The organic elements are the crucial characters: car-

bon, nitrogen, oxygen, phosphorous (essential to cellular 
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structures and processes), and sulfur (a cardinal protein com-

ponent). Then there is water. 

While not alive in the organic sense, the atmosphere, lith-

osphere, and hydrosphere are all gyres: fluxing with produc-

tions, intake and output, and interactions with biota. The 

recycling of abiotic elements drives the ecology of every eco-

system. 

Reproduction and recycling are comparable as a numbers 

game. To one looking at an ecosystem as a series of snap-

shots, water's "population" changes appear mathematically 

quite like biotic populations in dynamic fluxes. The strong 

correlation exists because all life relies upon water. 

Nitrogen is another dramatic example. Nitrogen's reluc-

tance to take a biologically-usable form makes nitrogen fixa-

tion a highly-prized skill. Balanced recycling is essential. 

More than any other element, nitrogen availability limits bi-

otic growth potential. 

While life certainly affects the water cycle and other abi-

otic gyres, the converse is not true. Albeit altered, even dra-

matically, abiotic dynamics continue regardless of life. This 

is the striking asymmetry between bioelements. In being 

heavily dependent on a tolerable confluence in other bioele-

ments, biota is the odd element out. Life is the most fragile 

bioelement. 

A 4 °C temperature difference between the Indian and 

Pacific Oceans 2 million years ago (MYA) shifted rainfall pat-

terns across Africa, drying East Africa. Grasslands replaced 

woodlands. A gyre of speciation happened: adaptations of 

plants, grasses, grazing animals, and their predators. Loss of 

woodlands drove hominid development.  

The dynamic interactions of each biospheric element are 

an enduring dance within each element and with the other 

elements. Ecology is constantly in flux. 

 Soil  

Soil lies at the heart of Earth's 'critical zone' – the thin veneer 
extending from the top of the tree canopy to the bottom of aq-
uifers. ~ American environmental engineer Steve Banwart 
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For terrestrial ecosystems, soil is the fundamental sub-

strate. Its quality is a key resource for life aboveground. 

Soil starts as relatively large lumps that are identical to 

parent rock in chemical composition. Young soils are variable 

in their nutritional base.  

Microbes are ever the initiators of every ecosystem. Their 

success and diversity determine the support base for other 

life. Soil quality reflects this. The smell of rich earth ema-

nates from geosmin (C12H22O) produced by Streptomyces soil 

bacteria. As an evolutionary adaptation to appreciate soil 

conditions, the human nose is extremely sensitive to ge-

osmin: able to detect it at concentrations as low as 5 parts per 

trillion.  

The pioneer plants that invade a new soil must tolerate 

severe conditions. To ease the arduousness, these plants of-

ten associate with nitrogen-fixing prokaryotes. Many lichens 

harbor cyanobacteria which help them establish themselves. 

Some flowering plants have root nodules that nestle micro-

bial assistance. 

In establishing their residence pioneers significantly 

change the soil. Carbon dioxide from root respiration pro-

duces carbonic acid which accelerates chemical weathering.  

Dead plants become a substrate for less hardy microbes 

than those that first landed. Humus forms, greatly increas-

ing a soil's capacity for holding water. As roots grow and pen-

etrate bedrock, they create cracks, breaking rock apart. 

Soil matures into 3 layers, or horizons, unimaginatively 

labeled by convention as A, B, and C. The uppermost horizon 

(A) is a leaching layer: organic debris breaks down and is 

washed downward into the middle layer by rainwater.  

Nutrients accumulate in the middle horizon (B), which 

contains humus and clay. The deepest horizon (C) comprises 

parent rock and fragments, resembling soil's earliest times. 

Soils become chemically less diverse as they mature. As 

rock weathers, roots absorb essential elements which become 

trapped in the plant body. Plant parts slowly recycle these 

elements into the soil. Nonessential elements leach away. 

In processing soil over time, plants are the drivers of eco-

logical chemistry. The composition of the plant community is 

a harbinger for the fate of a terrestrial ecosystem. 
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In good soil that is a largely homogeneous substrate, veg-

etation patterns itself upon water need and availability. As 

rainfall decreases, plants become sparser until aridity col-

lapses into desert. 

Though winds often blow rain clouds from the ocean to 

deposit their liquid load on lands near shore, there is corre-

lation between soil moisture and locally generated rainfall 

inland. The process is intricate, but the upshot is that areas 

naturally tend to retain their humidity level via a self-rein-

forcing feedback loop. 

During the day, the Sun warms the Earth, evoking evap-

oration from inland lakes and rivers, and from the soil itself. 

Water vapor rises until it meets colder layers of air and con-

denses. Then it starts to rain. 

The more moisture in the soil, the more water that evap-

orates, increasing the likelihood of an afternoon shower. In a 

humid region, areas with lower soil moisture produce the 

warmest air, facilitating water vapor to rise the highest and 

meet cooler air layers the soonest. It rains most frequently in 

these places. 

Afternoon precipitation events tend to occur during wet and 
heterogeneous soil moisture conditions, while being located 
over comparatively drier patches. ~ Swiss climatologist Benoit 
Guillod et al 

Soil quality and Earth's atmospheric gas composition are 

intricately intertwined via several dynamics. 

Nitrogen is the nutrient that most often limits rates of plant 
growth. ~ American ecologist Christine Goodale 

Even during summer dry spells, some patches of forest 

soil remain waterlogged. These catchments are hot spots of 

microbial activity that removes nitrogen from groundwater 

and releases it into the atmosphere.  

Denitrification (nitrogen removal) typically reduces plant 

growth and thereby lessens forest productivity. Water reten-

tion and drainage affect soil quality and the nitrogen cycle in 

a surprising way: too much soil moisture during dry times 

reduces nitrogen, and thereby limits plant vitality. 
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The acidity of soil determines how much nitrous acid out-

gasses into the atmosphere or is retained as nitrite. Via ni-

trification by soil microbes, nitrite (NO2
–) turns into nitrate 

(NO3
–), which is a usable form of nitrogen for plants. 

Nitrous acid (HNO2) plays a key role in regulating atmos-

pheric processes. Sunlight breaks nitrous acid down into ni-

tric oxide (NO) and a hydroxyl radical (OH). OH controls the 

atmospheric lifetime of gases which affect air quality, includ-

ing catalyzing the chemistry that forms ground-level ozone, 

a primary component of smog. 

Although hydrogen is an abundant element throughout 

the universe, H2 is present in only trace amounts in Earth's 

atmosphere. Certain soil bacteria scavenge it out of the skies 

for fuel. Soil actinobacteria are the main sink for atmospheric 

hydrogen. This in turn influences the concentrations of other 

atmospheric gases, including methane (CH4) and nitrous ox-

ide.  

Small invertebrates – especially earthworms, ants, and 

termites – help keep soil healthy, allowing soil to absorb de-

cayed plant organic matter and thus nourish vegetation. 

These critters also maintain an ecological balance which lim-

its the incursion of detrimental species.  

In contrast, monoculture agriculture destroys natural bi-

odiversity, reducing soil productivity, and allowing infesta-

tion of unwelcome pests. The typical response by modern 

farmers has been to apply chemicals which further degrade 

soil quality. From a perspective of maintaining a sustainable 

or depletable resource, human agriculture is stunningly in-

ept. 

 Termites  

In many parched ecosystems, termite nests serve as oases 

in the desert. Termites improve soil quality, enhancing plant 

growth. 

We tend to think about large mammals as being the big dom-
inant driver of what's happening in the savanna, but the more 
we look at the termite mounds the more they seem to be driving 
what's going on. ~ American ecologist Robert Pringle 
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As termites dig through the ground, the plethora of holes 

they create allow rain to soak deep into the soil rather than 

running off or evaporating.  

Termites artfully mix particles of sand, stone, and clay 

with organic bits, including their own feces and other bodily 

excretions. That helps soil cohere, retain nutrients, and resist 

erosion.  

Termite gut bacteria are avid nitrogen-fixers: able to ex-

tract this vital element from the air and convert it into usable 

fertilizer. 

Termites are the ultimate soil engineers. ~ English entomol-
ogist David Bignell 

 Community Ecology  

Ecological networks are complex, with each species typically 
closely linked to all others, either directly or indirectly. ~ Span-
ish biologist José Montoya et al 

From the base up, the trophic pyramid encapsulates the 

process by which an ecosystem arises. Producers create op-

portunities for the initial consumers, and so on up the ladder 

of predation, to top predators. 

A multitude of factors determines the gyre of an ecosys-

tem's evolution, which is displayed like a moving picture, by 

a biome's biodiversity. These factors affect habitat viability: 

climate, environmental heterogeneity, the arrangement and 

patchiness of resources, and the nature, distribution, and in-

teractions of biota in their multifarious relationships.  

The most abundant few species often numerically dominate 
communities and play a disproportionately large role in com-
munity and ecosystem processes. ~ Australian ecologist Sean 
Connolly et al 

Biodiversity is a complex product of ecosystem ecology. At 

every scale, from microbial to floral to animal, species differ 

in their importance to a community. 

Ecological balance extends throughout the food web. For 

instance, loss of apex predators can have an outsized impact 

on an ecosystem.  
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Top consumers in the food web are enormous influencers of 
the structure, function, and biodiversity of most natural ecosys-
tems. ~ American ecologist James Estes 

Little is known about ecosystem ecology: neither what 

makes for optimal dynamics, nor how much stress a commu-

nity can take before it collapses (self-organized criticality). 

 Plant Stress  

Plants play a key role in terrestrial ecosystems. Beyond 

herbivores that directly consume plant matter, 85% of plant 

production ends up as debris that feeds insects, fungi, and 

microbial decomposers. Plant death is almost as important 

as its life. 

Plants have defensive responses to various stresses. 

These include adding toxic chemicals to their leaves and re-

distributing nutrients, such as lowering the nitrogen content 

of plant parts that herbivores prefer. The upshot of plant 

stress is lowering the nutrient content of leaves and branches 

that comprise the bulk of debris that feeds the minute masses 

on the ground. Thus, the nutritional quality of leaf litter di-

rectly affects the bottom of the food web in nearby land and 

streams, and indirectly influences the entire heterotrophic 

food chain in the area. 

 

Ecosystems exhibit self-organized criticality: able to re-

cover from damaging events, but subject to devastation from 

conditions that are too adverse for too long.  

Rapidity of adaptation has its limits, particularly for 

more descendant life forms, which are dependent upon the 

ecological landscape defined by less-elevated life. The fate of 

the later-evolved relies upon the well-being of more primitive 

organisms – the evolutionary irony of biotic entanglement. 

Though the effect is melodramatic, catastrophic events 

are rare. More commonly, thriving ecosystems are dimin-

ished by incremental quality changes in fundamental abiotic 

elements: degraded air, water, and/or soil. 
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With their different natures, the ecologies of microbes, 

fungi, plants, and animals are dissimilar, even as the dy-

namic fecundity of an ecosystem is intertwined among all bi-

ota. Numerous concepts relating to biotic ecology are known: 

food webs, tropic chains and loops, resource competition, key-

stone species, and interspecies relations, in forms both non-

symbiotic and symbiotic. But the holistic gyre is greater than 

the mere sum of species populations in sustaining a healthy 

ecosystem. 

Biodiversity is an abstract measure of the health of an 

ecosystem. The baseline for a biome's potential biodiversity 

depends upon climate, especially for terrestrial biomes. 

Whereas tropical forests are species-rich, polar regions 

support less diversity. For marine environments, sustained 

nutrient flow engenders biodiversity. Most notable are the bi-

otic anchor of coral reefs and near cold-water upwellings. Un-

like terrestrial life, marine ecosystems thrive near the poles. 

Vast areas of the ocean near the equator are sparsely popu-

lated.  

 

Different plants have their niches in a forest. Tall trees 

dominate a competitively created canopy; each tree vying for 

sunlight.  

The understory is another plant community, with similar 

competition, albeit on a different scale. Plants in the under-

story are a mixture of ground cover, shrubs, and canopy tree 

saplings. Young canopy trees may stay as juveniles for dec-

ades, awaiting an opening in the forest overstory. 

With less direct sunlight, the forest understory is more 

humid than exposed areas. The higher humidity allows fungi 

and other decomposers to flourish.  

The rich earth drives nutrient cycling, providing a favor-

able environment for all kinds of organisms, beginning with 

the microbes and plants which directly rely upon soil quality. 

A portion of the understory becoming exposed to direct 

sunlight from an opening in the canopy creates a cascade of 

local changes. More generally, a local event, such as fewer 

herbivores, can have a butterfly effect, and alter the dynam-

ics of the biotic community.  
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Plants illustrate the difficulty in holistically comprehend-

ing the often subtle ecology gyre. For every combination of 

climate, soil, and altitude, there should be, hypothetically, a 

single plant species that grows better than others: occupying 

a greater vegetative spread and producing more seeds. This 

Darwinian concept is the competitive exclusion principle, 

which leads to the expectation that plant species richness 

should be uniformly low.  

Instead, plant communities typically comprise numerous 

species, living side by side, that are nominally competitive. 

The logic of the competitive exclusion principle is impeccable, 

but its assumptions are unrealistic. 

Environments are neither spatially uniform nor tempo-

rally constant. Soil qualities differ. Exposure to weather and 

other disturbances are not the same. Impacts from patho-

gens, herbivores, and pollinating agents vary. Then factor in 

that each plant has different tolerances and strategies.  

So, the ecology gyre constantly fluxes for a microbiome 

from minor events. And spillovers from one microbiome to 

neighboring ones change conditions in a cascade.  

While plants are rooted to a spot at any one time, animals 

wander about; creating damage to certain plants and oppor-

tunities for others; altering the vegetation mix, which affects 

herbivore foraging in seasons to come. As herbivore popula-

tions flux, so too the prospects for predators.  

The nuanced balance is illustrated by grasshopper life 

and death. Grasshoppers constantly stressed by the prospect 

of predation alter their diet: eating more carbohydrates to 

meet their heightened energy needs. Consuming less protein 

means a grasshopper with less nitrogen. A nitrogen-poor 

corpse is less attractive to soil microbes, which require nitro-

gen to produce their decomposing enzymes. 

The cascade effects of an unbalanced ecosystem can be 

considerable. Soil fertility affects plant growth, which im-

pacts plant nutrient value to herbivores, on up the food chain. 

 Island Biomes  

Continental landmasses seem like ecological slowpokes 

compared to the biotic drama of oceanic islands, which are 
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spawned by volcanoes and die by subduction. These islands 

sprout, grow, erode, and sink beneath the sea in geological 

time. Island biomes provide concise character studies of ecol-

ogy gyres. 

In the millions of years between volcanic cradle and wa-

tery grave, islands transform, and their tenants turn over 

time and again. Species ecologically adapt, occupy empty 

niches, specialize, and become exclusive.  

Young islands with high mountains enjoy an increase in 

endemic ecosystems, with greater biodiversity and more 

unique species. The more diverse the lithosphere, the more 

diverse the biota. 

The classic example of a speciation surfeit is the Galápa-

gos Islands, owing to the rapid transformation of the volcanic 

islands there. The Galápagos gained notoriety as the inspira-

tional terrain for English naturalist Charles Darwin, who 

concocted serial theories of evolutionary descent after visit-

ing, but never credibly explained how evolution works.* 

 An important influence in making the Galápagos an evo-

lutionary hotspot is the cold Cromwell current coming from 

the west. The current brings an upwelling of nutrients that 

feeds the trophic web in the waters about the islands, cascad-

ing to the animals that forage in the sea. 

 Synopsis  
All species are connected in the web of life. ~ Italian ecol-

ogist Giovanni Strona 

Defining Life 

➢ 2 facets characterize life: form and function; but biome-

chanics do not sufficiently characterize life. Life is about 

information and its energetic application. As a working 

definition, life is ecologically applied intelligence and in-

telligence is ecologically appropriate behavior. 

 
* See Spokes 3: The Elements of Evolution. 
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Communication 

➢ Communication is transmission of information. Some is 

intentional (signals); much is not. Reception is neither in-

cidental to communication nor is it requisite to the defi-

nition of communication. 

➢ The tenor of communication varies depending on the re-

lation between sender and receiver. Subtlety is used for 

intimacy, clamor for aggression. 

➢ Metacommunication is a communication qualifier: a way 

of contextually qualifying behaviors that follow. An exam-

ple of metacommunication is a preface to play: indicating 

that what could otherwise be interpreted as aggression is 

intended in the spirit of fun. 

➢ Some animals get attention by communication substitu-

tion: signaling in a way that relies upon a strong pre-ex-

isting reception, then adjusting the receiver's response to 

suit the sender. 

➢ Honesty and deception are evolved communication forms. 

Nature adaptively insists upon honesty under certain cir-

cumstances, such as when deception may be unneces-

sarily harmful to the sender. Conversely, deception finds 

favor when a sender considers it potentially helpful. Fear 

typically drives deception. 

Communications Media 

➢ The physical media for communication are chemistry 

(molecules), used by all life; electromagnetism (light, 

heat, electricity); and mechanical vibrations (sound). 

➢ Communication modalities evolved in the context of hab-

itat. 3 facets pertain: 1) what travels best between sender 

and receiver; 2) what delivers a relatively robust signal; 

and 3) the extent to which the interests of the sender and 

receiver coincide. 
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Cellular Communication 

➢ Within and among cells, communication is essential and 

constant. The term cell signaling signifies the communi-

cation protocols employed. 

➢ Cells rely upon intelligence received by communication to 

plan, schedule, and determine activities and their vigor. 

Biosphere 

➢ The biosphere comprises the sum of the Earth's ecosys-

tems. Geographically, the biosphere is the zone of life on 

Earth, bounded between outer space and within the lith-

osphere.  

➢ The 4 elements (bioelements) of a biosphere are: the at-

mosphere (air), hydrosphere (water), lithosphere (land), 

and biota (life). Life has long played an active role in in-

fluencing abiotic bioelements in the biosphere. 

➢ The biosphere is a gyre with self-organized criticality for 

biota. 

➢ Ecology refers to relations among bioelements.  

➢ A biome is a region where organisms live in similar con-

ditions, both geographically and climatically.  

➢ An ecosystem comprises the community of organisms – bi-

ota – in a biome, along with the abiotic (non-living) bioel-

ements within. 

➢ A habitat is the environment in which a species' popula-

tion lives. There are as many habitats within an ecosys-

tem as there are species. 

➢ The biota in a biome invariably form an entangled com-

munity of energy producers and consumers. The health of 

a biome depends upon interactive biotic balance. 

➢ A food web comprises the food interrelations between bi-

ota. A food chain, or trophic pyramid, is a hierarchical 

perspective of the food web: from producers (plants and 

other organisms which take their energy from inorganic 

sources) to consumers: herbivores (plant consumers) and 

predators (animal consumers). Saprovores clean up the 
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leftovers: decaying organic matter. Potent pilferers – par-

asites and pathogens – also play a significant role in the 

food web. 

➢ Trophic cascade encapsulates the dynamic of predators 

preventing overgrazing by chewing away at the herbivore 

population, thusly increasing plant growth. 

➢ A keystone species directly or indirectly engenders other 

life in an ecosystem. The roles of many integral to an eco-

system's biota, particularly the microbial, are not readily 

apparent.  

Many biomes have migrants upon which local populations 

partly rely. Salmon, and even dust, are exemplary. Migration 

interconnects life between biomes. 

➢ Parasites are pervasive shapers of fortune for other life. 

Their variety equals that of nonparasitic beings. As 

epiparasites evidence, even parasites are not immune 

from parasitism. 

➢ Species richness signifies a rough tally of the species in an 

ecosystem; it and the topology of predator-prey linkages 

are intertwined as an evolutionary balancing act.  

➢ Biodiversity encompasses the diversity of life. Biodiver-

sity typically multiplies the ongoing possibilities for life. 

Biodiversity indicates the health of life within a biome.  

➢ Carrying capacity is the hypothetical maximum popula-

tion size of a species given the constraints imposed by the 

environment. 

➢ The lithosphere concertedly moves in supercontinent cy-

cles. Corresponding to these lithospheric cycles are cli-

mate cycles between the extremes of icehouse and 

hothouse. Owing to human pollution, Earth is now head-

ing toward hothouse. 





 

 Life's Diversity  
Species in natural communities are interconnected. ~ Amer-

ican environmental biologist Saran Twombly 

The heritage of life is astoundingly rich in variety; a tes-

tament to Nature's fondness for diversity and the ready ver-

satility of adaptability. There are at least a billion distinct 

microbes – a number historically underestimated. 

A conservative estimate of extant multicellular species is 

8.7 million; some 90% of them undiscovered by humans. For 

multicellular eukaryotes over the course of the planet's his-

tory, the number of species is easily 1,000 times that of those 

living today.  

The great Tree of Life, with its ever-branching and beautiful 
ramifications. ~ Charles Darwin 

From antiquity, the concept of a tree of life has been used 

in every realm of conceptualization: from mythology, religion, 

and natural philosophy to evolutionary biology.  

The tree of life is one of the most important organizing prin-
ciples in biology. ~ American planetary scientist Jill Banfield 

 Classification  
Biology will relate every human gene to the genes of other 

animals and bacteria, to this great chain of being. ~ American 
molecular biologist Walter Gilbert 

Biological classification is a facet of scientific taxonomy: 

naming everything according to some rule set. It fills biology 

books with hoary Latin words. 

The living kingdom used to be divided into animals and 
plants. The division was based on the simple idea that all the 
interesting things moved and all the uninteresting ones did not. 
So, originally, both bacteria and fungi were classed as plants. 
Once it was realized that bacteria caused disease and plants did 
not, attitudes changed. ~ Anthony Trewavas 

Coining the terms genus and species, 4th-century-BCE 

philosopher Aristotle classified animals by their method of 

reproduction. Aristotle's system went the way of the dodo 
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with additional knowledge and was long forgotten as others 

took up the classification cudgel. 

17th-century English naturalist John Ray provided the 

first biological definition of species: as springing from the 

same seed, whether plant or animal.* By contrast, Aristotle's 

definition was philosophical, in considering rationality and 

the hypothetical possession of a soul.  

Ray also made a stab at biological classifi-

cation. His work was overshadowed a half-cen-

tury later by Swedish physician and biologist 

Carl Linnaeus (1707–1778). 

If the names are unknown, knowledge of the 
things also perishes. ~ Carl Linnaeus  

In laying the foundations for naming species (binomial 

nomenclature), Linnaeus is considered the father of taxon-

omy.† His 1735 book Systema Naturae held sway for centu-

ries.‡ 

Nature does not proceed by leaps and bounds. ~ Carl Lin-
naeus 

By the time he died, Linnaeus was one of the most ac-

claimed scientists in Europe. Because of that, it took quite 

some time for his numerous mistakes to be cleared up. 

Linnaeus labeled via physical characteristics. Based upon 

preconception, and in the spirit of animism, Linnaeus split 

the natural world into plants, animals, and stones. Abjuring 

the use of magnifying glasses, Linnaeus ensured that little 

life forms received little attention. 

 
* Ray's definition of species had no concept of evolution. But neither 

did his successor, Linnaeus. The exercise was merely cataloging. 
† Linnaeus started the tradition of 2-part Latin names denoting ge-

nus and species. As his family spoke Latin at home, Linnaeus' 

first language was Latin, learning (ostensibly native) Swedish 

later. 
‡ Linnaeus made no original advances. His classifying system and 

binomial nomenclature were anticipated by others. But Linnaeus 

created a well-esteemed presentation: clean-cut categories that 

made science alluring and accessible. His work inspired botanical 

gardens and a greater general interest in the wonders of Nature. 
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Linnaeus really lost the plot when it came to fungi. ~ English 

mycologist David Hawksworth 

Linnaeus planted fungi in the plant realm. Fungi did not 

get their own kingdom until 1969. Confusion was doubled by 

the same fungus invariably getting at least 2 names based 

upon reproduction mode (asexual versus sexual). Meanwhile, 

with no protest, protists were thrown in as fungi. 

Linnaeus' 1753 book on plants described 6,000 species. It 

became the foundation of modern floral nomenclature, which 

has since ballooned to 1.05 million named species, of which 

only ~300,000 are unique – the others are redundant. The 

scientific moniker for the English oak has 314 synonyms, the 

common daisy 29, and the giant sequoia 18. 

Linnaeus got numerous bad nomenclature balls rolling. 

As time marched on, new discoveries piled up like knowledge 

cordwood. Misnomers burgeoned. 

Serial revisions were inevitable. Darwin introduced the 

notion of evolutionary descent and clades: a common ancestor 

to later speciation. 

No one definition has satisfied all naturalists; yet every 
naturalist knows vaguely what he means when he speaks of a 
species. ~ Charles Darwin 

There has been a trend since the 1960s toward nomencla-

ture based upon lineage (cladism), abetted by similarities at 

the genetic level. This evolutionary rationalization is still un-

der development.  

Evolutionary relations are better represented by new classifi-
cations than by the traditional 2 kingdoms. ~ American plant 
ecologist Robert Whittaker in 1969 

Robert Whittaker's 5-kingdom classification (plant, fungi, 

animal, protist, and prokaryote) ruled in biology classrooms 

for decades; but it was based largely on nutritional habits, 

not evolution. 

The basis for systematics has changed; classical phenotypic 
criteria are being replace by molecular criteria. ~ American mi-
crobiologist and physicist Carl Woese et al in 1990 

Early attempts to see what genetics could say about the 

tree of life proved deceptive. Results seemed realistic, but 
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were contradicted when researchers looked at different 

genes, and, later, mitochondrial development. Recent techno-

logical advances have allowed genetic analyses (phylogenet-

ics) that were previously unavailable.  

Molecular phylogenetics has revolutionized our knowledge 

of the eukaryotic tree of life. ~ Canadian biologist Fabien Burki 

In 1967, American evolutionary biologist Lynn Margulis 

proposed that eukaryotes arose from one prokaryote engulf-

ing another: a bacterium absorbed by an archaean host be-

came the eukaryotic mitochondrial organelle; a good guess 

later confirmed. In the meantime, Margulis's insight was ig-

nored or dismissed.  

To get a handle on evolution, biologists looked at the mi-

tochondrial genes of parasites, specifically those supposed 

from pre-mitochondrial times. That approach fell apart when 

researchers realized some of the presumed parasitic relics 

were relatively modern. The little nippers had simply tucked 

away their mitochondrial DNA in hard-to-recognize bits. 

This was a case where the microsporidia under examination 

had simplified themselves: dropping genetic baggage they did 

not need. By the time parasites were performing it, such ge-

netic streamlining was a well-worn stunt. The masters of life 

– viruses – had long before mastered the same trick while 

other prokaryotes were busy sprouting new traits with then-

novel gene sets. 

Genetic analysis improved considerably in the 2010s. Us-

ing a computer to determine speciation based upon genet-

ically distinct lineages produces 5 to 13 times as many 

species as conventionally tallied. Species have traditionally 

been defined by mating behaviors and physical traits, not ge-

netic similarity. The tentative take by biologists is that com-

puters can't count when it comes to species. The controversies 

over taxonomy continue, driven foremost by species being an 

ill-defined term. 

Species concepts – a set of rules or characteristics used to 
define a species – abound in the literature and have been a 
subject of long-standing debate among evolutionary biologists.  
~ American biologist Margaret Ptacek & American zoologist 
Shala Hankison 
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Although there is continuity between an ancestor and its de-
scendants, and although taxonomy must take into account evo-
lutionary relationships, schemes for assembling descendants 
into groups often seem mostly a mental construct. ~ Canadian 
biologist Brian Hall & Icelandic biologist Benedikt Hallgrímsson 

 

 
* Viruses are universally and inexplicably overlooked. 
† Linnaeus ignored microbes, which were known in his day. Robert 

Hooke first wrote of microscopic cells in 1665, followed by Antonie 

van Leeuwenhoek beginning in 1673. 
‡ Haeckel grouped all unicellular life as protists. 
§ Monera are prokaryotes, which was a proposed phylum (under 

Protista) by Haeckel in 1866; adopted as a kingdom by Copeland 

in 1938. 
** Eucarya are eukaryotes (Eukarya), misspelled as an affectation. 

Taxonomy Schemes* 

Carl Linnaeus  
(1735) 

3 kingdoms† Animal 

Vegetable 

Mineral 

Ernst Haeckel  
(1866) 

3 kingdoms Protista‡ 

Plantae 

Animalia 

Édouard Chatton  
(1925) 

2 empires Prokaryota 

Eukaryota 

Herbert Copeland  
(1938) 

4 kingdoms Monera§ 

Protista 

Plantae 

Animalia 

Robert Whittaker  
(1969) 

5 kingdoms Monera 

Protista 

Plantae 

Fungi 

Animalia 

Carl Woese et al 
(1990) 

3 domains Bacteria 

Archaea 

Eucarya** 

Michael Ruggiero 
et al (2015) 

2 superkingdoms  Prokaryota 

Eukaryota 
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The complexities of phylogenetic history emphasize that clas-
sification is a practical human enterprise where compromises 
must be made. All classifications should be regarded as interim. 
~ American taxonomist Michael Ruggiero et al 

 Jellyfish  

Jellyfish illustrate the difficulties of 

classification. These marine creatures 

evolved ~580 million years ago. 

All jellies were once in 1 phylum 

called Coelenterata. This made sense, as 

phylum is a high-level grouping based 

upon body plan. Coelenterata all had a radially symmetrical 

body plan, with sensory tentacles, and a single opening to 

capture prey. They share a common evolutionary ancestor, 

and so are in the same clade. 

With a simple tissue organization, these aquatic crea-

tures rely upon water flow through the body cavity for respi-

ration and digestion. Coelenterata had a decentralized nerve 

network rather than a unified brain. 

But then Coelenterata were bifurcated into cnidarians 

(Cnidaria) and ctenophores (Ctenophora), based upon differ-

ences that largely had nothing to do with body plan.  

Ctenophores lack the stinging cells (nematocytes) that 

cnidarians have. Cnidarians have only 2 layers of cells, while 

ctenophores have 3. Embryonic development is different be-

tween the 2. 

There is a modest body plan differ-

ence: ctenophores – such as sea anemo-

nes – have both bilateral and radial 

symmetry, while cnidarians may only be 

radially symmetrical. The Portuguese 

man o' war is an exemplary marine cni-

darian that lacks bilateral symmetry. 

But then, the man o' war is not a single 

multicellular organism – it is instead a 

colonial creature, comprised of specialized zooids. (The inher-

ent coordinated colonialism that comprises the man o' war 

man o' war 
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did not raise a classification issue, despite that being a defin-

ing characteristic. The discriminations which determine tax-

onomy involve a degree of arbitrary.) 

Getting past the problem of Coelenterata, classification 

gets even trickier when considering a branch of cnidarians 

that degenerated into microscopic parasites. This group – 

Myxozoa – were originally considered protozoa: a diverse, 

catchall group of unicellular eukaryotes. Then genetic analy-

sis revealed that myxozoans were in fact cnidarians that had 

shrunk and shed much of their genome, while retaining the 

most helpful genes, such as the ability to produce stingers. 

The greatly reduced body plan included dumping genes 

considered hallmarks of animal multicellularity. Hence the 

understandable assumption that myxozoans were unicellu-

lar. 

The confirmation that myxozoans are cnidarians demands the 
re-classification of myxozoa into the phylum cnidaria. ~ Israeli 
molecular phylogeneticist Dorothée Huchon 

Tucking myxozoa into the cnidarian phylum may make 

some molecular sense but would ignore the notion that 

phylum is based upon body plan, not genetic lineage: 

physicality at odds with cladism. The problem with taxonomy 

begins with the methodology for defining taxa. 

 Supergroups  

Kingdom has such gravitas. ~ English evolutionary biologist 
Alastair Simpson 

In 2002, English evolutionary biologists Andrew Roger & 

Alastair Simpson blew away traditional classification, pro-

posing instead cladistic supergroups for eukaryote: a small 

number of large groups that share a deep evolutionary his-

tory.  

The classification caught on. Evolutionary biologists look-

ing at the tree of life rarely use the word kingdom anymore, 

preferring supergroup instead. 

Perspectives on the classification of eukaryotic diversity have 
changed rapidly in recent years, as the 4 eukaryotic groups 
within the 5-kingdom classification – plants, animals, fungi, and 
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protists – have been transformed through numerous permuta-
tions into the current system of 6 "supergroups." The intent of 
the supergroup classification system is to unite microbial and 
macroscopic eukaryotes based on phylogenetic inference. This 
supergroup approach is increasing in popularity in the literature, 
and is appearing in introductory biology textbooks. ~ Canadian 
bioscientist Laura Wegener Parfrey et al, in 2006  

In that its lumps are so large, supergrouping is superfi-

cial and admittedly incomplete. There is an Orphans super-

group of evolutionary inscrutables, analogous to protist 

under traditional taxonomy. 

Some supergroups are comprised of multiple super-

groups. The term supergroup is meaningless as a hierarchical 

designation, and so is a super step into classification obfus-

cation. But then, Simpson wanted a term that no one would 

treat as a rank. 

Supergroup taxonomies are unstable. The current classifica-
tion scheme of eukaryotes is premature. ~ Laura Wegener 
Parfrey et al 

 Classification Confounded  

Biological classification aims at conflicting goals which do 

not appear to conflict – identifiable distinctions which corre-

spond with evolutionary descent. Life which looks or behaves 

similarly may be very distantly related at best, as is often the 

instance in cases of convergent evolution.  

Genetic analysis shows traces which suggest heritage, 

but this too has often proven misleading or confusing – foren-

sic evidence which wrongly convicts. The problem becomes 

especially acute with organisms which selectively pick up 

genes from the environment and incorporate them. This di-

lemma applies to all early life, when genetic expertise was de 

rigueur to surviving in an every-changing world. But it does 

not stop there. Cross-species genetic transfers have been a 

driver of evolution for all life forms. The likely culprit is vi-

ruses, which regularly infect their hosts with new genic ma-

terial. 
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Horizontal transfer, differing from the normal parent-offspring 
transfer, has had an enormous impact on mammalian evolution. 
~ Australian geneticist David Adelson 

Setting aside the genetic perspective, categorizing is 

problematic when trying to make evolutionary sense. Con-

sider those with backbones. 

We are accustomed to consider vertebrates in commonly 
known and understood categories such as fish, amphibians and 
reptiles. But phylogenetic analyses demonstrate quite convinc-
ingly that these are not natural categories, if by natural we mean 
that each constitutes a group, all of whose members can be 
traced to a single ancestral lineage, that is, a group that is mon-
ophyletic. The recent elimination of birds as a group and the 
recognition of "birds" as flying dinosaurs, while fully justified, 
illustrates the shoals on the course we are navigating. "Fish" is 
a name for a polyphyletic group of animals that share many fea-
tures, but a single evolutionary origin is not one of them.  
~ Brian Hall and Benedikt Hallgrímsson 

Amphibians arose from among a group of lobe-finned fish. 

How to distinguish the more-derived lobe-finned fish that 

gave rise to these first tetrapods? Because the most derived 

lobe-finned genus of fish is Panderichthys, some refer to an 

even more derived taxon as "postpanderichthyid stem tetra-

pods" – a breathtaking name for devotees only. "Fish-like am-

phibians" is at least somewhat memorable; but such labeling 

of descents into a new major group is less descriptive than it 

seems, as mammals-to-be illustrate. 

The old term "mammal-like reptiles" was once used for 

those reptiles recognized as having given rise to mammals. It 

is no longer considered appropriate because: 1) these crea-

tures (therapsids) consist of multiple independent evolution-

ary lines, only a few which bequeathed mammals; 2) the term 

confuses a crown group (the culmination of an lineage) with 

a stem group (a lineage that gave rise to another group); and 

3) the attribution makes it sound like some reptiles were try-

ing to become mammals, and so struck a mammalian pose. 

Many long-standing taxonomic groups are paraphyletic: 

they do not include all descendants of a common ancestor. A 

famous example is reptiles, which cladistically includes both 
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birds and mammals. Among humanity's closest relatives, the 

family of "great apes" is paraphyletic in excluding humans.  

Conversely, paleoanthropologists go through some pains 

to delineate between those humanoid creatures that suppos-

edly did not beget humanity, such as Neanderthals, and 

those that did: hominins. Considering the crossbreeding that 

went on (including with Neanderthals), the exercise is 

quaint. 

In the finale, the problem is that you can't square the cir-

cle of identifying groups of organisms with an eye toward de-

scent, as the reality of evolution is seldom so simple as to be 

simply labeled. Humans are considered a single species, but 

not by any reasonable definition of what a species is. The at-

tribution is political, and an acknowledgement that biological 

classification is a social convention, not a scientific discovery. 

It is really laughable to see what different ideas are prominent 
in various naturalists minds, when they speak of 'species'. It all 
comes from trying to define the undefinable. ~ Charles Darwin 

Evolution is a messy business, defiant to easy tagging. 

Forgetting heritage for the moment, there is any even more 

fundamental problem inherent in classifying extant groups 

in a world with biological diversity beyond imagination: 

where do you draw the lines? To even begin, you have to have 

some consistent concept of species. There isn't one. 

There are n+1 definitions of 'species' in a room of n biolo-

gists. ~ Australian science philosopher John Wilkins  

 Linnaeus' Curse  

No matter how hard we try, there cannot be a robust, all-in-
clusive, objective species concept. ~ Dutch geneticist Peter de 
Knijff 

Linnaeus introduced a dilemma that has plagued biolo-

gists ever since. His insistence on a stringent hierarchical 

species classification has thwarted defining species in an in-

clusive manner. The sting of this conundrum was felt by Dar-

win a century after Linnaeus created his curse. 
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To discuss whether they are rightly called species or varieties, 
before any definition of these terms has been generally ac-
cepted, is vainly to beat the air. ~ Charles Darwin 

 Classifying Crows  

Ever since the hooded crow (Corvus 

cornix) and carrion crow (Corvus corone) 

were described by Linnaeus in 1758 as 

separate species, their taxonomic status 

has been debated. 

The 2 crows look different. The car-

rion crow is solid black, its plumage giv-

ing off a green or purple sheen. The hooded crow (pictured) 

has a gray body, albeit with a black hood, throat, wings, 

thigh, and tail feathers. 

The 2 crows generally prefer their own kind. But there is 

gene flow between the 2 species. Hybrids are common in a 

narrow geographical band in central Europe where ranges 

overlap. 

Despite different coloration, the genomes of the German 

carrion crow and hooded are undifferentiated (this ignores 

epigenetic differences); much more selfsame than the genic 

distinctions between the carrion crows that live in Germany 

and those that reside in Spain.  

German carrion crows could be considered to represent 
hooded crows with a black (carrion crow) phenotype. ~ Peter 
de Knijff 

 Misidentification  

Specimens in museums are the primary source of verifia-

ble information about organisms. The world's collections 

more than doubled from 1970 to 2010. But half of the speci-

mens in museums are misidentified. The curse of classifica-

tion is more than conceptual. 

 Karyotype  

Species generally have a fixed number of chromosomes in 
the cell nuclei, while between-species differences are common 
and often pronounced. These differences could have evolved 
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through multiple speciation events, each involving the fixation 
of a single chromosomal rearrangement. ~ Russian zoologist 
Vladimir Lukhtanov et al 

Species may be most precisely defined at the cellular 

level; or not. 

A karyotype is the number and arrangement of chromo-

somes in the nucleus of a eukaryotic cell. Karyotype is usu-

ally stable within species, as chromosomal changes 

contribute to forming barriers between populations, thereby 

establishing reproductive isolation and speciation. 

Rapid karyotypic diversification is how the prolific but-

terfly genus Agrodiaetus managed to cover the vast Palearc-

tic ecozone of Eurasia and beyond with its kind. Interspecific 

diversity in chromosome number among Agrodiaetus is 

broader than any other known genus. 

Peach-potato aphids have a jumble of karyotypes, even 

within a single individual. Despite this, they have preserved 

their morphological identity over time and across a broad ge-

ography. The wood white butterfly also has karyotypic poly-

morphism, with geographically dispersed populations that 

may interbreed, despite different numbers of chromosomes. 

Such karyotypical cacophony illustrates how little we know 

of genetics. 

 

There were 8 major biological taxonomic ranks generally 

recognized before supergroups showed up: life, domain, king-

dom, phylum, class, order, family, genus, and species. The 

disciplines of zoology and botany have their own schemas, in-

cluding subdivisions, such as tribe. Other outliers exist, as do 

numerous proposed taxonomic systems. Ironically, the 2 

things that classification has lacked are consistency and con-

sensus. 

Bizarrely, all major biological classification systems ig-

nore viruses, which have been a major driver of evolution in 

all other life. This omission is inexcusably thoughtless. 

If we accept that viruses are alive, we must radically reassess 
the tree of life as it is currently accepted. ~ American biologist 
Peter Ward & American geobiologist Joe Kirschvink 
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 Domains  

As Margulis first suggested, eukaryotes arose as archaea 

absorbed bacterial endosymbionts which gave rise to the mi-

tochondrion found in all eukaryotic cells.* 

Carl Woese proposed archaea, bacteria, and eukaryotes 

as domains in 1977 after discovering archaea.  

The iconic rooted 3-domains tree of life shows eukaryotes 
and archaebacteria as separate groups that share a common an-
cestor to the exclusion of eubacteria. By contrast, the eocyte hy-
pothesis has eukaryotes originating within the archaebacteria, 
and sharing a common ancestor with a particular group called 
the Crenarchaeota or eocytes. ~ English evolutionary biologist 
Cymon Cox et al 

In 1984, American evolutionary biologist James Lake and 

his colleagues proposed that eukaryotes descended from an 

archaean kingdom called eocytes (aka Crenarchaeota). 

Follow-on research showed this to be the case.  

Bacteria are by far the most diverse domain, with 92 

named phyla. There are 26 known archaeal phyla, and 6 eu-

karyotic supergroups. Classification of eukaryotes is a mess. 

The placement of Eukarya relative to Bacteria and Archaea is 
controversial. ~ Canadian microbiologist Laura Hug et al 

There are 3 domains of life: viruses, archaea, and bacte-

ria. Viruses descended from ancient cells which genetically 

slimmed down to a pathogenic lifestyle: their presence more 

energetic than molecular. Eukaryotes descended from ar-

chaea, in endosymbiotic partnership with bacteria, and so 

nominally comprise a kingdom, not a domain (if one leaves 

the current taxonomic stratification intact).  

Adjusting yet adhering 

to familiarity, Spokes refers 

to 4 eukaryotic kingdoms: 

plants, protists, fungi, and 

animals, which are de-

scended from the domain of 

 
* Archaea and bacteria were long confused as variants of the same 

life form, as they look and act a lot alike. 
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archaea. Prokaryotes refers to the domains of archaea and 

bacteria, with eukaryotes herein stated as kingdoms. 

Eukaryotic supergroups may be the new fashion for evo-

lutionary biologists (despite remaining unsettled), but the 

terminology is awkward and not yet publicly well-known: 

hence, not arguably superior. Further, supergroups break 

down into conventional phyla. Phylum is the level below 

kingdom, generally based upon body plan (shades of Lin-

naeus). 

 Nomenclature Overload  

What's in a name? ~ English playwright and poet William 
Shakespeare 

The goal of biological classification has been ubiquitous 

uniqueness of name by convention. The failure of botanical 

and zoological societies to agree built a tower of taxonomic 

babble. 

Some 5,000 duplicate ambiguities are known. The genus 

of golden peas and night monkeys is Anura. (The monkeys 

don't eat those peas or vice versa.) The water dropwort, a poi-

sonous swamp plant, and the wheatear, in the flycatcher bird 

family, are both of the genus Oenanthe. 

Proboscidea is the genus of flowering unicorn plant and 

the order of elephants. They both at least have a long beezer. 

Life forms are scientifically termed by genus and species. 

Genus is the generic name; always capitalized. Species is spe-

cific, but what exactly that means remains controversial 

(Linnaeus' curse). In short, despite scientific bestowal, com-

mon names are preferable, if only to avoid mouthfuls of er-

satz Latin gibber. In the unlikely event that the naming mess 

is ever sorted out, scientific names will change, but the com-

moners will remain constant.  

Even then, the redundancy and confusion offered in com-

mon names are tremendous. One typical abhorrent tendency 

is to name plants after animals, thus requiring separate iden-

tification as flora, not fauna (e.g., spider plant). 
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The assumption that species are fixed entities underpins biol-
ogy. Yet for a discipline aiming to impose order on the natural 
world, taxonomy (the classification of organisms) is remarkably 
anarchic. ~ Australian zoologist Stephen Garnett & Australian 
ornithologist Les Christidis 

 Microbes  
The little things are infinitely the most important. ~ Irish-

Scottish physician and writer Arthur Conan Doyle 

Dutch tradesman and amateur scientist 

Antonie van Leeuwenhoek (1632–1723) 

handcrafted microscopes as a hobby, rais-

ing the power of their magnification to a 

new level. This afforded him a vista of the 

miniature as never before. His curiosity 

had him peering at all sorts of organic samples; leading to his 

discovery of a diverse variety of microorganisms; what Leeu-

wenhoek termed animalcules, which made "pleasing and 

nimble" movements. 

Among all the marvels that I have discovered in Nature, these 
little animals are the most marvelous of all. ~ Antonie van 
Leeuwenhoek 

Leeuwenhoek wrote no books but starting in 1673 he be-

gan writing letters to the newly formed Royal Society of Lon-

don, describing what he had seen with his microscopes. His 

first letter relayed his observations of bee stings. He kept 

writing for 50 years. 

A microbe is an organism too tiny to be seen without a 

microscope: a microorganism. Microbes comprise a diverse 

variety of unicellular organisms, including virus, bacteria, 

archaea, fungi, protists, microscope plants (green algae), and 

animals such as plankton, planarian, and mites. While most 

microbes are prokaryotes, many are eukaryotes, including 

amoeba, which are generally considered unicellular. 

The essential simplicity of microbes is largely an illusion.  
~ English biologist Brian Ford 
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 Importance  

We live in a microbial world. ~ American microbiologist 
Carolyn Bohach 

Whereas large life merely inhabits Earth, microbes col-

lectively rule. Plants and animals would not exist without 

them.  

Critical portions of the genomes employed by macroscopic 

life were contributed by microbes. The genetic unity of life 

owes to viruses, the busybodies of the microbial world. 

A tiny minority of microbes are marauders. While vexa-

tious, even lethal, these microscopic felons have been a for-

midable force in evolution. Immune systems, which are 

integral to health, developed to their consummate degree 

from wars with microbes. 

Only microbes make their own food. Plants feed them-

selves by exploiting microbes as intracellular slaves.  

Microbes manage the nitrogen cycle. Only they can fix ni-

trogen, and so sustain the life of plants. 

Microbes degrade cellulose, providing the critical means 

for recycling dead plant tissue. Fields and forests thrive cour-

tesy of microbes. 

All animals rely upon microbes for sustenance. Gut flora 

eat first and feed their hosts leftovers. They even tell the host 

what they want to eat, and, being a good host, it obliges. 

 Numbers  

Microbes are everywhere; by far the most abundant and 

diverse life on the planet; at least 25 times the total biomass 

of all animal life. There are a trillion species of microbe, of 

which only a miniscule fraction is known.  

Microbes are in the soil, the water, the air; practically 

everywhere. Their reach far exceeds all other life. 

Microbes are plentiful 10 kilometers up in the air. Some 

make it to 32 km.  

Frigid temperatures do not deter the littlest ones. Mi-

crobes thrive over 1/2 kilometer below Antarctic ice. 

The abundance of microbes owes to their unceasing dedi-

cation to making more of the themselves. While macroscopic 
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life spends much of its time and energy on other entertain-

ments besides reproduction, most of the metabolic energy of 

microbes is spent making more microbes. 

And they do so terribly quickly. A fresh little one pops out 

of a mommy microbe in a matter of minutes (on average, ~15 

minutes; though some are significantly swifter).  

 Marine Microbes  

Subseafloor microbes are some of the most common organ-
isms on earth. There are more of them than there are stars or 
sand grains. ~ American microbiologist Karen Lloyd 

Prokaryotes, especially archaea, are particularly plenti-

ful in marine waters, posing as plankton. There are at least 

a million bacteria in a milliliter of seawater. They are most 

abundant in estuaries, such as the mouth of the Mississippi, 

where they break down organic matter to be recycled. By con-

trast, in coastal waters, viruses greatly outnumber bacteria 

(100 million per milliliter), with even higher concentration in 

the oceans (4x1030 per milliliter). 

Moving through water is highly problematic when your 

size is measured in molecules. But in numbers there is power. 

So, like shoaling fish, marine microbes flock together to 

swim. 

Flocks can move in a synchronised way over long length 
scales and several times faster than a single bacterium. ~ Swe-
dish physical chemist Joakim Stenhammar 

Marine microbes live all through the water column, flour-

ishing in the deep trenches of the Pacific Ocean, at least as 

far as 11 km down. 

On the seafloor, archaea and bacteria scavenge the ma-

rine snow proteins that descend from the deceased above. 

That is but the top layer of communities stratified through 

time. 90% of marine microbes are not in the water, but in-

stead in the muck. Even 750 meters beneath the ocean live 

sediment microbes. 

Benthic sediment slowly accumulates. It is seldom 

stirred, and so remains unaerated and unreplenished, be-
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coming a nutrient and oxygen desert with the passage of mil-

lennia. Yet deep under the surface populations of microbes 

get by. 

Microbial communities can subsist at depth in marine sedi-
ments without fresh supply of organic matter for millions of 
years. ~ Danish aquatic microbiologist Hans Røy 

The trick is to sip oxygen. The microbes in 1 cubic meter 

of sea floor sediment take 10 years to consume the amount of 

oxygen taken by an average person in a single breath. This 

parsimony allows microbes to live in marine mire deposited 

over 80 million years ago. 

Some microorganisms can exist for millennia. They are met-
abolically active but in stasis, with less energy than we thought 
possible of supporting life. ~ Karen Lloyd 

 In the Soil  

Each tonne of soil has 1016 microbes, give or take a billion. 

These down-and-dirty hordes keep busy breaking down or-

ganic material to generate essential nutrients for plants. 

Every year, nitrogen-fixing bacteria recycle some 130 million 

tonnes of atmospheric nitrogen back into the soil.  

Damaged soil damages the larger environment. The 

intricate interlace of ecology cannot be over-esteemed. 

Microbes remain abundant within the planetary crust 

over 5 kilometers down. Oil-bearing formations are home to 

microbes that deep, and specialists live even deeper. 

Microbial communities have been found in hot water 3 

kilometers beneath the North Sea bed. The current record for 

heat-tolerant bacteria comes from a South African gold mine: 

3.5 kilometers down, at 115º C. 

 Travel  

It's a small world. Global wind circulation can move Earth's 
smallest types of life to just about anywhere. ~ American biol-
ogist David Smith 

The skies teem with microbial life. This is how microbes 

make a worldwide community. 
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6.4 million tonnes of aerosols cross the Pacific each year. 

Besides the dust and pollutants, over a tonne of microbes 

make the journey.  

 

The amount of ice in clouds affects their formation, rain-

fall, and lifetime. Ice in clouds originates with airborne ice-

nucleating particles.  

Salts thrown up from ocean spray and mineral dust from 

desert winds might do the trick. These inorganic bits are 

abundant in the skies. But they can't seed ice crystals above 

–15 °C, which is the temperature inside half of the clouds 

that form over land. While airborne minerals and dust can 

create nuclei, organic aerosols are the common seed for aerial 

condensation.  

Microbes in clouds are the nuclei around which water 

droplets, snow, and hail form. At least 30% of global precipi-

tation stems from microbes. High concentrations of bacteria 

are at the core of hailstones. Hence, atmospheric microbial 

flows directly influence weather and climate.  

Sea spray is one of the major sources of atmospheric par-

ticles, including those needed to form the ice for clouds. The 

ice-nucleating material is biogenic: loaded with diatoms, a 

common marine alga. Global cloud formation and precipita-

tion patterns are greatly affected by microscopic populations 

of phytoplankton, which produce sea spray particles when 

they die. That process is accelerated by bacteria which eat 

living phytoplankton, releasing plankton body parts that af-

fect cloud formation. 

There is a connection between microbes in seawater and at-
mospheric sea spray. Chemical changes affect the reflectivity of 
marine clouds and have profound impacts on climate over a 
large portion of the planet. ~ American biochemist Kimberly 
Prather 

Evaporation and condensation can be lickety-split on low-

viscosity particles: less than a second. Conversely, condensa-

tion on high-viscosity aerosols can be quite slow, taking many 

hours for a particle to grow in size. 
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The rate of water condensation on organic aerosols can 

vary tremendously. Cloud droplet growth depends on the 

composition of the seed aerosol, especially viscosity.  

Clouds produce precipitation when their droplets grow 

big enough to overcome atmospheric updrafts. Most of the 

time, falling involves freezing. Ice crystals can grow faster 

than liquid droplets, which means that ice stands a better 

chance of reaching critical mass before vanishing via evapo-

ration. 

Common bacteria can produce proteins that facilitate 

snowflake formation at a significantly warmer temperature 

than ice crystals can otherwise form. The task is not as sim-

ple as it might seem. Pure water in the atmosphere can stay 

liquid down to –40º C. Yet with will there is a way. 

High-flying daredevils, microbes move through the at-

mosphere and prompt precipitation to recycle themselves to 

the surface. Scraggly salt and dust are no precipitation pre-

cipitators; no, indeed. Microbes make it rain. 

 

Rain or no, ~800 million viruses fall from the sky onto 

each square meter of Earth every day. The daily downing of 

airborne prokaryotes is comparable. 

The upper troposphere is not just a travel route. It is a 

microbial habitat. While most bacteria form spores to hiber-

nate at high altitude, some hardy microbial species enjoy the 

ride. 

Microbes are more than high fliers. They are also down to 

earth, and getting about swimmingly well, by hitching rides 

on anything that moves. The global microbial community is 

further knit together with the able assistance of animals, 

which act as porters for miniscule stowaways. It's nice to 

know that the oversized brutes are good for something. 

 Sociality  

Microbes indulge in a variety of social behaviors involving 
complex systems of cooperation, communication, and synchro-
nization. ~ English microbiologist Stuart West et al 
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There are biological constants to behaviors. The struggle 

to survive is shouldered with similar strategies and evasions 

across the domains of life. Microbial sociality echoes through 

evolution to the organisms that arose from them. The com-

plexities and contradictions that characterize the sociality of 

the most intelligent macrobes are apparent in microbes. 

 Cooperation  

Exchange between microbes is a crucial process driving the 
development of microbial ecosystems. ~ American microbiol-
ogist Michael Mee et al 

Like macroorganisms, microbes participate in various co-

operative social behaviors, though the intimacy of their coop-

erative endeavors far exceeds those of their larger successors. 

Specific environmental cues may elicit cross-species coordi-
nation of gene expression among diverse microbial groups, po-
tentially enabling multispecies coupling of metabolic activity. 
~ Elizabeth Ottesen 

Microbial group or colonial cooperation involves commu-

nications and willful exchanges that radically transform the 

lives of community members. Distinct microbe populations 

share nutrients and genes to keep microbial society as 

healthy and robust as possible. 

The fitness of microorganisms can depend on cooperation be-
tween cells. ~ English microbiologist Ben Raymond et al 

Microbes cooperate to better exploit resources, resist 

stressful environments, protect themselves and their terri-

tory against other microbes, and to wage war.  

Microbes evolved multiple mechanisms for enforcing coop-
eration, by performing differential actions to others (i.e., reward-
ing cooperators and/or penalizing cheaters) according to 
kinship (i.e., genome-wide relatedness) or kind (i.e., phenotypic 
similarity caused by genetic relatedness at certain loci). Much 
discrimination in microbes appears to be based on kind rather 
than kin. ~ American plant pathologist Louise Glass et al 
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 Biofilms  

Multicellular communities of single-celled organisms at-
tached to a surface are the predominant form of life on Earth. 
Development of these biofilms involves distinct stages of self-
organization, starting with a single cell that senses and ap-
proaches a surface. ~ Swedish microbiologist Ute Römling 

Microbes have been living together in biofilms for billions 

of years. This is how they have founded almost all of Earth's 

ecosystems: as colonies, creating stable communities that 

share nutrients and other essentials.  

Biofilms are often cooperative associations among several 

groups: bacteria, fungi, algae, protozoa, as well as their 

oversized descendants: plants and animals. Such colonies are 

capable of collated perception, distributed information 

processing, and collective gene regulation – essentially, 

transforming into a superorganism. 

A quorum for biofilm creation begins with a chemical ef-

fusion among a population that signals congressional intent. 

Many bacteria have 2 or more quorum-sensing systems. This 

lets them know the nature of the engagement, which helps 

optimize group integration. 

Chemical communication among bacteria involves complex 
interconnected regulatory networks that serve to fine-tune the 
expression of diverse group behaviors. ~ American microbiol-
ogist Michiko Taga & American molecular biologist Bonnie 
Bassler 

The first step to colonization is adhering to a suitable sur-

face. This is initially done via reversible van der Waals forces.  

A firmer anchor is had by cell adhesion structures, such 

as pili: tiny fibrous appendages on bacteria that get a grip. A 

different type of pili – conjugative pili – is used by bacteria 

during conjugation, now better known as horizontal gene 

transfer (HGT). 

HGT was identified in 1946, when American molecular 

biologist Josua Lederberg and American geneticist Edward 

Tatum found that the intestinal bacterium E. coli engaged in 

a process resembling sex to exchange circular gene-bearing 

plasmids – whence the term conjugation. 
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The decision to form a biofilm changes genetic expression 

among those involved, invoking a network of protein interac-

tions different from those of solitary life. 

As a biofilm evolves, it builds and adapts to its surround-

ings. The earliest colonists create microhabitats and contrib-

ute food, serving as a welcoming matrix for other microbes to 

attach and grow into a gleaming film, forming cosmopolitan 

communities.  

The most successful colonies are thick microbial mats 

with dozens of dynamic interactive layers. Life is good. 

Biofilms are highly resilient. They produce protective en-

zymes that coat the outer surface.  

This has an element of altruism, as fitter bacteria help 

protect their weaker fellows. This fortifies the colony, which 

is much tougher than any individual ever could be. 

Biofilms comprise members optimally juxtaposed. Indi-

viduals are invariably at different stages of their life cycle.  

Many colonists may be killed by an antibacterial agent, 

such as penicillin, which attacks replicating cells. They be-

come nutrition for those that survive by virtue of being inac-

tive during the onslaught. 

Bacteria within communities interact to organize their behav-
ior. ~ Chinese microbiologist Jintao Liu et al 

Diverse species of microbes communicate with each other 

and even feed each other. Interdependence and symbiosis 

take various forms. 

Chlorobium aggregatum is a consortium of 2 bacteria spe-

cies that feed each other. Peripheral bacteria oxidize sulfide 

into sulfate via a photosynthetic process. A central anaerobic 

heterotroph reduces the sulfate to sulfide. Consortium life is 

economical because it reduces reliance on the environment 

for crucial nutrients. 

When a biofilm reaches a threshold size, it suddenly be-

gins to oscillate in its growth pattern. These oscillations re-

solve inherent group conflict. 

Bacteria on the outside of the biofilm are most vulnerable 

to chemical and antibiotic attacks. At the same time, they 

provide protection for interior community members. But 

outer bacteria are closest to the nutrients needed for growth. 
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If outer cells grow unchecked, they will consume all the food, 

and starve the sheltered interior cells. 

To gain equity, interior colony members produce a metab-

olite necessary for growth of the outside bacteria. This lets 

the inner cells periodically brake consumption by the outer 

members. By creating a rhythm of sharing throughout the 

colony, biofilms stay robust. 

Cells that reside within a community cooperate and compete 
with each other for resources. This conflict between protection 
and starvation is resolved through emergence of long-range met-
abolic co-dependence between peripheral and interior cells. 
Collective oscillation in biofilm growth benefits the community. 
Oscillations support population-level conflict resolution by co-
ordinating competing metabolic demands in space and time.  
~ American microbiologist Gürol Süel et al 

Coordination becomes especially important when facing 

food shortages. When bacteria populations discern that nu-

trient supply is dwindling, they cooperatively respond to op-

timize consumption. Rather than trying to hog what is left, 

as humans would be prone to do, bacterial communities take 

turns. 

Time-sharing enables biofilms to counterintuitively increase 
growth under reduced nutrient supply. Distant biofilms coordi-
nate their behavior to resolve nutrient competition through 
time-sharing. ~ Jintao Liu et al 

 

Dental plaque is a biofilm. The plaque comprises bacteria 

embedded in an amorphous matrix secreted and shared by 

the colony. The matrix sticks to the teeth, hewing to its home-

stead to survive.  

Such aggregation is a common technique for hanging to-

gether on a surface. Microbial communities reside on rocks, 

vegetation, and in the soil as adhesive aggregates. 

Biofilms are a profoundly important force in the develop-

ment of ecosystems, both aquatic and terrestrial. In sediment 

and bedrock, biofilms are essential in recycling elements and 

forming soils. 
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A microbe in water is a different creature than when in a 

biofilm. A biofilm becomes its own habitat, with different gra-

dients of oxygen, pH, nutrient concentration, and other as-

pects. Biofilms have a wide variety of structures, some quite 

complex. 

 Quorum-Sensing  

Quorum-sensing (QS) is the term for decision-making in 

decentralized groups to coordinate behavior.  

Microbial quorum-sensing occurs at the molecular level 

via chemical signal exchanges. Using a common language, 

different species of bacteria employ quorum-sensing to syn-

chronize their activities. Further, bacteria coordinate their 

gene expression via QS. In effect, via quorum-sensing, single-

cell microbes behave as a multicellular organism. 

Bacteria commonly live in high-density populations, mak-

ing them prone to viral predation. Using QS, they coordinate 

their responses to infection. Like highly evolved eukaryotes, 

bacteria have adaptive immune systems. 

The language that invokes biofilms, and subsequent 

quorum-sensing, is common to more than bacteria. Eukary-

otic cells respond to QS signaling. Human white blood cells 

can be induced to change their behavior by receiving QS sig-

nals.  

QS is used to coordinate the switching on of social behaviors 
at high densities, when such behaviors are more efficient, and 
will provide the greatest benefit. ~ English molecular biologist 
Sophie Darch et al 

For microbes, the density of group populations must be 

high enough for QS to be effective in coordinating activities. 

Until population density reaches a recognized threshold, QS 

is a monitoring mechanism. Biofilms facilitate productive 

quorum-sensing. 

Quorum-sensing is genetically conserved throughout life. 

Viruses employ quorum-sensing to strategically infect. Social 

insects use quorum-sensing to make collective decisions, such 

as where to forage or nest, as do schools of fish when feeding 

or evading predators. 



214 Spokes 2: The Web of Life  

 Cheating  

In evolutionary terms, selfishness got an early start. 

Cheating is common in ostensibly cooperative microbe colo-

nies. 

Prymnesium parvum are a golden algae species that live 

in the oceans and in freshwater. When nutrients are abun-

dant, they merrily photosynthesize. 

But when enough nitrogen and phosphorus are not avail-

able, P. parvum get ugly. They hunt by producing a toxin – 

prymnesin – that kills aquatic organisms, including fish. 

They carnivorously feast on other algae. 

To produce sufficient effect, P. parvum cooperate in their 

poisonous predation; at least most do. There are invariably 

cheaters which benefit from the toxic exertions of others 

without troubling themselves to produce venom. 

The level of cheating depends upon how related the par-

ticipating population is. The less related, the more cheating. 

Quorum-sensing is used by colonial bacteria to coordinate 

and monitor public goods production, and to discover and 

check cheaters in the population. Cooperative members 

sometimes solve this public goods dilemma by the producers 

confining their work products to themselves, thereby denying 

access to cheats. 

 

Coordination confers considerable advantages at the 

molecular level. Bacteria often get their nutrients from 

complex polymers which must be broken down.  

The necessary enzymatic action can only be achieved by 

concerted secretion of enzymes, which requires coordination. 

Microbe survival is often interdependence in action. 

Pathogenic behavior, affording prey cell adhesion or 

invasion, is expressed by virulence factors: proteins or other 

synthesized molecules secreted via enzymatic activity. These 

proteins are coded by genes which may come from DNA in 

the cell, bacteriophage DNA, or plasmids acquired from 

others. 

If only a few pathogenic cells secreted a certain virulence 

factor, such small concentrations would be unlikely to 
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achieve the intended effect, but may well alert the host, who 

would dispose the impudent few.  

Quorum-sensing allows pathogens to succeed. Biofilms 

are less susceptible to host defense systems than less clus-

tered microbes. 

 

Cellulomonas and Azotobacter are 2 bacteria with a syn-

ergistic relationship. Cellulomonas breaks down the cellulose 

left by dead plants, releasing glucose. The glucose feeds Azo-

tobacter, which fixes atmospheric nitrogen into ammonium, 

which helps fill the metabolic needs of Cellulomonas. 

Not all synergisms are so innocent. Dental caries, gum 

disease, and gas gangrene are infections caused by bacteria 

interacting synergistically. 

Real estate is a cutthroat business. Microbes contend for 

the best patch of habitat by secreting substances that kill or 

inhibit competitors. Producing antibiotics as an inhibitor – 

antibiosis – is a form of antagonism practiced by many bac-

teria and fungi. Penicillin is exemplary. 

 Warfare  

Microbial populations wage war against each other, even 

a population of the same species. Microbes use a myriad of 

antibiotics to defend their territory or invade established 

communities. 

There is considerable genetic diversity among individu-

als, even in communities of the same species. One study 

found that a bacterial population averaged only 72% similar-

ity in genetic makeup. 

The reason for this is the ease with which microbes can 

pick up and incorporate new genetic material.* Microbes in-

dividually decide what they need, and what they are willing 

to share. 

 
* The genes for antibiotic resistance are a popular product with bac-

teria under duress, and often readily available. 
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Coexistence is maintained by cooperation. Above a cer-

tain threshold of genetic dissimilarity, antagonistic interac-

tions increase sharply. Microbes are tribal. 

Biofilms illustrate bacterial clannishness. Bacteria create 

biofilms when stressed. Sometimes that stress comes from 

microbial competitors chewing through the food supply. Re-

lated bacteria congregate into a biofilm and produce antibi-

otics to rout their rivals. 

 Associations  
Despite tribal antagonisms, microbes are generally gre-

garious, and broad-minded about it. Their cooperation com-

monly extends to mutualist associations with many other 

species. 

 Teamwork in the Rhizosphere  

Both bacteria and microscopic fungi need to be mobile to 

survive and thrive, including ones that live in the rhizo-

sphere: the narrow area of soil that is directly influenced by 

plant root secretions.* The 2 team up to get around. Fungal 

spores attach themselves to bacteria to hitch a ride, or bacte-

ria entrap spores and wrap them in their flagella, then carry 

them along.  

Paenibacillus vortex is exemplary. These bacteria will 

even recover fungal spores from a life-threatening locale, 

moving them to a new home where they can germinate and 

start new colonies. 

The payback comes when a bacterium hits an air pocket 

canyon too large to cross. The bacterium releases its spores, 

allowing the fungi to germinate into a colony that spans the 

gap. The bacterium then strolls over the bridge made by the 

fungi's mycelia (the branch-like weave that grows from the 

spores).  

 

Plants interact with a multitude of beneficial bacteria 

who call their rooted host home. When pathogens threaten, 

 
* Soil outside the rhizosphere is called bulk soil. 
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homebody microbes pitch in to protect the plant, producing 

phytohormones that help keep plant tissue healthy.  

A phytohormone is a plant hormone. Hormones in plants 

and animals are signaling molecules that regulate physiology 

and behavior. 

Symbiosis among microbial species evolved to optimize 

the special skills that each species can contribute. Housing 

in larger hosts means a decent living, the company of fellows, 

and an upscale long-term residence.  

Microbial associations may be beneficial, commensal, or 

pathogenic. Relationships vary between a microbe and its 

host by species, or even by population. Normally genteel mi-

crobes can turn nasty if their environment deteriorates. 

Sometimes residence is a means to an end. Some microbes 

use plants as a way station on their way to infecting insects 

and other animals that visit or prey upon the plants. The eas-

iest way to consumer is through producers. 

Biofilms associated with plant roots promote a mutual ex-

change of nutrients. Biofilms form the microbiome of all ani-

mals, assisting in almost all facets of living. 

 Microbiome  

The distribution of microorganisms in and on the human 
body reflects adaptations to life on land which were made about 
400 million years ago. Terrestrial vertebrates developed skin, 
lungs, internal fertilization, and protective membranes around 
the embryo. The skin became relatively impermeable, and mu-
cous membranes were confined to protected sites. Because mi-
croorganisms generally thrive only in moist environments, these 
adaptations to a mostly dry environment have shaped the abun-
dance, location and phenotypes of human-associated microor-
ganisms and have limited the exchange of microorganisms 
between individuals. ~ American microbiologist David Rel-
man 

The microbiome is the microbial ecological community 

that comprises every multicellular eukaryote. A wide variety 

of bacteria, archaea, and fungi make their living in and on a 

larger host.  
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Most of the cells in a human body are microbiota.* Mi-

crobes inhabit every part of a plant, including flowers. 

Microbiota play critical roles in the lives of every plant 

and animal. Microbiotic bacteria are known to keep the bio-

rhythmic clock for bioluminescent squid. The daily internal 

clocks of mammals may as well be set by microbiota. 

Circadian clocks are so important that they evolved early 

on. Single-celled cyanobacteria keep a 10-nanometer diame-

ter protein that acts as a pocket watch. This protein main-

tains time of day in a noisy environment and remains 

accurate regardless of temperature. 

For diverse animals, including iguanas, squids, and many 
insects, behavior plays a central role in the establishment and 
regulation of microbial associations. Once host-microbe 
associations are established, microbes can influence host 
behavior in ways that have far-reaching implications for host 
ecology and evolution. ~ American ethologist Vanessa Ezenwa 

The quality of the microbiome is a major factor in the 

quality of life for its host. From the earliest stage of life, mi-

crobiota provide genetic guidance to proper development in 

animals. Some animals, such as the green iguana, tailor their 

microbiome at different stages of their lives. 

A sponge is about as simple as an animal can be. Yet 

sponges have complex microbiomes.  

Coral polyps are teeming with microbes that symbioti-

cally scavenge for nutrients, remove wastes, and perform 

other tasks necessary for coral to survive.  

Early in an animal's life, microbes prime the immune sys-

tem against their nefarious cousins. Symbionts continually 

 
* Guesses about the ratio of microbial to human body cells has var-

ied from 10 times as many to rough equivalence between the two. 

"The story of the 10-to-1 ratio has all the characteristics of an ac-

ademic urban legend," said Norwegian sociologist Ole Rekdal. 

Most estimates grant microbes numerical superiority. Further, 

almost all appraisals try to account only for bacteria, failing to 

consider fungi, protists, and viruses (which likely sizably outnum-

ber bacteria). The "resident alien" to host cell ratio is simply not 

known, even approximately. 
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regulate their host's immune system, and they fight for their 

host when infected. 

When microbiota are not transferred to offspring, innate 

behaviors direct younglings to acquire their own. Bees and 

other social creatures get their microbes from their nest ma-

tes: often by direct contact, but sometimes by feeding on fe-

ces. 

The kudzu bug is born without symbionts. It acquires its 

microbiome from capsules left by its mother, instinctively 

searching for them if they are not apparent.  

Microbiota not only affect physical health, they influence 

mental sense of well-being. This effect cannot be explained 

purely physiologically: some field energy must be involved. 

The microbiome influences behavior in many ways. A fe-

male fruit fly strongly prefers mating with a male reared on 

the same diet, and so with similar microbial symbionts.  

 Gut Flora  

Most people just focus on bacteria, but there are also viruses 
and even fungi. It's the interaction between all of these things 
and the host gut that is really important. ~ Dutch virologist Bas 
Dutilh 

On their own, animals are only able to digest simple sug-

ars. Gut microbes predigest practically everything an animal 

eats, providing their host with absorbable sustenance via fer-

mentation. 

Besides digestion, gut flora have an ongoing cooperative 

relationship with host cells. Gut microbes communicate with 

host cells, influencing their activity and food choice.  

The intestine has to allow for digestion and absorption of di-
etary nutrients while also carefully harboring and managing the 
teeming microbial community within. Access to genes is deter-
mined by the host, but usage of particular genes is regulated by 
the microbes. ~ American molecular geneticist John Rawls 

 Ruminating  

Ruminants, such as cows, house a vast fermentation 

chamber in the foregut: the rumen. Horses, elephants, and 
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rabbits divert the roughage into the hindgut (cecum) for the 

same purpose. 

A variety of microbes dine in a rumen, which is the 1st 

chamber in the 4-chamber complex stomach of cud-chewing 

herbivores. The animals themselves produce no enzymes to 

break down the cellulose in the grasses that are the mainstay 

of their diet.  

But the microbial population does. Roughage is broken 

down in stages, during which the animal regurgitates and 

chews partially digested food (cud), periodically burping me-

thane produced by the hard-working microbes within. 

Rumen microbes feed their host via fermentation. After 

initially hydrolyzing cellulose to glucose, they ferment the 

glucose into organic acids that serve as their host's primary 

nutrient. 

 

A major portion of animal stool comprises the last meal 

that microbes shared with their host. While handling the 

host meal satisfyingly consumed the lives of many gut flora, 

others are headed out on a group vacation. 

 Flatworms See the Light  

Symsagittifera roscoffensis is a small marine flatworm. 

During its early development, a certain green alga – Tetra-

selmis convolutae – invades the worm's tissues, stimulating 

a dramatic physiological conversion: losing the ability to feed 

independently.  

The algae embed themselves near the surface of the 

worm's transparent body, finding optimal spots to catch sun-

light. Via photosynthesis, alga feed the worm oxygen and 

sugar while the worm provides nitrogen and a comfortable 

home. The worm's behavior is altered by such intimate inte-

gration, as it prefers sunny locations on the beach to optimize 

photosynthetic opportunities for its cohort. 
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 Habitats  

The optimum temperature for cell growth is related to the 

temperature stability of critical macromolecules, such as nu-

cleic acids and proteins, and to how temperature variations 

affect enzymatic actions necessary to synthesize new cells. 

Most cell types and organisms are mesophiles: suited to 25–

45 °C. 

Multicellular animals and plants cannot tolerate an am-

bient temperature exceeding 50 °C. Above that, only mi-

crobes can thrive.  

A number of bacteria are happy in hot water, at 85 °C, 

and some even grow in boiling water, as hot as 100 °C. These 

high-temperature-tolerant microbes are thermophiles. The 

distinctive feature of thermophiles is that their enzymes re-

main stable at high temperatures. 

Enzymes commonly become sluggish when it gets cold. 

But psychrophilic microbes like the chill. (Psychros is the 

Greek word for "cold.")  

Microbes are alive and well at the poles, in regions per-

manently frozen, and at near-freezing ocean depths: 0–2 °C. 

The algae Phormidium frigidum call the bottom of ice-cov-

ered lakes in Antarctica home. 

Lousy cellular osmotic pressure is a killer. To stay alive, 

cell walls exchange gases and fluids for energy intake and 

waste disposal.  

If the internal pressure inside a cell is too low, water will 

seep in, causing swelling, until the cell bloats to death by 

bursting. Conversely, dehydration results if water can't get 

in because osmotic pressure is too high. 

Because of this, most microbes make a living in locations 

with low concentrations of salts and nutrient molecules. 

Whence the practice of preserving foods by salting or adding 

copious amounts of sugar. 

Some microbes can take the pressure: osmophiles. There 

are microbial communities at the bottom of the Mariana 

Trench: 11 kilometers down; the deepest seafloor on Earth. 

The pressure there is 1,000 times that of sea level. 
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Some microbes like salt. Halophiles (halos is Greek for 

salt) require a salty home, needing at least at a 10% salt con-

centration, with some archaea tolerating up to 37%. There 

are both archaea and bacterial halophiles.  

The Dead Sea in Israel is too salty for fish, and long 

thought devoid of all life, but haloarchaea love it there. If one 

finds itself in a liquid less than 10% salt, it disintegrates, as 

its cell wall falls apart. 

Deep Lake in Antarctica is so salty that it stays liquid at 

minus 20 °C, remaining ice-free throughout the year. In the 

frigid salt sludge thrive 4 dominant genera of archaea that 

maintain their distinctiveness while sharing genes among 

themselves. These 4 comprise 72% of the population in this 

low-diversity lake ecosystem. 

Liberating hydrogen atoms in solution can be a serious 

problem. Few life forms tolerate the acidic environment that 

results. Most microbes prefer a pH of 6 to 8 and cannot stand 

pH as low as 3 or 4. Acidification is the basis for pickling food 

to preserve it.  

Acidophiles can easily take 1.5 pH. The archaeon Pic-

rophilus oshimae grows best at 0.7 pH. Acidophiles maintain 

an internal pH of 6–7 by constantly pumping out hydrogen 

ions from their cell envelopes. 

Thermoacidophiles prosper at scorching temperature and 

low pH. The archaeon Thermoplasma acidophilum lives in 

self-heating coal refuse piles and other such nasty places. 

At the other end of the pH scale, some microbes keep the 

best life sign when the situation is highly alkaline. Al-

kaliphilic photosynthetic bacteria inhabit alkaline soda lakes 

in East Africa that have a pH of 11. 

 Hot Clams  

Hydrothermal sea vents are literally a hot spot for life. 

Giant clams and tube worms live there, as do methane-eating 

microbes (methanotrophs), as well as bacteria that subsist on 

carbon dioxide (CO2), and get energy by respiring hydrogen 

sulfide (H2S).  
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Food service for the worms and clams is slim to none. So 

how does a giant clam become a giant? Endosymbiotic bacte-

ria live inside the animal's tissue cells let the clam live large. 

CO2, H2S, and O2 are absorbed by the animals and trans-

ported to the tissues where the endosymbiotic bacteria flour-

ish and furnish needed organic compounds to its host's cells.  

Another oddity is that H2S is typically toxic to tissues, as 

it interferes with bioenergetic metabolism. The bacteria also 

must be immune to sulfide poisoning. These adaptations are 

not yet fully understood. 

 

Microbes live everywhere that life can exist: the poles, de-

serts, geysers, rocks, at the bottom of the ocean, and at least 

as deep as 7 kilometers below the Earth's surface. Extremo-

philes can survive in a vacuum and are highly resistant to 

radiation. Microbes may even be space travelers. 

The various mechanisms and adaptations that allowed 

life to thrive at every extreme on this planet, almost beyond 

the imagination, indicate that a vast diversity of life through-

out the universe is likely the norm, and quite like the mi-

crobes on Earth. 

 Archaea  

Archaea were long thought kissing cousins 

to bacteria, as they look like them, though 

weirdly so. Both are "primitive" prokaryotes, 

with selfsame structure and function. Many 

have similar lifestyles. 

Looks are deceiving. RNA analysis revealed archaea more 

closely related to eukaryotes and only a distant relation to 

bacteria. That makes sense because eukaryotes arose from 

archaeal origin: archaea incorporated bacteria that begat eu-

karyotic cells. Such evolutionary endosymbiosis transpired 

numerous times, begetting a variety of eukaryotic life. 

Archaeans exist everywhere that life can survive. They 

are an extremely robust and versatile life form, with both ex-

tremophiles and ubiquity in their favor.  
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Archaea are so prevalent as to play roles in the carbon 

and nitrogen cycles. All told, archaea account for 10–20% of 

Earth's biomass. That's particularly impressive when consid-

ering that the average archaean is 1 micrometer (µm; one-

millionth of a meter) tiny, and the largest is 15 µm. A human 

hair is 100 µm thick. 

Archaea may be autotrophic, heterotrophic, or sapro-

trophic. Autotrophic archaea eat photons: phototrophs. Pho-

tosynthesis is a more evolved process. 

Some archaea are lithotrophs: consuming inorganic sub-

strates, such as ammonia, hydrogen sulfide, and sulfur. 

Many lithotrophs are extremophiles. Nothing beats a hot sul-

fur Sunday to a Sulfolobus, a thermoacidophile which lives 

in hot springs and hydrothermal vents, where the water is as 

acidic as stomach acid (pH = 2–3) and near boiling. 

Other archaea gas themselves up with methane (metha-

notrophs), nitrogen (nitrifiers), or carbon dioxide. Some ar-

chaea outgas what others eat. Methanogens – methane 

makers – are carbon dioxide consumers that exude methane 

waste. 

Archaean saprovores play an essential role in decomposi-

tion and recycling organic nutrients. This is an analogous 

role to the stone eaters that convert inorganic materials into 

energy. Lithotrophs introduce new material into the food 

web, while saprotrophs reintroduce. 

The diversity of archaeal lifestyles highlights that they 

represent a catchall empire of wildly successful organisms. 

Their classification remains controversial because they defy 

the typical methods of categorization, such as by reproduc-

tion style, as all archaeans are asexual.  

While bacteria can be classified to some degree by shape, 

archaea tend to be pleomorphic: able to alter shape in re-

sponse to environmental conditions. There are also shape-

shifting bacteria. 

Deinococcus is an extremophilic bacterium that is pleo-

morphic. It is also one of the most radioresistant (radiation-

resistant) organisms known, as well as being able to survive 

dehydration, cold, vacuum, and acid. Its extreme reluctance 

to die earned it a listing in The Guinness Book Of World Rec-

ords as the world's toughest bacterium.  
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Categorizing by differences in genomes is thwarted by ar-

chaeal facility with horizontal gene transfer: otherwise simi-

lar archaea creating genomes that are not closely related. In 

many ways, archaeal versatility defies their easy classifica-

tion. 

More than any other domain, archaeal ubiquity and adap-

tive fluidity emphasize that the potentiality of life's manifes-

tations is nearly unlimited. Archaea exclaim that life is 

bound to arise whenever and wherever inorganic resources 

and environmental stability exceed a minimal threshold. 

Social to a fault, archaea are commonly mutualists or 

commensals. No archaeal pathogens or parasites are known. 

Archaea are the most moral organisms. 

 Bacteria  

Really, they're just stripped-down versions of us. ~ Bonnie 
Bassler 

Along with archaea, bacteria have been 

on Earth 3.5 billion years. In that time, mem-

bers of these 2 domains adapted to every 

place where life could possibly survive.  

In the late 1970s, bacteriologists esti-

mated 10,000 to 20,000 species of bacteria. 

Greater awareness has upped the species count 

to somewhere between 10 million and 1 billion. Even the lat-

ter may be an underestimate, depending on how you'd like to 

splice speciation. 

By weight, 80–90% of Earth's biomass is bacterial. Bacte-

ria make up nearly 2/3rds of all biodiversity on Earth. Their 

enduring success owes to numerous facets, beginning with 

the fact that they reproduce with an efficiency as close to the 

limits of physics as practically possible.  

One can only underestimate the little ones once derided 

as "germs." New discoveries continue to enlighten as to the 

sophistication of bacteria. 

Despite their small size and relative simplicity, bacterial cells 
appear to possess a robust and complex level of subcellular or-
ganization, both spatially and temporally, that was once thought 

E. coli 
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to only exist in more complex organisms. ~ American microbi-
ologist and physicist Nathan Kuwada 

 Coating  

Bacteria are often exposed to harsh environmental condi-

tions; so they wear a coat. Glycocalyx is a polysaccharide ma-

trix, sometimes interlaced with various proteins and lipids, 

that forms a coating on the surface of bacteria, right outside 

the cell wall.  

This coat can alternately act as a slime or an adherent. 

As a slime layer, glycocalyx protects from dehydration and 

nutrient loss. In a biofilm, glycocalyx can act as a formidable 

glue. How bacteria control their glycocalyx characteristics is 

not known. 

Glycocalyx also appears on epithelia and other eukaryotic 

cells; a bacterial innovation that has worn well through evo-

lutionary time.  

In multicellular organisms, glycocalyx acts as an ID 

badge that the body uses to distinguish between its own 

healthy cells and unwelcome tissue, including invaders. Only 

identical twins have chemically identical glycocalices. The 

glycocalyx of everyone else is unique. 

 Diversity  

Most bacteria are 1–4 µm long; their details visible only 

by an electron microscope. Beyond the norm, the size range 

of bacteria is considerable. 

Prochlorococcus is a tiny thing: 0.6 µm, one of the small-

est photosynthetic bacteria, and one of the most numerous. 

There are 100,000 Prochlorococcus in a single drop of sea-

water. Prochlorococcus exhales at least 50% of the oxygen in 

Earth's atmosphere. 

The smallest bacterium, Mycoplasma, is 0.1 µm.* At the 

other extreme, a bacterium in the mud of a seabed off the 

 
* Mycoplasma bacteria are typically saprotrophic or parasitic. Be-

cause they lack a cell wall, these bacteria are immune to common 

antibiotics. Several species of Mycoplasma are human pathogens, 

including one that causes walking pneumonia. 
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coast of Namibia measures up to 0.75 millimeters, and so not 

even a microbe, as it is visible to the naked eye. 

Bacteria come in a variety of shapes. Bacteria may be a 

ball, a rod, a box, a corkscrew, or a star. Bacteria are classi-

fied in 1 of 2 ways: by shape, or by how they react to Gram 

staining. 

Gram staining dyes bacteria to test the thickness of their 

cell wall.* Ones with a thick cell wall are Gram-positive, 

while thin-walled bacteria are Gram-negative. 

Bacteria are categorized by their 3 different shapes: cocci, 

bacilli, and spirilla. Cocci (singular: coccus) are spherical. Ba-

cilli (singular: bacillus) are rod-shaped. Spirilla (singular: 

spirillum) have a curved or spirally twisted body.  

Bacteria shape and mode of locomotion are related. Bac-

terial propulsion varies from body wiggles to flagella to ionic 

rotors.  

 

In dealing with bacteria as pathogens, medical science 

has termed subspecies of bacteria by strain and type. A strain 

(variety) of bacteria is a culture from a single parent, but 

which differs from other bacterial cultures of the same spe-

cies by structure or metabolism. A type of bacteria is a sub-

species that varies in immunities (serotype), susceptibility to 

viruses (phage type), or pathogenic properties (pathotype). 

 Senses  

Bacteria possess highly developed sensory systems for the de-
tection of nutrients, energy sources, and toxins, and the capacity 
to store and evaluate the manifold information provided by 
these diverse receptors. The final outcome of this sensory inte-
gration is the decision to continue swimming in the same direc-
tion or tumble into a different course. Thus, some of the most 
fundamental features of brains, such as sensory integration, 
memory, decision-making, and the control of behavior, can all 
be found in these simple organisms. ~ American neuroscientist 
John Morgan Allman 

 
* A detailed explaining of Gram staining is in the glossary. 
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Bacteria are responsive to light (sight), have a sense of 

contact (touch), respond to chemicals through direct contact 

(taste) and through the air (smell). 

Bacteria can sense up to some 50 different chemicals using 
proteins embedded in the outer membrane. A further network 
of some 12–14 proteins are involved in the interpretation and 
transduction of the signals to control swimming direction.  
~ Anthony Trewavas 

Meningococcus is the bacterium that causes meningitis. 

It uses 3 different temperature-sensing RNA molecules to 

watch for rising host temperature, which indicates an inflam-

mation-activated immune response. This lets meningococcus 

anticipate and coordinate its processes to evade this immune 

system reaction. 

Magnetospirillum, a freshwater and sediment dweller, 

has an uncommon fondness for ionic iron, which it ingests, 

enabling it to respond to magnetic fields. Magnetospirillum 

is but one of numerous magnetically sensitive bacteria. 

 Magnetotactic Microbes  

Magnetotactic microbes know their way around via 

Earth's magnetic fields. Magnetotactic bacteria behave as 

bar magnets because they have magnetite in their cells, if 

there is enough iron in the water. With low iron levels, the 

bacteria still grow, but do not make magnetite particles, and 

so are not magnet microbes.  

These bacteria are typically found in or near mud, such 

as bogs and marshes. Magnetotactic microbes use their in-

nate compass to find their way to the best mud bath. 

Magnetotactic bacteria are just the lowercase of the com-

pass crowd. Honeybees, butterflies, birds, turtles, and dol-

phins are known to have magnetite in their brains for use as 

a navigational guide. Many other animals are sensitive to 

magnetic fields; how so is often not known. 

 Intelligence  

Biological organisms use a myriad of signaling pathways to 
monitor the environment and adjust their genetic programs in 
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accordance with environmental changes. ~ American microbi-
ologist Terence Hwa et al 

Bacteria pay close attention to what is going on in their 

environment, including listening to the communiqués of 

other microbial species. 2 gut microbes illustrate. 

When under duress, E. coli secrete indole: a signaling 

molecule that renders them more tolerant of antibiotics. Sal-

monella, which is source of food poisoning, cannot produce 

indole, but they understand its context. 

Once forewarned, Salmonella prepare themselves for 

hard times. One stratagem Salmonella use is to hide inside 

gut tissue until the toxins wane.  

More virulent strains of Salmonella appear more adept at 

cheating death at the hands of antibiotics. These battle-hard-

ened bacteria are then able repopulate and wreck even more 

havoc. Salmonella constantly monitor their surroundings 

and adjust their lifestyle accordingly.  

This bug is clever in adapting to its environment. During in-
fection, it lives in hostile environments, and can use multiple 
approaches to adjust its functions. ~ American molecular biol-
ogist Joshua Adkins 

The infection process involves hundreds of genes and pro-

teins, both for an infectious bacterium and the host. Patho-

gens sense their host and adeptly tailor their gene expression 

to exploit their situation. 

 

Many pathogenic bacteria enter their animal host by be-

ing eaten. Once inside, what the bacteria encounter is a bru-

tal environment. These microbes must avoid detection by the 

immune system and successfully compete with resident bac-

teria who will fight to protect their turf. 

The invaders evolved technological tools to get the job 

done. On their exterior is a syringe with which a bacterium 

anchors itself to a host cell. The pathogen then injects its tar-

get with clever proteins that dampen the cell's immune re-

sponse. 
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Once pacified, the host cell is primed for victimhood. The 

pathogen inserts a tiny straw that it adroitly uses to selec-

tively suck nutritious molecules out of the cell without inflict-

ing collateral damage. After all, the goal is to make a living 

and keep the fuel supply in good working order. 

 

Bacteria remember their viral invaders by sampling short 
DNA sequences. ~ Israeli microbiologists Ido Yosef & Udi 
Qimron 

Bacteria are themselves subject to infection by viruses 

(bacteriophages). Those that survive a viral attack remember 

the encounter by taking genic sequences from the virus which 

can reliably serve as a viral identifier. These sequences are 

then integrated into a bacterium's own DNA. These analyzed 

genetic bits act as the physical correlate for immune system 

memory which is energetically based in a bacterium's mind.  

 

Bacteria can slow their metabolism when facing starva-

tion or other stress. In this phase, bacteria are resistant to 

external disruptions, such as antimicrobial agents. They may 

also engage in experimental self-evolution via genetic manip-

ulations.  

Spores obtain a stable memory of the growth and gene ex-
pression history of their progenitor cells, which influences their 
future. ~ German bacteriologist Ilka Bischofs 

When bacteria sporulate they instill a memory which tells 

the spores when they should revive. In going dormant, bacte-

ria try to foretell the future. They can either make many 

spores that resuscitate only in a nutrient-rich environment, 

or fewer but more robust spores that can revive in leaner en-

vironments. Spore memory provides the means to improve 

adaptation to ecological niches. 

Bacteria can build shelters in which to hibernate until 

conditions improve. When facing desiccation in saltwater, E. 

coli bacteria manipulate salt crystallization to create a com-

plex 3D shelter in which they can hibernate. They revive with 

rehydration, which happens when their salt cave melts. 
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Bacteria possess self-identification and can recognize 

their own kind. Sense of self is essential for boundary for-

mation in a colony, such as a biofilm. 

Boundaries form between colonies of different strains, but not 
between colonies of a single strain. A fundamental requirement 
for boundary formation is the ability to discriminate between 
self and nonself. ~ American microbiologist Karine Gibbs et al 

Individually and as a colony, bacteria make rational in-

vestment decisions regarding growth and migration given 

available resources and stresses found in the local environ-

ment. Bacteria exhibit intelligence in their choices. 

Using cell-to-cell communication, colonies of billions or tril-
lions of bacteria can literally reach a consensus on actions. Bac-
teria that previously existed harmlessly on the skin, for instance, 
may exchange chemical signals and reach a consensus that their 
numbers are large enough to start an infection. ~ biological 
physicist José Onuchic 

Benevolent bacteria and their evil twins face diametric 

challenges, both of which tax their cunning, but to which both 

rise to the occasion.  

Mutualist bacteria must negotiate relationships with nu-

merous other species to peaceably abide. Those that live in-

side a microbiome must cooperatively accommodate 

themselves amid a community of microbes and bring some-

thing to the party so that the host does not regard a bacte-

rium as an unwelcome gate crasher. 

In contrast, gate crashers must run a gauntlet of host de-

fenses. While many attack vectors and counter-defenses are 

genetically baked into infectious agents, there frequently 

arises the need for innovation to meet the unexpected, as en-

vironments differ greatly among individuals. 

To penetrate diverse organs and tissues and to survive and 
thrive in our bodies, bacteria become skilled subversives, hi-
jacking cells and cellular communication systems, forcing them 
to behave in ways that serve the bugs’ own purposes. Many mi-
crobes take control by wielding specialized tools to inject pro-
teins that reprogram the cellular machinery to do the bugs’ 
bidding. A few are also known to employ tactics that rid the 
body of benign or beneficial bacteria, to better commandeer the 



232 Spokes 2: The Web of Life  

environment for themselves. ~ American microbiologist Brett 
Finlay 

Some pathogenic bacteria directly cause pain to its host 

by tickling nerve cells with toxins. This seems counterintui-

tive to its cause, in alerting the body to bacterial presence.  

Causing pain is instead a knowing subterfuge. Nerve cell 

bustling from pain impairs recruitment and activation of in-

nate immune cells. 

  Work Uniform  

Blue light is most prevalent in the open oceans, as it pene-
trates into deep waters -- whereas in warm equatorial and 
coastal waters there is more green light, and in estuaries the light 
is often red. ~ David Scanlan 

Cyanobacteria live off the light: converting sunshine into 

usable energy. These primary producers are the base of the 

ocean's food web – upon their productive fecundity life in the 

ocean depends. 

Synechococcus is one such photosynthesizer, widely found 

in well-lit waters of the tropical to temperate oceans. These 

picoplankton don't just sit around sunning themselves. Syn-

echococcus get into uniform to work: changing their pigmen-

tation to match light frequency, to soak up as much energy 

as possible. 

Synechococcus are planktonic 'chameleons': dynamically 
changing their pigment with the ambient light colour. ~ David 
Scanlan 

 

A bacterial cell that's growing is also constantly shedding 
parts of its cell wall, similar to how a snake sheds its skin every 
so often. ~ Chinese American bioengineer Casey Huang 

Sometimes losing the work uniform is the only way to sur-

vive. Infectious bacteria are subject to attack by host cells, 

which recognize the invaders by their coat: recognizable por-

tions of the bacterial cell wall. To dodge detection, these bac-

teria rid themselves of their recognizable cell walls, thereby 

going undercover as dormant shapeless blobs. Once the coast 
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looks clear, a shape-shifting bacterium rebuilds its cell wall 

in a process termed reversion.  

Many antibiotics, including penicillin, target the cell wall. 

Having got a sample of an antibiotic, which is ineffective 

when the cell wall is down (as the chemical has nothing to 

latch onto), a bacterium analyzes the antibiotic compound to 

figure a way to thwart it if it reappears. This is one way that 

antibiotic resistance develops. 

 Genetic Uptake  

Bacteria are genetic packrats. They scavenge genic snip-

pets from the environment, including long-dead organisms. 

DNA fragments several hundreds of thousands of years old 

may provide valuable adaptive information. 

Bacteria use their pili to snag DNA. The process of incor-

porating retrieved DNA is termed natural transformation. 

Bacteria are DNA connoisseurs. They are choosy about 

the genic bits they acquire. This involves intelligent analysis 

for content quality.  

Bacteria commonly swap genes among themselves. Many 

selectively shed and uptake plasmids, which are independent 

DNA molecules separate from genophoric DNA.  

Like a genetic copying machine, plasmids divide inde-

pendently. Plasmids provide extra survival information that 

is both useful to a bacterium and transferable.  

These transfers enable bacteria to adapt to novel environ-

mental conditions, access new food sources, or evade destruc-

tion by antibiotics and toxic compounds: sometimes by 

alchemic genes that can transform mercury or other heavy 

metals into less noxious forms.  

When antibiotics hit the dirt, resident soil bacteria tweak 

themselves to resistance. Bacteria may at times refuse to 

Natural Transformation 
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share such defensive knowledge, but some transfer does take 

place to itinerant pathogens on their way to the next host. 

With its dry patches and air pockets presenting insur-

mountable obstacles, the soil is difficult terrain for bacteria. 

To get around they need a liquid film in which to swim. Fun-

gal filaments (hyphae) provide the perfect motorway. Even 

better, soil fungi create wide-ranging networks, termed my-

celia – a wondrous cosmopolitan infrastructure for bacteria. 

In such comfortable environs, bacteria are especially gener-

ous with their genetic exchanges. 

It's possible that over the course of the Earth's history, bacte-
rial diversity increased massively with the development of my-
celium-forming fungi. ~ Swiss environmental microbiologist 
Lukas Wick 

Generally, horizontal gene transfer is common, and oc-

curs between distantly related organisms: microbes, fungi, 

plants, and animals. Plants extensively employ genic ex-

change to foster their mutualistic relationships with bacteria 

and fungi. 

 Sociality  

Bacteria have developed intricate communication capabili-
ties (e.g. quorum-sensing, chemotactic signaling and plasmid 
exchange) to cooperatively self-organize into highly structured 
colonies with elevated environmental adaptability. Communi-
cation permits colonial identity, intentional behavior, purpose-
ful alteration of colony structure, decision-making and the 
recognition and identification of other colonies. ~ Israeli phys-
icist Eshel Ben-Jacob et al 

Many bacteria live as single cells. Others are more com-

munal. Regardless of lifestyle, bacteria are sociable: com-

municating among themselves and operating as a 

community. 

Bacteria interact by releasing biocompounds to help them 

adapt to their environment. Colonial populations coordinate 

actions, such as mass secretions, by first releasing signaling 

molecules. 
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When conditions become too stressful, bacteria can trans-

form themselves into enduring inert spores.* Sporulation is a 

collective process which begins only after consultation and 

assessment by colony members. Starving bacteria emit chem-

ical messages conveying their distress. With such communi-

qués about, each bacterium makes its own interpretation of 

the state of the colony relative to itself. Sporulation is put off 

until a majority rule in its favor. Colonial bacteria are demo-

cratic in their decisions. 

Bacterial colonies are invariably diversified. Individuals 

within possess a spectrum of distinct characteristics and tal-

ents. This diversity increases the probability of population 

survival in unpredictable environments. 

Bacteria face a social problem which humans are well ac-

quainted with: cheaters. To single out microbial miscreants, 

cooperators first generate a new communication dialect 

which defectors have trouble imitating. They can then collec-

tively alter their own identity into a new genetic state, leav-

ing the cheaters out of further cooperative endeavors. These 

periodic intelligence operations benefit the group by improv-

ing cooperative social skills. 

Neisseria, a commensal bacterium that colonizes the mu-

cous membranes of many animals, pair up to be more effec-

tive. Streptococcus, another commensal genus, though with 

some pathogenic species, grow in chains. Staphylococcus, a 

cocci genus, form clusters that resemble grapes. Most are 

harmless residents of the skin and mucosal surfaces, as well 

as a worldwide presence in soil. 

Some bacteria elongate, forming filaments that contain 

numerous cells, like mycelium (a threaded fungal mass). This 

is what actinobacteria do. They are one of the dominant bac-

terial phyla, common in soil, freshwater and seawater, and a 

major player in the carbon cycle, thanks to their saprotrophic 

lifestyle of breaking down organic matter. 

 
* Bacterial sporulation is an exemplary existence proof of ener-

gyism: that physical bodies are artifacts of vital life energy. If life 

was merely made of matter, revival from sporulation would not 

be possible, as spores are utterly inert: dehydrated, and materi-

ally dead. But then, material science cannot explain life at all. 
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 Myxobacteria  

The soil is a cosmopolitan environment, rich with micro-

scopic life. For a microbe predator, living in the soil can be 

pay dirt. 

Myxobacteria are eusocial soil bacteria whose survival 

depend upon communication, coordination, and specializa-

tion for constructing a complex structure that affords forag-

ing, feeding, and reproductive dispersal in ways that no 

individual could achieve. M. xanthus is exemplary.  

 Myxococcus xanthus  

Myxococcus xanthus are a very social bacteria. Their three-
dimensional structures contain hundreds of thousands of bacte-
ria, plus extra cellular material that holds the bacteria together 
like glue. ~ Russian biologist Oleg Igoshin 

Myxococcus xanthus is a ubiquitous soil bacterium. M. 

xanthus are predatory. They hunt, kill, and consume fungi 

and other bacteria; though not alone. 

M. xanthus are inveterate joiners. Whether prey is plen-

tiful or scarce, their first impulse is to get together. 

A problem that cooperatively inclined bacteria face is how 

to recognize and avert freeloaders. M. xanthus solve this by 

first getting acquainted.  

Close relatives are readily accepted as abettors. If rela-

tions are scarce, the bacteria may tentatively decide to coop-

erate so that a multicellular structure can be built. 

When facing a feast, M. xanthus come together into a 

dense and highly motile swarm. Then they hunt. 

M. xanthus self-organize into high-density waves that 

move them along in a decided direction. They surround prey 

and close in.  

A swarm of M. xanthus produces powerful antibiotics that 

kill prey, along with the enzymes needed to chew prey pro-

teins into digestible bits. Single cells are unable to produce 

sufficient quantities of antibiotics or enzymes to effectively 

feast. Besides, dining with friends is more fun. 

The sophistication of M. xanthus swarms is marvelous. 

They recognize each other and sense how neighbors are far-

ing. Cells with deficiencies are taken care of by comrades. 
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M. xanthus create a chemical communication network 

that coordinates their activities. They swap vesicle packages 

containing information and supplements that keep them to-

gether as a coordinated unit. They share the spoils of the 

hunt. 

Scarcity also gets M. xanthus together, but instead for the 

consolation of living through hard times. When food is scarce, 

M. xanthus take a different form of swarm. They create a 

fruiting body: a mound of spores that can survive for a long 

time, even years, until conditions improve. A single spore 

could not survive; togetherness is a necessity. 

M. xanthus fruiting bodies self-organize to the scale that 

gives them the greatest chance of survival. Fruiting bodies 

are arranged to optimize the odds. 

Most of the cells that participate in forming myxobacterial 
fruiting bodies sacrifice themselves to ensure that others will 
form spores and survive to reproduce. ~ American biologists 
Richard Losick & Dale Kaiser 

When the prospect of decent food is sensed, spores rein-

vigorate into the next generation.  

 Altruism  

Haemophilus influenzae – a bacterium in the respiratory 

tract that can cause ear infections – needs dietary iron like 

everything else alive. Some manage to collect more than they 

need, while neighbors may run short. In this instance, the 

iron-rich readily share to help their brethren.  

Bacteria under attack by antibiotics signal their kin, in-

creasing the chances of some surviving, as the informed ramp 

their resistance to fend off the assault.  

Typically, only a small number of bacteria in a colony are 

drug resistant. These hardy souls help their more vulnerable 

comrades survive, even at a cost to themselves. 

Bacteria in the human body are known to donate antibi-

otic-resistant genes to other species of bacteria. Genetic in-

formation that gives antibiotic resistance is shared by 

plasmid transfer to microbial neighbors. Bacteria know ex-

actly the value of what they are sharing. 
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There is self-interest in maintaining a stable ecosystem. 

A self-respecting bacterium won't let neighbors be poisoned.  

 

Bacteria selectively pick up genetic material in the envi-

ronment in a process termed transformation. The death of 

bacteria, or simply loose plasmids, make free DNA available.  

Free DNA stabilizes in the soil by combining with soil 

components. These are taken up by living cells. Biofilms 

attached to river stones happily practice what is called 

epilithon: aquatic transformation.  

Single-celled bacteria and archaea have an immune re-

sponse to viruses that infect them. As a physical memory, 

these prokaryotes retain strands of nucleic acids that convey 

information about the incursion. When a bacterium recog-

nizes that it has been invaded, it splices and copies signature 

genetic material from the pathogen, then distributes that for 

others to pick up. By doing this, a bacterium transfers infor-

mation vital to conferring immunity to that pathogen. 

 Symbiosis  

Microbiomes demonstrate that the sociality of bacteria is 

not limited to strain, species, or kind. Bacteria are just natu-

rally sociable. 

 Bioluminescence  

Bioluminescent creatures, including fish, squid, jellyfish, 

clams, and worms, harbor bacteria that perform the reverse 

of photosynthesis: turning chemical compounds into light en-

ergy.  

The bacteria produce a pigment, luciferin, which reacts 

with oxygen to create light, abetted by the enzyme luciferase, 

which catalyzes the reaction. Different bacterial strains prod-

uct their own distinct colors, from yellow to blue. 

This symbiotic partnership gives the bacterial employer 

various advantages: lighting for communication to others of 

the same species; assistance in predation, either as a lure or 

a hunting light; or camouflage, by matching the overhead en-

vironmental light seen from below.  
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In an astonishing feat of counter-illumination, animals 

that employ bioluminescence as camouflage have photorecep-

tive vesicles to sense light levels, and thereby control the con-

trast of their symbiotic illumination to create optimal optical 

matching. These vesicles are often separate, but the Hawai-

ian bobtail squid integrates the whole light works.  

The bioluminescent bacteria Vibrio fischeri lives in a light 

organ in the squid's mantle. Fed a sugar and amino acid diet 

by the squid, the bacteria hide the squid's silhouette when 

viewed from below by matching the amount of light hitting 

the top of the mantle. 

There is no purely physiological (matterist) explanation 

for how these precise, coordinated counter-illumination dis-

plays are possible. 

 Eating with the Enemy  

Breviates are a group of unicellular protists that arose a 

billion years ago, when oxygen was scarce in the deep ocean. 

Breviates adapted to anoxic conditions by having a rather 

simple metabolism: fermentation. This process yields signif-

icantly less energy than bacteria can muster with nitrate res-

piration but requires scant oxygen. 

Bacterial symbiosis would do breviates a world of good. 

The problem is that bacteria are breviates favorite prey. 

Fortunately for breviates, some bacteria are fearless. 

Arcobacter are badass bacteria: they colonize animal intesti-

nal tracts, causing painful infections. 

Arcobacter fearlessly flock to the surface of breviates 

(which do not have intestines to colonize). Both benefit.  

When both organisms meet each other, they sort of hot-wire 
their metabolisms. ~ German marine microbiologist Emmo 
Hamann 

During their metabolism, breviates exude hydrogen. 

Arcobacter happily suck this down and respire nitrate, which 

feeds its host breviate. 

Breviates have enzymes that help them reap the bounty 

provided by Arcobacter. These enzymes are produced only 

when Arcobacter are present. 
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To profitably colonize a host, many bacteria use specific 

proteins, known as virulence factors. The virulence factors 

that Arcobacter use are precisely the ones that stimulate host 

breviates to produce the enzymes that aid their mutualism. 

Sometimes virulence is a virtue. 

 Diet  

The bacterial diet is literally elemental. Nitrogen is pop-

ular, plucked from the air, water, or soil.  

Nitrogen-fixing bacteria are essential to the survival of 

many plants. Nitrogen-fixers have welcome homes in these 

plants. 

Soil-based Pseudomonas carboxydovorans are on a carbon 

monoxide diet. Thermophilic Thiobacillus suck sulfur. Gal-

lionella eat iron, add oxygen, and expel rust (iron oxide), 

staining their habitat brown.  

Many of the ancients who arose when oxygen was scarce 

are literally stick-in-the-muds. Heliobacteria, who shun O2, 

are exemplary. They can be found flourishing in flooded rice 

paddies, where oxygen levels are low. 

Many bacteria share food with others. Some do so 

directly, building flexible straws (nanotubules) that let them 

exchange munchies. 

 Power Grid  

Consortia of archaea and bacteria are abundant in Nature.  
~ German marine biologist Antje Boetius 

The remains of marine life make their way to the ocean 

floor as dissolved organic matter (DOM), the deposit of ma-

rine snow. The dead biomass decays in subsurface sediments, 

producing methane which rises to the seafloor. 

Before reaching the water column, the methane is con-

sumed by consortia of methanogenic archaea and bacteria 

which may form voluminous mats on the ocean floor. These 

microbes work together to make a meal. 
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Archaea intake methane 

(CH4) and oxidize it to car-

bonate (H2CO3). The reaction 

continues as the archaea pass 

energy to partner bacteria 

through pili, which are connec-

tive tubes that the bacteria pro-

vide. Using readily-available 

sulfate (SO4
2–), the bacteria re-

duce the carbonate and respire 

hydrogen sulfide (H2S). 

 Energetic Drinker  

Rhodopseudomonas palustris is a common, waterborne, 

purple bacterium with expansive tastes. It can alternate be-

tween phototropic and chemical intake, depending upon 

where the bacterium happens to be.  

Fond of high-energy drinks, R. palustris suckle electricity 

from electron-rich minerals in sediments. Or, if floating near 

the surface, they drink in light. Either way, the electrons are 

metabolically consumed as pure energy.  

When in the mud, R. palustris soak up electrons through 

naturally occurring conductive minerals. As they pull elec-

trons away from iron, they create iron oxide crystals which 

precipitate into the soil around them. These crystals can be-

come conductive, acting as feeding circuits that allow a pur-

ple bacterium to oxidize minerals it could not otherwise 

reach. R. palustris knows how to go with the flow. 

 Reproduction  

When life is good, bacteria multiply by binary fission. Af-

ter splitting in 2, each daughter clone eats its way back up to 

size.  

The reproductive cycle can be amazingly swift: a bacterial 

population can double in less than 10 minutes. 1 bacterium 

can produce a million in 5 hours. 
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2– 

H2S 
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Rapid reproduction affords rapid evolution. Besides ge-

netic inheritance, bacterial evolution is vectored by the expe-

riences of the mother cell via epigenetic processes, as well as 

gene transfers.  

 Robustness  

The spore exists in an inert, resting condition that is capable 
of high resistance and very long-term survival. ~ American bi-
ologists Kathleen Park Talaro & Barry Chess 

Bacterial growth patterns reflect intricate knowledge of 

surrounding conditions. When food becomes unavailable or 

water scarce, some bacteria become dry motes: folding them-

selves into little, tight balls, entering a state of suspended 

animation.  

These endospores wait out the hard times, until awaken-

ing with the advent of nourishment. This time travel can last 

centuries, possibly longer. 

A microbiologist cultured bacteria from the gut of a mas-

todon entombed in a bog some 10,000 years ago. The bog be-

came a water hazard on a golf course where the mastodon's 

remains were found. Though having a largely selfsame met-

abolic capability, the ancient bacteria could digest maltose 

sugar which today's bacteria cannot. 

Viable endospores found in a 25 million-year-old fossil-

ized bee have been found. A 250-million-year-old salt crystal 

was discovered that had a viable endospore, of a bacterium 

genetically different from known species.  

 Viruses  
No phone, no pool, no pets... king of the road. ~ American 

musician Roger Miller in the song "King of the Road" (1964) 

 Viruses travel light. While hardy enough to survive the 

elements, they enjoy the comfort of being indoors. 

Viruses evolved from ancient cells, losing inessentials to 

slim down to fighting trim and vivacious virulence.  

Loss is nothing else but change and change is Nature's de-
light. ~ Roman Emperor Marcus Aurelius 
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Each type of virus has its own dis-

tinctive size, shape, chemical composi-

tion, and host requirements.  

Viruses are not even complete single 

cells. They come in a light coat but little 

underneath: no nucleus, no mitochon-

dria, no ribosomes. 

The vitals of a virus are its virion, 

comprising the virus' genome packaged 

within larger molecules. Some viruses carry 

other equipment, notably enzymes, to accelerate production 

once a virus is activated. 

A virion is encapsulated within a capsid: a protein protec-

tive coat put on when leaving lodgings in a host cell. Despite 

comprising few building blocks, capsids are intricately com-

plex structures, sometimes with enormous conformational di-

versity. 

Viral capsids are marvels of biological engineering. They are 
sturdy enough to withstand pressure exerted by the tightly 
packed genomes inside yet can come apart or loosen easily to 
release the viral genome once the virus penetrates the cell. They 
are also great examples of genetic economy. Because of the lim-
ited coding capacity of viruses, capsids are built by using a few 
proteins over and over. ~ microbiologist Ekaterina Heldwein 

To make it easy on themselves, many viruses evolved cap-

sids that self-assemble. 

Capsids became more and more sophisticated with time, al-
lowing viruses to become infectious to cells that had previously 
resisted them. This is the hallmark of parasitism. ~ Pakistani 
virologist Arshan Nasir  

Some viruses, mostly those that infect animals, also sport 

an overcoat: a lipid envelope derived from the host cell mem-

brane. It helps them travel incognito, evading a host immune 

system. 

Some enveloped viruses have spikes (peplomers): a glyco-

protein protrusion out of the envelope but connected to the 

capsid. These spikes are sensors, essential for host specificity 

and viral infectivity. A peplomer will only bind to certain re-

ceptors on a host cell. 

Envelope 

Virus Spike 

Virion 

Capsid 
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A virus assembles itself within its host's cell. Hence, all 

viruses are obligate intracellular parasites. 

Viruses are everywhere. Viruses inflict themselves on all 

life, including their own kind. Every organism is constantly 

interacting with viruses.  

Viruses exist wherever life is found. They are a major cause 
of mortality, a driver of global geochemical cycles, and a reser-
voir of the greatest genetic diversity on Earth. ~ American bio-
chemist Curtis Suttle 

Certain avian and pig viruses get by with just 2 genes. 

HIV, a relatively large, enveloped RNA virus, has only 9 

genes; the herpes virus a few hundred. Then there is a vast 

diversity of viruses – dubbed pandoraviruses – that have over 

2,500 genes. 

It is clear that the paradigm that viruses have small genomes 
and are relatively simple in comparison to cellular life has been 
overturned. ~ Curtis Suttle 

By contrast, an E. coli bacterium has nearly 4,400 genes. 

A human cell has ~25,000 genes. 

Viruses need only a genome large enough to invade host 

cells and redirect their activity to producing viral copies. 

Meanwhile, cells must carry on complex metabolic processes 

and maintain a communal existence.  

Having minimal needs is why a virus may be only 20–300 

nm in diameter, up to an order of magnitude smaller than a 

prokaryote. Small size facilitates infiltration. But it only 

works if one can rely upon one's wiles. 

The genetic stuffing of viruses has nothing to do with 

their ability to lead a furtive life. Viruses are an existence-

proof that the intelligence of a mind does not have to be tied 

to a physical substrate. 

Pandoraviruses are a family with some of the largest vi-

ruses, and the biggest genomes. They are very strange 

beasts, particularly in what they don't pack into their ge-

nome. Pandoraviruses lack the gene for the capsid protein. 

They even lack genes for energy production and cannot pro-

duce a protein on their own. It rightfully makes one wonder 

what is so valuable in the genetic material they do carry. 
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 Mimivirus  

The mimivirus is a giant virus that infects amoebae. It 

has more than 900 protein-coding genes in its genome; a big-

ger bunch than some bacteria.  

The term mimivirus derived from "mimicking microbe."  

When first discovered in 2003, the mimivirus was thought to 

be a bacterium. 

In contrast to the pandoravirus, the mimivirus encodes 

the entire transcription apparatus, so can replicate itself 

within a host cytoplasm.  

This giant virus is endowed with the genetic abilities to 

repair DNA, correct errors during its replication, produce 

messenger RNA transcripts from genes and translate those 

mRNAs into proteins. Some mimiviruses even have their own 

immune system to thwart infection from virophages. 

The informational genes that the mimivirus has are con-

sidered the hallmarks of life. No wonder that the mimivirus 

was mistaken for a bacterium. 

The mimivirus is ancient. It evolved by selectively assem-

bling useful genic bits from the environment and its hosts.  

 

Viruses have either DNA or RNA, but not both. RNA is 

typically single-stranded, while DNA a double helix.  

There are distinctive exceptions to these conventions. The 

tremendous diversity of viruses illustrates the intrinsic flex-

ibility in genomic structure. 

Parvoviruses contain a single strand of DNA. Reoviruses, 

which cause respiratory and intestinal tract infections, carry 

double-stranded RNA. 

Proteins are manufactured by translating a single RNA 

strand into an amino acid sequence. A single-stranded RNA 

genome is therefore ready for immediate translation without 

intermediate steps. It is called positive-strand RNA. An RNA 

genome that must be converted into a single strand prior to 

translation is termed negative-strand RNA. 

RNA genomes may be segmented: individual genes in sep-

arate RNA molecules. The influenza virus, an orthomyxovi-

rus, is exemplary. 
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Retroviruses possess the crafty knack of converting their 

RNA package to DNA inside the host cell by duplication, via 

a reverse transcriptase enzyme. The DNA is then incorpo-

rated into the host cell genome via an integrase enzyme.  

A retrovirus thusly replicates as part of the host cell's 

DNA. Commensurate with their sophistication, retroviruses 

sport a shiny lipid outer coat. 

Poxviruses, such as the agent for smallpox, infect ani-

mals, both invertebrates and vertebrates. Poxviruses have 

very large DNA virions. They lack a typical capsid; instead, 

covered by a dense layer of lipoproteins and coarse fibrils on 

their exterior. 

Owing to their rapid mutability, every viral population is 

a genetic assortment. Diversity has several evolutionary ad-

vantages. In the instance of viruses, it helps them on the job. 

Viruses both acquire useful genetic material from the envi-

ronment (typically the cells they infect) and enhance existing 

tools. 

 

Viruses are social: establishing networks of connections 

among compatriots. Cooperation during infection is common, 

as the infection process is seldom easy.  

The advantage of viral cooperation comes in taking ad-

vantage of specialized skill sets. Some viruses are better at 

certain tasks than others. 

Tactical decisions may need to be made. For example, to 

boost total viral production, viruses may want host cells to 

live longer. This requires not interfering too much with an 

infected cell's self-maintenance. 

If a virus is co-infecting with a stranger instead of friends, 

it may consider this competition. The virus will work its host 

cell to death as quickly as possible to thwart its rival. 

 

From a host perspective, there are 2 varieties of virus: 

acute and persistent. While acute come and go, spreading 

whatever they have on offer, persistent viruses take up resi-

dence and never leave. Persistent viruses tend to be gentler 
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with their host than their rambunctious acute cousins. This 

accommodating style is a learned skill. 

All told, the world virus population is estimated to be 100 

quintillion (1031). They outnumber bacteria 10-to-1 in most 

places. Despite being so tiny, viruses amount to 5% of the 

world's biomass. 

 History  

In its most primitive form, life is no longer bound to the cell. 
No, in its primitive form life is like fire, like a flame borne by 
the living substance; like a flame which appears in endless di-
versity and yet has specificity within it; which can adopt the 
form of the organic world. ~ Martinus Beijerinck 

Viruses were discovered in 1898 by Dutch microbiologist 

Martinus Beijerinck when he examined a puzzling illness 

that beset tobacco plants.  

Beijerinck mashed up diseased leaves and rinsed them 

through fine porcelain filters that trapped microscopic fungi 

and bacteria. The resultant clear water could still sicken to-

bacco plants. Beijerinck dubbed the source of malady "a con-

tagious living fluid," which he dubbed a virus. The term 

derives from the Latin word viru (poison), with a squeeze of 

Old English wose on the end, which evolved into the word 

ooze.  

In 1935, American biochemist and virologist Wendell 

Stanley crystalized the tobacco mosaic virus (TMV), and re-

alized that the virus remained active even after being crys-

tallized. He won the Nobel prize for this, even though he 

wrongly presumed that the crystals were self-assembled pro-

teins (no one at the time knew any better).*  

In 1939 came visual proof of the tobacco mosaic virus, 

from German biologists Helmut Ruska, Gustav Kausche, and 

Edgar Pfankuch, via electron microscopy. 

 
* The Nobel committee regularly hands out prizes for fictional dis-

coveries and accomplishments. The most celebrated of his name-

sake prizes is for promoting peace between recalcitrant parties. 

Alfred Nobel made his fortune as an arms dealer. His obituary 

called him "the merchant of death." 
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In 1955, German biochemist Heinz Fraenkel-Conrat and 

American virologist Robley Williams showed that purified 

TMV RNA and its capsid self-assemble into a functional vi-

rus; hence demonstrating that viral packaging is the most 

stable state – the one with the lowest free energy. No one un-

derstands how such self-assembly is possible. 

 Alive?  

Viruses are simpler than cells, so, the logic goes, viruses can-
not be living organisms. This viewpoint seems best dismissed as 
the semantic dog wagging by the tails of dogma. ~ American 
evolutionary biologist Paul Ewald 

Whether viruses qualify as a life form is a long-standing 

controversy. Viruses possess several recognized criteria of 

life. They have a genome. Viruses have enzymes which keep 

their genome in good working order via self-repair. They 

evolve. Viruses self-assemble, albeit within a host cell. 

The cellular nature of viruses is restored when viruses (re)take 
control of the cellular machinery of cells or when they integrate 
into cellular genomes. ~ Argentinian biologist Gustavo Cae-
tano-Anollés et al 

The typical virus does not have its own metabolism, nor 

can it reproduce by itself. The mimivirus is a known excep-

tion, and there may be others. 

The Klosneuvirus, which preys on protists, is quite cell-

like: able to fabricate all 20 of amino acids needed to stitch 

together proteins. Most living cells are unable to do so. 

Like viruses, the obligate bacterial parasites rickettsia 

and chlamydia require a host for replication. No one ques-

tions their status as alive. 

Many organisms require other organisms to live, including 
bacteria that live inside cells, and fungi that engage in obligate 
parasitic relationships. They rely on their hosts to complete their 
life cycle. And this is what viruses do. ~ Gustavo Caetano-
Anollés 

As to metabolism, many emergent lives – such as spores 

– start in stasis or kill time in a dormant state. A virus comes 

most vibrantly alive when it finds a home. A giant virus, 
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thawed out of Siberian permafrost after being frozen for 

30,000 years, roared back to being on the hunt once again.  

A virus employs its own genes as a guide for assembling 

viral proteins and reproducing its own genome. Though using 

hijacked equipment, viruses manage their replication. 

A cell with its nuclear DNA destroyed is dead. A virus can 

inhabit a dead cell, turning it into a viral zombie by activat-

ing the cell's cytoplasm machinery to replicate. 

A virus can even bring a cell back to life. Photosynthetic 

cyanobacteria and algae are often killed by ultraviolet (UV) 

radiation, which decimates their nuclear DNA. Viruses have 

in their toolkit enzymes to repair various host molecules, re-

claiming the host from the grim reaper. 

A cyanobacteria has at its photosynthetic center an en-

zyme that can be disabled by UV overexposure. Unable to 

metabolize, the cell dies.  

But cyanophage viruses encode their own version of the 

bacterial photosynthetic enzyme. The viral variant is much 

more resistant to UV radiation. If a cyanophage infects a re-

cently deceased cell, its photosynthesizer can replace the 

host's, and bring the cell back from the dead. 

Too much UV can kill even a virally revived cell. But if a 

cell harbors more than 1 disabled virus, the viral genome 

sometimes coherently reconstructs from genetic pieces. This 

self-assembly process is termed multiplicity reactivation. 

In complementation, individual genes act in concert to 

reestablish functionality without fully reforming into a com-

plete virus. Only viruses possess this "phoenix phenotype": 

able to bring back the dead or self-resurrect. 

Life is nothing but not being stone dead. ~ Irish playwright 
George Bernard Shaw 

 Subvirals  

There are a variety of viral agents that are not complete 

viruses but have viral properties. One example is a prion, 

which is a misfolded protein that pathogenically propagates. 

A satellite virus depends upon another virus to infect a 

host cell or some other service. Some satellites are not much 

more than conscious, intelligent strands of nucleic acids. 
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Viroids are tiny RNA particles that exist without a pro-

tective capsid. Most commonly, viroids are plant pathogens. 

The human pathogen hepatitis D is a viroid in being subviral 

RNA. Viroids often hitch a ride on full-fledged viruses to en-

ter a host cell. 

Other satellites are more fulsome, though still stripped 

down to essentials. Alphasatellites are single-stranded DNA 

that rely upon another virus for transmission.  

A virophage is a satellite virus that is a parasite of an-

other virus. Virophages depend upon enzymes provided by 

their host virus rather than the host cell.  

Virophages have an ancient lineage. They are genetically 

like transposons: DNA sequences able to independently move 

within a genome, often by jumping a copy somewhere. 

Transposons are common in eukaryotes. 67% of the hu-

man genome comprises transposable elements. These jump-

ing genes may have evolved from virophages (or maybe vice 

versa). 

 Mama & Sputnik  

Size-wise, the mimivirus is surpassed by the mamavirus, 

which is slightly larger. Mama is a variant strain of mimi. 

Like mimi, mama infects amoebae: using its large array of 

genes to build a virus factory within the host cell. 

Mamaviruses are subject to infection by Sputnik: a tiny 

virophage with just 21 genes. Sputnik breaks into mama's 

factory to replicate itself. 

Cells co-infected with Sputnik produce 70% fewer mama-

virus particles, and those are often deformed. Amoebas sur-

vive longer with Sputnik making mama sick. 

 Cafeteria roenbergensis  

Cafeteria roenbergensis is a tiny, kidney-shaped zoo-

plankton that eats bacteria. It is found in all the oceans, but 

especially thrives in coastal waters that are microbially-rich. 

C. roenbergensis keeps bacteria populations in check. 

C. roenbergensis is itself preyed upon by a giant virus 

called CroV; Cro referring to C. roenbergensis. 
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CroV has the largest known genome for marine viruses, 

and 2nd overall: only bested by the mimivirus. Its large ge-

netic complement affords it greater ability to manipulate its 

host. CroV can even produce DNA repair proteins to patch up 

problems that its host may have. 

CroV and similarly complex viruses encode genes to modify 
and regulate the host translation system to their own advantage, 
which results in a "lifestyle" that is less dependent on host cell 
components than that of smaller viruses. ~ Canadian microbi-
ologist Matthias Fischer et al 

Mavirus is a virophage that hijacks the transcription ma-

chinery that CroV has in place during the late stage of infec-

tion. Mavirus' genetic similarity to Sputnik suggests that 

virophages are almost as ancient as viruses themselves. 

Given the opportunity, mavirus integrates its DNA into 

Cafeteria roenbergensis, thereby providing an innate immune 

system to the zooplankton. If infected by CroV, embedded 

mavirus particles can suppress CroV replication, and thereby 

enhance host survival. Here we have an example of altruism 

by a virophage. 

 Intrigue at Organic Lake  

Viruses are ubiquitous members of microbial communities, 
and in the marine environment affect population structure and 
nutrient cycling by infecting and lysing primary producers. Ant-
arctic lakes are microbially dominated ecosystems supporting 
truncated food webs in which viruses exert a major influence 
on the microbial loop. ~ microbiologist Sheree Yau et al 

The Antarctic is a forbidding place. For those who do 

manage to live there, existence is made all the harder by be-

ing preyed upon.  

Organic Lake is a shallow, salty, sulfuric body of water in 

East Antarctica. The salt was trapped from the ocean when 

the lake formed 6,000 years ago, when sea levels were higher. 

The lake would freeze over absent its high salt content.  

The density of organic matter within gives the lake's 

namesake. This owes to slow decay caused by the salt and 

cold. 
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Some very tough algae live in Organic Lake: soaking in 

the 2 months of summer light and spending the rest of the 

year as spores. They are plagued by phycodnaviruses: large 

double-stranded DNA viruses.  

The Organic Lake Virophage (OLV) preys on the local 

phycodnaviruses. In doing so, OLV curtails the damage done 

by their viral cousins, giving the algae some welcome respite. 

 

Satellite viruses are a compelling argument for consider-

ing viruses as alive. It is silly to say that something not alive 

can interfere with the reproduction of something not alive. 

Satellite viruses clarify that being alive is not about self-suf-

ficient reproduction, but instead the cunning to reproduce.  

 Infection  

Every single cellular species is infected by a great variety of 
viruses. ~ French molecular biologist Patrick Forterre 

Pathogenic viruses have been a threat to other life for so 

long that every type of cell has an immune system.  

One strategy that many microbes use is to close up shop 

when viruses are noticed in the neighborhood. Many archaea 

and bacteria go dormant when they sense a threat. Fear is 

the most primitive emotion.  

Dormancy may not work. Some microbes can only cheat 

infection by faking their death for a limited time, else the 

pose becomes a corpse. 

The microbe is hedging its bet. If it goes dormant it might die. 
~ American microbiologist Rachel Whitaker 

Viruses have a counterstrategy: patience. Viruses can 

commonly wait out microbial dormancies, and so they too 

hibernate: quietly lurking until they sense nearby prey on 

the prowl. 

Viruses gain entry to animals through the skin and mu-

cosal linings, such as the nose, mouth, lungs, or eye mem-

branes. Some viruses can be passed from an infected host 

through gametes to offspring. 

Having entered a host, a virus attaches to a specific target 

cell that can promote its activation and reproduction.  
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Viruses have a selective host range: preferred prey. A vi-

rus recognizes its host cell by signature protein markers, 

called receptors, on the cell surface. (The term receptor here 

is something of a misnomer, as viruses are most certainly un-

invited and unwelcome.) Receptor recognition occurs via sub-

tle molecular bonding. 

Pathogen host shifts represent a major source of new infec-
tious diseases. ~ Chinese entomologist Ji Lian Li et al 

Some viruses specialize in a single cell type. Others, less 

persnickety, settle for several cell types that originate from 

the same embryonic germ tissue. 

Once a target cell is found, the virus extends fibrous feel-

ers that it normally keeps folded up. The virus roves about 

until it finds its favored surface receptor. 

A virus may perform preparatory work for entry, includ-

ing changing its structure. It ejects some of its proteins 

through the cell membrane, creating a path to slide in.  

The virus then passes its genetic material in, along with 

its vitals. After entry, the protein path collapses, and the cell 

membrane seals. 

Despite their delicate subterfuge, most viruses cannot 

help but leave telltale traces on the cell surface that an im-

mune system may detect. These molecular marks are the ma-

kings of an evolutionary race between a virus and its host, to 

respectively hide and detect infection. 

Once inside, a virus sheds its protective coating, freeing 

its virion to methodically take over the cell. 

Some viruses use a host cell's own mechanisms to gain 

entry to the cell nucleus. Adenoviruses latch on the gate-

keeper molecule of a cell's nuclear pore complex which con-

trols passage in and out of a nucleus. 

The motor protein kinesin regulates nucleus transport 

into the cell nucleus. Once active, the virus uses the energy 

of the motor protein to shed its shell and expose its viral 

DNA. This prepares it for transport into the nucleus. 

Activated motor action also has another effect: making 

the nuclear pore larger, easing entry. The virus slips into the 

nucleus. The protein closes the pore without leaving a trace 

of viral entrance. 
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Most DNA viruses enter the chosen cell's nucleus before 

activating. The poxvirus is a notable exception. It carries its 

own machinery for genome transcription. Thus, the poxvirus 

can ply its trade in the cytoplasm and thereby replicate 

quickly. 

By contrast to DNA viruses, RNA viruses generally repli-

cate and assemble in the cytoplasm, though there are excep-

tions. 

Activation may not be immediate. Viruses may patiently 

await certain changes within and around a cell that signal an 

auspicious status.  

Viruses make a 'decision' when they infect a cell as to 
whether or not this is a good time to lyse the cell and make more 
virus or whether it would be more propitious to integrate their 
chromosome into the infected cell's chromosome, turn off their 
genes and sit there for generations. Then when things look good 
again they use a different but related pathway to excise their 
chromosome, in order to make more virus and kill the cell.  
~ American molecular biologist Arthur Landy 

To exercise patience, a virus assembles an ensemble of 

proteins to insert its own genetic code in a precise location in 

the DNA of the host, thus ensuring that its DNA will persist 

for many generations of host cells. When the virus decides to 

activate for replication, it creates another protein ensemble 

to extract the DNA. 

The viral DNA-packing ensemble incorporates key pro-

teins that the cell uses to regulate expression of its own 

genes. Hence, these proteins reflect the state of the cell. 

It makes the system gratuitously dependent on the proteins of 
the cell which serve as reporters of how well the cell is doing 
and where it is in its life cycle. This makes it exquisitely sensitive 
to the physiology of the cell. ~ Arthur Landy 

Each virus type exists with variants. One or more strains 

can become activated upon invading a cell, while other 

strains await more favorable conditions to activate. Activated 

viral nucleic acids combine with the necessary host-cell 

amino acids to replicate. 
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Enveloped viruses exude offspring through the host cell 

membrane (lysogeny). A viral nucleocapsid binds to the mem-

brane, which encloses it in a pouch.  

Pinching off the pouch sends the virus on its way. Bud-

ding of enveloped viruses results in gradual shedding, with-

out immediate sudden cell destruction; nonetheless, 

accumulated damage from viral intervention hastens cell de-

mise. 

Nonenveloped and complex viruses release their batched 

brood when the host cell bursts open in its final death throw 

(lysis). Lysogeny and lysis are the 2 methods of viral offspring 

release. 

Influenza viruses know the dangers of their occupation, 

so they produce offspring with a wide variety of shapes, max-

imizing the odds in their favor. 

Antiviral measures target proteins on the surface of a vi-

ral cell. Knowing this, the flu virus can quickly swap out one 

set of proteins for another, making the virus notoriously dif-

ficult to track and destroy. 

Viruses mimic the immune system in order to evade it.  
~ Australian molecular biologist Richard Berry 

Viruses understand their host at the molecular level. One 

influenza virus mimics a host-cell histone protein, inhibiting 

the cell's production of antiviral proteins by repressing gene 

expression in the host that controls antiviral proteins. Via 

mimicry, the virus demonstrates its understanding of the ep-

igenetic mechanism by which a host cell mounts its defense 

against the virus. 

Other viruses cloak themselves by fabricating proteins 

and placing them on the surface of infected cells, deceptively 

telling the immune system that nothing is wrong. Measles 

goes further and eradicates host remembrance of infection, 

thereby robbing the host immune system of any knowledge it 

may have gained for fighting infection. 

The measles virus preferentially infects cells in the immune 
system that carry the memory of previously experienced infec-
tions. ~ Dutch virologist Rik de Swart 

Viruses drive evolution by putting cells on the defensive, 

prodding cells to tighten their operations. 
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In the molecular arms race between viruses and their host 
cells, each side employs multiple strategies to deal with the 
other. Whereas the host has sophisticated antiviral signaling 
programs to combat viral infection, viruses use their own pro-
teins to subvert these host defenses. Viruses are often lauded for 
these clever evasion tactics. However, the host may also have 
its own brand of molecular chicanery. During infection, a host 
cell-derived antiviral molecule is packaged inside viral particles. 
As a stowaway, the antiviral factor is poised to trigger immune 
defense pathways upon infection of another host cell. ~ Amer-
ican virologist John Schoggins 

 Viral Altruism  

Bacteriophages are viruses that infect bacteria. It's a 

tough business, as bacteria have sophisticated anti-phage de-

fense systems which recognize and target invaders.  

Phages counter with genes that encode proteins which 

stall the bacterial immune system. To implement these anti-

defense viral genes, a phage must enter a bacterial host cell 

and thwart the immune response.  

The virus cannot possibly survive this initial assault to 

reproduce itself. The virus knows this. The initial attack is a 

sacrifice gambit. The virus' compeers will carry on to mount 

the bacteria's protein-making machinery once its defenses 

are down. 

This cooperation between genetically identical individuals of 
a viral population is altruism. ~ Israeli geneticists Rotem Sorek 
& Aude Bernheim 

 

Overcoming viral infection offers inoculation. A host 

learns about the virus, which invariably leaves genetic mate-

rial behind. By being able to spot an intruder early, this 

recognition memory is weaponry against reinfection. 

A virus generally kills its host cell, but some cells escape 

destruction by harboring the virus, Trojan-horse style. Such 

persistent infections can last from a few weeks to years. The 

measles virus can remain hidden in brain cells for years, 

eventuating into progressive damage and disease.  
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Oncogenic viruses enter host cells and permanently 

change its genome (transformation), leading to cancer. 

Transformed cells take on a whole new life, which basically 

translates to becoming a different cellular beast and going on 

a rampage: chromosomal alterations, changes in cell surface 

molecules, increased growth rate, and the ability to divide for 

indefinite durations. Mammalian viruses capable of initiat-

ing tumors are termed oncoviruses. 

Less malevolent viruses move in and take up residence, 

lasting the host's lifetime without significantly degrading 

quality of life. Having learned accommodation in evolution-

ary time, these viruses are typically content with quiet title. 

Herpes is exemplary. 

 Herpes  

If you love something, set it free. Just don't be surprised if it 
comes back with herpes. ~ American writer Chuck Palahniuk 

Herpes simplex (Greek for "creep like a snake") is an 

ancient DNA virus even by virus standards. Herpes' archaic 

lineage explains its well-tailored adaptations and its 

relatively benign coexistence with its hosts as a lysogenic 

lurker. Via vast experience, herpes developed a successful 

viral business model. 

Herpes infect everything from humans to coral, with each 
species having its own specific set of viruses. ~ English virolo-
gist Charlotte Houldcroft 

Some variants of herpes are so well engineered that they 

move easily among animal species not evolutionarily closely 

related. 

There are 2 types of human herpes simplex. Both infect 

mucosal surfaces of the body, typically the mouth or genitals.  

Herpes establishes residence, or latency, in the nervous 

system, tucked inside nerve cells. The virus never leaves. 

Symptoms of viral activity are treatable, but the virus cannot 

be eliminated.  

The primary difference between herpes 1 and 2 is resi-

dence location. Herpes 1 establishes latency within the tri-

geminal ganglion, which are nerve cells near the ears. Herpes 
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2 usually resides in the sacral ganglion, at the lower base of 

the spine. 

Herpes 1 infected the first hominids 6 million years ago 

(MYA), while herpes 2 jumped to hominids 3–1.4 MYA. 

The herpes virus infects 20% of the human population. 

Most people with herpes, particularly genital herpes, do not 

know they have the virus. Doctors fail to diagnose 90% of her-

pes cases. 

The painful symptoms of active herpes are sores, typically 

on the lips, inside the mouth, or on the genitals, though sores 

can appear on the hands (fingers) or eyes.  

The most devastating effects are when the virus is 

transmitted to a newborn, typically during birth. This can be 

fatal, cause mental retardation, or blindness, if sores occur in 

the eyes.  

Herpes is typically active within the body for a year or so, 

causing symptomatic discomfort to its host, until settling 

down into latency. Bodily stress riles the virus. 

During latency, the herpes virus is dormant, and is not 

known to replicate. For the disease to spread, the virus must 

roust itself, becoming active for transmission when the time 

is ripe. 

Herpes viruses engage in a dialogue with the host cell.  
~ American immunologist Alka Prasad 

Though its nervous system connection, herpes monitors 

sexual activity and becomes operative when its carrier be-

comes sexually engaged. Herpes can be stealthy and mobilize 

without triggering noticeable symptoms. 

Herpes symptoms are provoked by systemic stress. This 

is part of a generalized response by the immune system. The 

T cells responsible for keeping herpes under control are di-

verted to more pressing business.  

The herpes virus works by indirectly controlling a nerve 

cell's mitochondrion, altering cell calcium level and neuron 

activity. It commandeers the proteins that mitochondria use 

to move about a cell, allowing the virus to travel freely and 

spread to uninfected cells.  

Herpes can move through the body quickly. It has a pro-

tein that switches on the cellular motor protein dynein. This 
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lets herpes zip along the nervous system's intercellular high-

ways (microtubules).  

Overtaking the cellular motor to invade the nervous system 
is a complicated accomplishment that most viruses are incapa-
ble of achieving. Yet the herpes virus uses one protein, no others 
required, to transport its genetic information over long distances 
without stopping. ~ American immunologist Gregory Smith 

Herpes fully incorporates itself into the human system, 

using the body's mechanisms not only for replication and 

transport, but also tapping into the body's internal commu-

nication system, and responding to suit itself. 

 Viral Assistance  

Some viruses help their hosts, particularly persistent res-

idents. They may serve active duty as a front-line defense 

against infection of animal mucosal surfaces. Some strains of 

mammalian herpes virus help their host against bacterial in-

fection.  

Viruses provide DNA that can be employed to fight off in-

fection by bacteria or another virus. More generally, viruses 

help train the host immune system to be more responsive and 

effective.  

 

Viruses exit a host by discharge: bodily secretions, or even 

in droplets of moisture exhaled by a host. 

Viruses survive outside, passively (inactively) traveling 

by various means. They may be whisked on the wind or jit-

neyed by insects. They often attach to particles, organic or 

inorganic, in water or soil. Waterborne viruses are especially 

fond of polluted water, where they thrive on bacteria. 

Although viruses are commonly portrayed as pathogenic, 

most are not harmful. Many are beneficial to their hosts: 

helping provide a better living for their host bacteria, fungi, 

plants, insects, and animals of most every species.  

More than one virus can infect the same cell. Depending 

upon their social inclinations, different viruses that meet 

may decide to collaborate, fashioning a new type of virus by 

mutually contributing apt genetic material. 
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Viruses are routinely pressured by host reactions to alter their 
genomes with host nucleic acids or leave parts of viral nucleic 
acids in the host genome. ~ American paleopathologist Ethne 
Barnes 

Viruses evolve more than themselves. Viruses have been 

accelerating the evolutionary adaptivity of all other life since 

their origination, shortly after prokaryotes arose. 

Viruses either invented DNA or appreciated the innova-

tion when they encountered it. They then spread DNA, uni-

fying all life into a compatible genetic regime, thereby 

providing the illusion of a universal common ancestor.  

The most direct way that viruses vector evolution is by 

injecting genes into host cells. When a host cell manufactures 

a new virus, some host genes may be incorporated. The new 

virus carries this genetic material to a new host, effecting 

gene transfer between hosts.  

Viral genes may be added that become a critical part of 

the host species genome. 8% of the human genome is viral in 

origin, including the ability of cells to grow into tissues and 

organs, and to reproduce sexually. Animals would have never 

evolved beyond blobs of cells without viral innovations. 

Most eukaryotic genomes are essentially old battlegrounds 
between critters and their viruses. ~ American entomologist Joe 
Ballenger  

Viral genic injection is only the beginning of an evolving 

story. These interlopers – retroviruses and transposable ele-

ments – provoke cellular genetic innovation to counter them, 

furthering host evolution.  

Arenaviruses acquire genes from host ribosomes, the or-

ganelle used to synthesize protein chains. Retroviruses help 

themselves to host transfer RNA (tRNA) molecules, which 

act as an adapter for bridging the 4-letter genetic code in 

messenger RNA (mRNA) with the 20-letter code of amino ac-

ids. These are just 2 examples of how viruses intelligently 

add to their toolkits with infectious enthusiasm. There are 

several other ways that viruses acquire knowledge to further 

their lifestyle. 
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 Bacteriophages  

The global population of bacterial viruses (bacteriophages, or 
phages) has been estimated to be 1031, outnumbering their 
bacterial hosts by tenfold. Bacteria have developed a formidable 
arsenal of sophisticated strategies to neutralize viruses, but 
phages always seem to find a way to evolve, persist and abound. 
~ French virologists Manuela Villion & Sylvain Moineau 

Bacteriophages infect bacteria. Over 140 genera of bacte-

ria are subject to phage infection. 

Some phages benefit the macroscopic life which harbor 

them by preying upon pathogenic bacteria. Humans medici-

nally employ phages as a remedy for bacterial infection. The 

first such treatment – for dysentery – was discovered in 1917. 

Besides their own defensive stratagems, bacteria may 

gain genic intelligence from their brethren and use it to repel 

infection by bacteriophages. In doing so, they fortify their 

own immune system.  

Phages can thwart these defenses by manipulating the 

genes that provide the bacterial immune response, thereby 

providing a phage with an anti-immune system.  

When infecting bacterial cells, phages face a range of antiviral 
mechanisms, and they have evolved multiple tactics to avoid, 
circumvent or subvert these mechanisms in order to thrive in 
most environments. ~ Canadian microbiologist Simon Labrie 

Some phages are persistent within the bacteria in which 

they reside. Their self-interest becomes protecting their 

home. So, rather than accelerating a bacterium's demise, 

phages help their bacterial host survive. This behavior is con-

sistent with how microbiomes behave in macrobial hosts, 

such as animals and plants. 

Antibiotics can take a severe toll on a bacteria population. 

Helpful phages may deliver genes that let their host bacteria 

withstand the antibiotic assault. Not only does the phage's 

gift provide an immediate remedy, it confers immunity to 

other types of antibiotics. 
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 Communal Decisions  

After injecting their genome into a host cell, most phages 

have one of 2 life-cycle options. A phage can enter a lytic life, 

which rather quickly culminates with the bacterial host in its 

death throes, spewing a plague of phages into the environ-

ment. 

Alternately, a phage may live in lysogeny. The bacterium 

lives out its life, reproducing normally. The genetic package 

of the phage, called a prophage, is transmitted to daughter 

cells. Lysogeny yields slow-but-steady viral proliferation. 

Phages choose their lifestyle after consulting with the 

community at large. They make a strategic decision based 

upon probability. 

Phages trumpet their cellular invasion success by synthe-

sizing a small peptide which gets incorporated into the pro-

tein-based quorum-sensing communication system that 

bacteria use. Each phage has its own signature peptide, so it 

knows its siblings. The viral language phages use is not un-

derstood by their bacterial hosts. But phages do understand 

host cell chatter and eavesdrop to stay informed. 

Phages listen molecularly, and sense how crowded the 

neighborhood is with bacteria infected by others of their kind. 

If there isn't much news, it means there are a bunch of bac-

teria about that are not infected. In this case, better to bust 

a move and practice lysis. The host is worked to death and 

explodes with infant phages eager to make their mark on the 

world. 

If instead a phage learns that there are a lot of compatri-

ots about, patience is well advised. Baby phages are as likely 

to go homeless as not. In this instance, the prudent option of 

lysogeny is taken. 

The system provides an elegant mechanism for a phage to 
estimate the amount of recent infections and decide whether to 
employ the lytic or lysogenic cycle. ~ Israeli geneticist Zohar 
Erez et al 

 

13 virus families infect bacteria. 5 are enveloped. 



 Life's Diversity 263

  

Only 2 phages have RNA genomes. The other 11 are DNA 

viruses. 2 of those are single-stranded. The rest are double-

stranded. 

The ocean is particularly rich with bacteriophages. More 

than 70% of oceanic bacteria are infected.  

 Ocean Viruses  

Marine viruses affect bacteria, archaea, and eukaryotic 
organisms, and are major components of the marine food web. 
Viruses have the ability to manipulate the life histories and 
evolution of their hosts in remarkable ways. From the global 
transfer of niche adaptation genes to modifications of the 
ontogeny and ecology of marine organisms, it has become clear 
that the marine virome is a master of manipulation.  
~ American virologists Forest Rohwer & Rebecca Vega Thurber 

Viruses outnumber all other ocean residents by at least 

15 to 1. There are 1030 viruses in Earth's oceans. Each milli-

liter of seawater may contain 1 billion viral particles.  

Virus genetic diversity is unparalleled. Their genomes 

are often unlike any other organism. This diversity is most 

flamboyantly on display in the ocean. 

In each liter of seawater may be found 25 distinct viruses. 

A kg2 of marine sediment may host a million kinds of virus. 

Viruses remain abundant at least 100 meters underneath the 

deep-ocean bottom. 

One reason for such viral diversity is that there are so 

many different hosts to infect. Each virus lineage evolves in-

novative ways to get past its host's defenses. Speciation via 

specialization is the way to optimize expertise. 

Viruses help produce Earth's oxygen. Synechococcus is a 

widespread marine cyanobacterium, responsible for 25% of 

the world's photosynthesis. The proteins from free-floating 

viruses within the cyanobacteria are instrumental in har-

vesting light for bioenergy. 

In being responsible for 70% of marine microbial mortal-

ity, viruses play a crucial role in marine geochemical cycles, 

and in global nutrient cycling. Viruses catalyze the transfor-

mation of nutrients from living organisms to a dissolved 
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state, where they can be incorporated by microbial communi-

ties.  

Viruses contribute to carbon cycling via lysis: by convert-

ing organic carbon into dissolution. Many other organic 

chemicals are similarly affected by viral creative destruction. 

 In the Muck  

Marine sediments cover 2/3rds of our planet and harbor huge 
numbers of living prokaryotes. Long-term survival of indigenous 
microorganisms within the deep subsurface is still enigmatic, as 
sources of organic carbon are vanishingly small. ~ German 
microbiologist Tim Engelhardt et al 

Marine muck is nutrient-poor, yet it is abundantly alive. 

Sea floor sediment is chock full of viruses: 225 times more 

viruses than other microbes. Viruses are the largest fraction 

of living biomass there, even as the volume of microbes 

within the sea floor equals the biomass of all life in the oceans 

above. 

In controlling the composition and size of the microbial 

community, marine sediment viruses act as predators. The 

microbes upon which they feed produce new viruses that re-

main in the sediment for extended periods, as the relatively 

few microbes there do not produce enough enzymes to do the 

viruses in. 

 Archaeal Viruses  

10 viral families infect archaea, in a wide variety of 

shapes. Only 1 infects both archaea and bacteria.  

The unique cell structure of archaea plays a role in de-

fense against viruses. Archaea have a rudimentary immune 

system that guards against repeated infection. 

Some archaeal viruses enjoy a benign relationship with 

their host: replicating a small number of copies and not caus-

ing lysis. 

Archaea can only be infected by double-stranded DNA vi-

ruses. Almost all (96%) are enveloped. 

DNA is considerably less liable to damage than RNA: par-

ticularly being more resistant to breaking down at high tem-

perature. That archaeal viruses are the most robust coincides 
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with the fact that archaea are the hardiest of cellular life 

forms. 

Given the extreme environments that archaea often live 

in, there is less gene transfer between archaeal viruses and 

those that infect other domains. Nevertheless, there are vi-

ruses that infect archaea carrying genes of bacterial origin. 

This is how eukaryotic cells, which are a combination of ar-

chaea and bacteria, evolved: via viral infection. It also illus-

trates how viruses made DNA the universal genetic currency. 

 Plant Viruses  

In contrast to bacteriophages and archaea viruses, over 

75% of plant viruses have RNA genomes; typically, less than 

a dozen genes. As such, they can be quite small; sometimes 

less than half the size of a bacteriophage. They need to be. 

Unlike animals, the cell walls of plants are an effective 

barrier to viral infection. A virus cannot penetrate a plant's 

outer defense, illustrating another aspect of the astonishing 

savvy behind the evolution of flora. 

Plant viruses must rely on another invasive agent, often 

an insect, to open a path by eating away at a plant. Round-

worms and soil-borne protozoa deliver viruses via plant roots. 

Once inside, viruses sneak throughout a plant by passage 

through plasmodesmata: the microscopic channels between 

plant cells. 

A plant virus depends entirely upon the invasive vector it 

associates with. Such a virus can only infect the plants that 

its insect agent feeds on. 

As most plant viruses are RNA, plants evolved a defense 

using RNA interference (RNAi), which disables the plant vi-

rus by chopping it up. For DNA viruses, a plant employs 

RNAi to methylate the viral DNA, thereby gumming its 

works. Viruses can counteract RNA silencing by expressing 

potent RNAi suppressor proteins.  

Some viruses cooperate with one another to infect a plant. 

The tomato spotted wilt virus and iris yellow spot virus help 

each other tackle a tomato by dramatically changing their 

genetic expressions.  
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Virtually all plants fall victim to a viral infection some 

time during their lives. Some are infected as seeds – a tough 

way to sprout into life, though common. 20% of plant virus 

transmissions are from one generation to the next. 

To cope with plant defenses, the RNA viruses that infect 

plants have extremely high mutation rates. A jump to 

animals is not especially difficult for these versatile viruses, 

especially animals that come into regular contact with 

plants. 

The tobacco ringspot virus managed the leap from the to-

bacco plant to the mites that pester pollinating honeybees, 

and then to honeybees themselves. Such species-jumping 

multiplies the ways that a virus can disperse. 

 Viral Zombies  

Pathogens and parasites can induce changes in host or vector 
behavior that enhance their transmission. ~ American biologist 
Laura Ingwell 

Numerous viruses practice mind control: altering host 

behavior to improve the probability of infecting others. 

 The Wasp & Its Virus  

Many parasites of insect hosts have evolved associations with 
bacteria and viruses that help them perform their often-deadly 
deeds. ~ American entomologist Nancy Beckage 

Caterpillars are eating machines. The parasitoid wasp 

Cotesia congregata chucks a spanner in the machine by in-

fecting tobacco hornworms. A compromised caterpillar slows 

down and loses much of its appetite. This is a profound 

change. 

Cotesia wasps finesse their parasitism via a polydna-

virus: a virus genetically integrated with its wasp in a mutu-

alistic relationship. This symbiotic system independently 

evolved with different viruses at least 3 times. 

The wasp provides a home base for the polydnavirus, 

which does not reproduce in the caterpillar. The virus is rep-

licated in special cells – calyx – within a female wasp's ovary. 

Male wasps carry the viral sequence but cannot produce it. 
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Infection begins with the wasp injecting her eggs into a 

caterpillar. The virus paves the way for a happy incubation 

for wasp larvae hatching within the hornworm. 

The polydnavirus provides the smarts for the wasp's par-

asitism: suppressing the caterpillar's immune system and 

controlling the cytokines that alter the hornworm's behavior. 

Beside genomic integration, the polydnavirus has other 

oddities. It has double-stranded DNA packaged much like 

chromosomes in eukaryotes. Despite having few viral genes, 

polydnavirus' genome is one of the largest, and largely com-

posed of introns, which is rare for a virus. 70% of the DNA is 

noncoding; far from the genic efficiency typical of viruses; but 

then, human understanding of genetics is rudimentary. 

The origin of polydnaviruses remains a mystery. Many of 

its protein products are inscrutable and have no known hom-

ologs (similar structures).  

The polydnavirus defies placement in an evolutionary 

niche, lending support to the theory that it was assembled 

rather than evolved.  

 

Healthy gypsy moth caterpillars climb out onto leaves to 

feed at night. At night, they crawl back onto branches or bark 

to hide from predators. 

Contrastingly, caterpillars infected with a baculovirus 

disregard normal safety procedures and are readily found on 

leaves in broad daylight. For the virus, the caterpillar being 

picked off by an aerial predator is a free flight ticket. 

Eventually an infected caterpillar climbs to the top of the 

tree it is on. There the caterpillar is converted into a sac of 

virus that liquefies and rains down on foliage below. The vi-

ral particles sprinkle leaves and await being eaten by the 

next caterpillar victim. Fast flight or slow fall: both tactics 

spread the virus. 

 

Some plant viruses get insects to do the heavy lifting for 

them. By altering feeding preferences, targeted herbivorous 

insects act as viral agents to spread infection through a plant 



268 Spokes 2: The Web of Life  

population. Different viruses independently evolved this 

trickery. 

Aphids not infected with Barley yellow dwarf virus 

(BYDV) prefer grazing on barley plants that are infected, 

while infected aphids prefer uninfected plants. Hence, BYDV 

promotes both its acquisition and transmission by its insect 

porter.  

Aphids are similarly manipulated by the potato leafroll 

virus for potato plants. The tomato spotted wilt virus pulls 

the same trick with thrips that suck on tomato leaves.  

The manipulative wiles of viruses are widespread. To en-

gender transmission, an active herpes virus often makes its 

host lusty.  

Cytomegalovirus – a cousin to herpes – can drive the off-

spring of its carriers crazy. Though this common virus in-

vokes at most mild symptoms in adults, women infected with 

cytomegalovirus run an increased risk of bearing a child who 

will develop schizophrenia.  

People vaccinated with flu viruses become more socially 

active shortly after being inoculated.  

Viruses were early adopters in the parade of parasites 

that make their carriers do their bidding. Many other patho-

gens know how to manipulate their hosts minds, often ren-

dering a host so insensible as to put its own life in peril for 

the parasite's sake. 

That viruses can influence the minds of other organisms 

in specific ways which advantage the pathogen is convincing 

evidence that Nature is an exhibition that cannot be ex-

plained by merely biomechanical means. 

 Protists  
The kingdom Protista comprises organisms which are unicel-

lular or unicellular-colonial and which form no tissues. ~ Rob-
ert Whittaker in 1969 

The mishmash multiformity of life is well exemplified by 

protists, which represent a failure of classification by dint of 

diversity. Protists are a catchall category of eukaryotic 

microbes. Most are unicellular, typically defined by what 

they are not: fungus, plant, or animal; though their 
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similarities to these other life forms are striking. Among the 

protists are algae, plankton, and protozoa. 

Protists are a disparate grouping of 30–40 phyla, with lit-

tle in common except relative simplicity, notably their lack-

ing tissue differentiation. Owing to their oddities and variety, 

protist classification has been an ongoing controversy.  

Trophically, various protists may be photosynthetic auto-

trophs or heterotrophic. Protists are either plant-like, as with 

algae, or animal-like, such as protozoa. 

Euglena go both ways. They have chloroplasts for photo-

synthesis, but will hunt prey, typically smaller protists, when 

they can't get enough light energy. 

Individually, protists are microbial; such as diatoms, 

which are an algal form with 110,000 species. Numerous pro-

tists, including some diatoms, form visible colonies. 

 Reproduction  

All protists can reproduce asexually. Unicellular protists 

do so by mitosis. Multicellular protists often produce spores. 

Many protists, though not all, can also reproduce sex-

ually. Sex affords faster adaptability by diversifying geno-

types, increasing the probability that at least some of a 

population will survive the stress of environmental adver-

sity. Reproductivity flexibility itself confers adaptability to 

live in different habitats. 

Brown kelp, a common large seaweed, produces spores (a 

sporophyte). A spore develops into a microscopic life that at-

taches to submerged surfaces, often in deep, dark waters. 

These microscopic bodies produce male and female gametes 

(a gametophyte). Mating of male and female gametes results 

in a zygote that grows into a kelp that lives near the surface: 

a photosynthesizing brown alga. Hence brown kelp has a 

dual life cycle involving both asexual and sexual reproduc-

tion: alternation of generations. 

One of the protozoan parasites that causes malaria, Plas-

modium falciparum, has a complex life cycle involving mul-

tiple forms, some reproducing asexually, other sexually. The 

genetic implications of sexual versus asexual reproduction in 

these protozoa are not yet understood. 
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 Algae  

Algae (singular: alga) are a vastly 

diverse group of simple autotrophs. 

Undifferentiated tissue is what ren-

ders algae as protists rather than 

plants. Like plants, most algae are 

photosynthetic.  

Algae are categorized by color: 

green, yellow-green, red, and brown. 

Algae range from unicellular microbes, such as diatoms, to 

giant kelp, which may grow to 65 meters. Seaweed – includ-

ing kelp (a brown algae) – are a colonial form; the largest and 

most complex marine algae. 

Chlamydomonas reinhardtii is a tiny (10 µm) single-cell 

photosynthetic green alga, found worldwide in soil and fresh 

water. When carbon dioxide is in short supply for photosyn-

thesis, C. reinhardtii resorts to consuming cellulose. It is the 

only known vegetative organism capable of herbivory. 

 Diatoms  

Even unicellular organisms evaluate their individual needs. 
Diatoms adapt their behavior flexibly, moving towards potential 
mates or food sources depending on how hungry they are for 
sex or nutrients. ~ German biologist Georg Pohnert 

Diatoms live within a unique silica cell wall that makes 

for a bivalve shell. Because of it, diatoms are an alga with a 

prosperous afterlife. 

140 million years makes for a lot of dead diatoms. While 

other planktonic biomass produces petroleum in the not-so-

great beyond, diatom shells that drop to water's bottom make 

for harder stuff: a mildly abrasive, porous, and absorptive di-

atomaceous earth, which is used in paint and toothpaste, 

among other applications. 

an alga (8 µm) 
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 Volvox  

Volvox is a genus of freshwater green algae. 

Free-swimming cells join together – up to 50,000 

strong – to create colonies that are gelatinous hol-

low spheres formed by collective secretions. 

Each cell sends out 6 fine fibrils. The fibrils connect with 

different neighboring cells, creating a communication net-

work. 

Volvox cells coordinate to swim in unison. While single 

cells have some individuality, they work together for the good 

of the colony. 

The colonial sphere develops cellular specialization, in-

cluding distinct anterior and posterior poles. Eyespots be-

come more developed in the front (anterior), better allowing 

a colony to swim toward the light. Encountered encum-

brances are sensed and swum around. 

 Plankton  

Plankton typify the protist' classification dilemma, in be-

ing characterized only as teeny critters that can't swim 

against a current. 

Bacterioplankton are waterborne bacteria and archaea, 

rendering the term bacterioplankton an incomplete misno-

mer. A more inclusive and descriptive term would be sapro-

plankton, because these plankton remineralize organic 

material. 

Phytoplankton practice photosynthesis. Among them are 

prokaryotes (cyanobacteria) and eukaryotes (diatoms, cocco-

lithophores, and dinoflagellates). 

Phytoplankton alter their biochemical composition according 

to nutrient availability. ~ American biochemist Patrick Martin  

 Husbanding Phosphorus  

Phosphorus is essential to all organisms. It can be ex-

tremely scarce in open-ocean surface waters. Phytoplankton 

compensate by tucking away a reserve of phosphorus when it 

is available. 
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Conversely, phytoplankton take various measures to ac-

cess phosphorus when supply is scant. They reduce their in-

ventory of phosphorus-containing biochemicals, increase 

their affinity and uptake rate of phosphorus, and produce en-

zymes to hydrolyze extracellular dissolved organic phospho-

rus molecules. 

 Dinoflagellates  

Dinoflagellate have 1 to 3 whiptails (flagellates), hence 

the name. That is about the only commonality among the 

2,000 species. 

Most dinoflagellates have an odd nucleus, called a dino-

karyon, with chromosomes attached to the nuclear mem-

brane. These chromosomes lack histones, and so stay 

condensed throughout interphase, which is strange.  

Once considered a primitive prokaryotic holdover owing 

to their peculiar practice of genetic management, the chro-

mosomal doings of dinokaryons are instead simply distinc-

tive to other eukaryotic life. 

Overall, dinoflagellates cover the food chain range: as au-

totrophs, heterotrophs (phagotrophs), symbionts (e.g., coral), 

and parasites. 

A popular pastime for social dinoflagellates is to bloom 

into concentrations of more than a million per milliliter of 

water. Some produce neurotoxins and kill hapless fish. Oth-

ers are innocuous. A few are flashy: bioluminescent blooms 

that blink when disturbed. 

Hard times can make a dinoflagellate congregate for pro-

tection. 2 cells fuse, entering hibernation after tucking in ex-

tra fat, and forming a hard shell, sometimes even spikes.  

When prospects return to promising, dormant dinoflagel-

lates break out of their shells, separate, and start life anew. 

Ah, to be young again, with a new tail at the start of life's 

tale. 
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 Photosynthetic Techniques  

Cyanobacteria were long considered algae, but these pro-

karyotes do not fit the profile. Algae are eukaryotes, perform-

ing photosynthesis via chloroplast organelles. Cyano-

bacteria lack these organelles, conducting their photosyn-

thetic conversions in specialized infolded cytoplasmic mem-

branes (thylakoid membranes). Yet cyanobacterial 

photosynthesis is like plant photosynthesis. This is unsur-

prising, in that plant chloroplasts arose from endosymbiotic 

cyanobacteria living inside early eukaryotic cells. 

All plants practice photosynthesis 1 way, with incredible 

efficiency. In contrast, there are 5 different systems of photo-

synthesis for prokaryotes: 2 are like plants, albeit somewhat 

simpler; the other 3 are considerably different, and not very 

efficient at all. 1 bacterial photosynthetic process produces 

sulfur as its byproduct, not oxygen. 

 

Zooplankton are protozoa or metazoa that feed on other 

plankton and telonemia. While protozoa are protists for life, 

metazoic meroplankton are protist posers: planktonic for 

only part of their lives, usually the larval stage.  

Meroplankton graduate to a nektonic (free-swimming) or 

benthic (bottom-dwelling) adulthood. Marine worms, crusta-

ceans, sea stars, sea urchins, and most fish get their start as 

meroplankton. 

Plankton derives from the Greek for "drifter." But mero-

plankton are not casual drifters. When threatened by a pred-

ator, they try to leap out of the way: springing into the air for 

a jump of up 40 times their length (17 cm), traveling 0.66 me-

ters per second in midair, while somersaulting at up to 125 

revolutions per second. Their aerial bulleting is often success-

ful: lowering the odds of becoming a meal for a small predator 

to just 1.1%. 

 Protozoa  

Protozoa are a diverse group of 50,000 species; one that 

has grown big for its britches. Once considered protists, some 
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new classification schemes grant protozoa their own king-

dom.  

Protozoa are among the most ancient eukaryotes; pre-

sumably originating through parasitic, then mutualistic, as-

sociations of prokaryotes. This follows along the evolutionary 

lines that led to the eukaryotes of the plant and animal king-

doms. 

 Trich  

Trichomonads are single-celled, anaerobic pro-

tozoans with multiple flagella (typically 4–6). 

Trichomonas vaginalis (Tv) is a parasitic tricho-

monad which causes trichomoniasis (aka trich). Tv 

is the most common of the 3 trichomonads that in-

fects humans.  

Sexually transmitted, Tv resides in the urogenital sys-

tem, with the vagina its preferred domicile: a warm, moist, 

inviting place with plentiful nutrition. Plus, men are a con-

venient carrier to the next vagina. 

Once inside, the pear-shaped parasite paddles to an ideal 

spot on the lining of the vagina or cervix, where it sprawls 

out, amoeba-like. Tv then helps itself to a banquet of host 

cells.* 

Tv doesn't work alone. Other microbes living in the 

vagina, and some inside the parasite itself, get into the fray. 

Host immune response can be problematic. Tv kills T and 

B cells by poisoning them. 

Neutrophils cope better. Neutrophils are immune system 

first-responders that attempt to engulf invaders. The prob-

lem in attacking Tv is that the protozoan is larger than a 

neutrophil. So, 3–6 neutrophils mob Tv and nibble it to death: 

a process called trogocytosis. Tv typically succumbs with 3–8 

bites. 

Tv's preemptive countermove is to nestle into the vagina 

so that it cannot be surrounded. To do so, Tv peppers vaginal 

 
* Surprisingly, ~70% of women and men do not have symptoms 

when infected. Symptoms typically begin 5–28 days after expo-

sure. Symptoms include itching, stinky vaginal discharge, burn-

ing when urinating, and pain during sex. 
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cells with tiny bubbles of proteins and RNA which prime host 

cells for parasite attachment by altering their surface mem-

brane. 

The vagina is home to a bacterial microbiome which is 

dominated by Lactobacillus in healthy women. The vagina 

feeds its lactobacilli. In return, the bacteria excrete an acidic 

substance that prevents many disease-causing microbes from 

taking hold of host cells. 

Tv treats Lactobacillus as a threat: eating them and other 

protective bacteria while cultivating microbes amenable to 

mischief, which includes cooperating with Tv. 

Tv also hosts its own helpful microbes: species of Myco-

plasma bacteria and an assortment of viruses called TVVs 

(Tv-virus). TVVs assist Tv in sticking to host cells. TVVs and 

Mycoplasma also magnify inflammation and infection symp-

toms, thereby sowing confusion in the immune system as to 

the source of the infection. 

Tv thrives when it has friends: showing more energy and 

growing faster. The mutualism improves nutrient collection, 

most notably arginine. Immune cells need arginine to make 

the nitric oxide which kills infectious microbes. By eating the 

arginine, Tv's bacterial helpers thwart the immune system 

by removing the pesticide supply. 

 Ciliates  

Ciliates are well-known protozoa, characterized by a 

peach fuzz lining of hair-like cilia that let them swim for it, 

whatever it may be. Ciliates swim wherever water is found: 

in soils, ponds, lakes, rivers, and oceans. 

Other protozoa are not so ambitious. Once settled, sporo-

zoans don't move. Instead, they lodge inside hosts as para-

sites. 

Cilia are for more than just swimming about. A ciliate 

sweeps food into its mouth using its cilia. Food is packed into 

a vacuole which travels the digestive tract, where the con-

tents are broken down via lysosomes until small enough to 

diffuse through the food vacuole into the cell. Anything left 
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in the vacuole when it reaches the cytoproct (anus) is dis-

charged via exocytosis: directing a secretory vesicle into ex-

tracellular space. 

 Amoebae  

Amoeba are a primitive protozoan that can reproduce 

both sexually and asexually. 

While unicellular, amoebae extend their cytoplasm to 

form a pseudopodium (false foot), thus affording movement.  

Amoebas gobble other protists: diatoms and plankton. 

Amoebae eat with their feet. Chemical stimulation from the 

amoeba's food induces psuedopodia to form, enveloping the 

meal-to-be, while forming a cavity, or vacuole, that acts as a 

digestive area.  

A digestive enzyme secreted into the cavity breaks down 

the morsel into soluble chemicals that then diffuse into the 

cytoplasm: phagocytosis. Many heterotrophic protists – 

phagotrophs – eat by phagocytosis. 

Despite looking like blobs, amoebas are careful to main-

tain their figure. They know how much they have eaten. 

Though food may be abundant, amoebae don't overeat.  

 Xenophyophores  
While the term microbe entwines tiny, not all unicellular 

organisms are microscopic. Deep in the ocean trenches, on 

abyssal plains, up to 10.6 km down, live xenophyophores: sin-

gle-celled protozoans, some 42 known species, that grow to 20 

cm in diameter. These are ancient creatures, dating to the 

Ediacaran (635 – 542 MYA). 

Xenophyophores are delicate; basically, lumps of viscous 

fluid – cytoplasm – with numerous nuclei evenly distributed 

throughout. Their bodily sprawl is contained in a ramose 

(branched) system of tubes called a granellare, made of an 

organic cement-like substance.  

Xenophyophores are tireless bottom feeders; rooting 

through sea floor mud for unknown nutrition. But what is 

known is that what goes in comes out as slime.  



 Life's Diversity 277

  

This fecal matter, termed stercomes, mixes with their se-

creted cement to form stercomares: structures which agglu-

tinate around the granellare, further augmented by 

scavenged minerals and the microscopic remains of other or-

ganisms, such as sponges. The shell inside a stercomare is 

termed a test. 

Out of the mud comes a high-rise. Stercomares are a hab-

itat for worms, clams, sea stars, and crustaceans.  

By this, xenophyophores are benthic beavers: creating a 

conducive environment for other species. Besides building 

stercomares, xenophyophoric foraging stirs the sediment, re-

leasing nutrients that others appreciate. 

Xenophyophores prolifically live in all the oceans; indis-

pensable agents for engendering diversity in benthic ecosys-

tems. A single cell can make a difference in the world. 

 Slime Molds  

Slime mold refers to protists that reproduce by spores. 

Slime molds were formerly fungi, but taxonomically slithered 

into protist territory. 

The classification of slime molds remains more than a lit-

tle slippery. As a group, slime molds are polyphyletic: the last 

common ancestor of the multitude of existing slime mold spe-

cies that was not itself a slime mold. That makes slime molds 

an oddly diverse group. 

While slime molds are protists, molds are fungi. There are 

several similarities, and a few differences. Both produce mo-

tile zoospores. Under certain circumstances, both slime 

molds and molds congregate and coordinate as a singular or-

ganism. 

Fungal molds grow via hyphae: multicellular filaments. A 

connected network of hyphae – a mycelium – comprises a sin-

gle organism. Slime molds, such as plasmodia, are creepy in 

their own way. 

The major difference between the fungus and the protist 

is in the texture. Mold is dusty, owing to a profusion of spores 

on the mycelium. Slime molds are instead so watery as to 

slide into slimy. 
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 Intelligence  

Slotting slime molds into the tree of life is not the only 

slippery thing about them. Slime molds have no identifiable 

intelligence system, but their behavior is far from brainless.  

Slime molds are smarter than they look (which, in of it-

self, is not much of an accomplishment, considering how they 

look). Slime molds can solve mazes and anticipate periodic 

events. 

This simple organism has the ability to find the minimum-
length solution between 2 points in a labyrinth. The cell is ca-
pable of 'intelligent' behavior, even in complicated situations in 
which it is difficult to optimize survival tasks. ~ Japanese biol-
ogist Toshiyuki Nakagai et al 

A slime mold leaves behind a slime trail behind as it trav-

els, which it can use to tell where it has already been. This 

helps it navigate to food supplies.  

In reaching out for food, slime molds create complex com-

munication networks; as complex and as efficient as human 

highway systems. A slime mold also recognizes and reacts to 

trails left by other slime molds.  

Slime molds are nutritionally aware. They do best on a 

diet that is 1/3rd carbs and 2/3rds protein. When given a 

choice, they consistently choose food that has an optimal bal-

ance of nutrients. 

Slime molds have long-term memory. They learn patterns 

and anticipate periodic events. And they pass their 

knowledge on. 

Slime molds exhibit transfer of learned behaviour during cell 
fusion. ~ French biologist Audrey Dussutour & American biol-
ogist David Vogel 

Slime molds demonstrate memory and problem-solving 

without having any identifiable physical structure that sup-

ports these abilities. Slime shows that intelligence is all in 

the mind. 
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Some solitary amoebae are protozoan, but social amoebae 

fall into the fold of slime molds. Certain so-called non-social 

amoeboid protists are also slimes. One is plasmodia. 

 Plasmodia  

A plasmodium is something of a supercell (syncytium): a 

cytoplasmic blob with up to thousands of structures that re-

semble cell nuclei, albeit of many different genetic origins (a 

heterokaryon). This happens as the product of plentiful pair-

wise fusions of amoeboid individuals that form a plasmo-

dium.* These are oversexed beasts indeed. 

While considered non-social, a plasmodium is actually an 

aggregation to an extreme of sociality: a single species sym-

biorg, albeit with extreme genetic diversity. Hence a plasmo-

dium is an organic congregation acting as one. The notion of 

an individual having a single genome is completely lost on a 

plasmodium (not that any multicellular organism has a sin-

gle genome either; that's just a popular conceptual fiction 

among geneticists). 

Heterokaryosis (diverse genetics) is also common in fungi 

and lichen. Syncytium (a multinucleate cell) is a normal cell 

structure for many fungi. Some plants too have syncytial 

cells. 

The more one learns about the lives of these early life 

forms, the easier it is to understand the classification confu-

sion that biologists face. These little ones share many simi-

larities in different facets of existence. 

Plasmodia creep along a forest floor, amoeba-like, feeding 

on yeasts, bacteria, and decaying vegetation. The creep is 

caused by coordinated wave movement, typically from the 

rear of the plasmodium forward. 

When food runs low, a plasmodium prepares itself to re-

produce. It creeps to a place that is sunny and dry. The top of 

a log is suitable. 

 
* Plasmodium is a genus of unicellular eukaryotic obligate para-

sites – same name (except capitalized and italicized), entirely dif-

ferent organism.  
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The plasmodium reshapes its slimy self into several spo-

rangia: fruiting bodies that are a stalk with a bulb on top, 

somewhat resembling a mushroom. The bulb is a protective 

incubator for the spores stored inside. 

A wind blows over a bulb, opening it; releasing the spores 

to ride the breeze. The spores alight on the ground to await a 

wetting or are moistened in the air. Life begins anew as an 

amoeboid with a plasmodial future. 

 Social Amoebae  

In good times, social amoeba live as single-celled organ-

isms (myxamoebae), feasting on soil bacteria. When food runs 

short, tens of thousands band together to form a slug-like 

multicellular cluster, which then slithers away in search of a 

more bountiful patch of dirt. 

During slug time, some of these social amoebae become 

specialized cells, roving around and vacuuming up invading 

toxins and unwelcome bacteria; in effect, an immune system.  

The cells recognize foreign bacteria using a protein called 

toll/interleukin-1 receptor A (TirA). TirA is closely related to 

the protein that animals use in their immune systems to 

identify bacteria, indicating an evolutionary connection be-

tween amoeba and later, larger multicellular life.  

 

Dictyostelium discoideum (Dicty) is an ordinary soil 

amoeba that feeds on bacteria. Dicty form biofilms which en-

hance survival prospects for its members. A Dicty biofilm is 

commonly, and indelicately, called a slime mold. 

Dicty life begins as a spore, released from a mature soro-

carp (fruiting body). When conditions are favorable – warm 

and moist – individual cells (myxamoebae) hatch from their 

spores.  

Myxamoebae are attracted to their prey by the smell of 

the folic acid which the bacteria secrete as a waste product. 

Once fat and happy, myxamoebae multiply by mitosis (cell 

division). 
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 Amoeba Farmers  

Farming occurs in societies. ~ Dutch evolutionary biologist 
Duur Aanen 

Some Dicty carry around bacteria that they are fond of 

eating, with which they seed the soil. After the bacteria mul-

tiply, the biofilm amoebae selectively harvest the bacteria for 

food, leaving some the crop for later generations to enjoy. 

Dictyostelium farmers suffer a reproductive cost but also gain 
beneficial capabilities, such as carriage of bacterial food (proto-
farming) and defense against competitors. ~ American bacteri-
ologist Susanne DiSalvo 

Dicty farming gives the impression that the amoebae are 

in charge. Instead, bacteria are running the show; but not the 

ones being farmed for food (e.g., Klebsiella). 

Dicty don't farm until they are infected by Burkholderia 

bacteria. Via mind control, Burkholderia incite Dicty to take 

up farming. 

The symbiosis benefits all 3 parties. The edible bacteria 

get dispersed, and at least some survive. Burkholderia also 

get around by driving their Dicty. By farming, Dicty survive 

when they might otherwise starve. If times get lean, 

Burkholderia may decide to dine on their host before moving 

on. It's a microbe-eat-microbe world. 

Burkholderia are the drivers, benefiting by exploiting new ter-

rain, and sometimes harming their vehicle. ~ Susanne DiSalvo 

Other such cultivating creatures include ants, termites, 

beetles, a salt marsh snail, and some damselfish. All are so-

cial species. Unlike Dicty, other farmers practice agriculture 

without being manipulated to do so. 

 

When food runs low, myxamoebae aggregate to produce a 

next generation of spores. Starvation initiates latent meta-

bolic pathways which produce glycoproteins and adenylyl 

cyclase: chemicals that engender colony formation.  

Glycoproteins foster cell-to-cell adhesion. Adenylyl 

cyclase catalyzes conversion of ATP into cyclic adenosine 

monophosphate (cAMP). cAMP is secreted by the amoebas to 
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cajole neighboring cells into congregating, whereupon they 

stick together as they bump into each other, thanks to the 

glycoprotein adhesion. 

Once aggregated, the blob tips over, lying flat on the 

ground. A slug is born.  

From here on out, the amoebae work as one. Cells differ-

entiate into distinct functions, thus belying their protist la-

bel. 

About 1% of the amoeba cells take on an immune system 

function: crawling through the slug in search of infectious 

bacteria. Like later-evolved macrophages, these amoebae po-

lice devour invaders, then excrete themselves from the slug, 

taking the pathogen with them, and dying in the line of duty. 

Such altruism is essential to the slug's health.  

Self-sacrifice in Dicty owes to their being able to recognize 

who their kin are. Slime molds are made of related amoeba. 

The slug creeps to a well-lit spawning showplace, where 

it rearranges itself, using signaling pathways for coordina-

tion. One portion forms into a stalk of a fruiting body. An-

other portion turns into spores. 

The initial fruiting body formation (sorocarp) is termed a 

"Mexican hat." 20% of the amoebae in a sorocarp are doomed 

to starvation; a societal sacrifice. The kabuki of becoming a 

mature Mexican hat takes 8 to 10 hours.  

Once the hat is fully formed, at a towering 1–2 

millimeters tall, spores are released, initiating the life cycle 

once again. Farming Dicty tuck favored bacteria into their 

spores, so they are ready to sew a fresh crop when life begins 

anew.  

 Multicellular Life  
Single-celled organisms are a supremely successful life 

form, easily accounting for more than half the living biomass 

on the Earth's surface; a proportion that rises precipitously 

when considering subterranean lives. 

It took 4 times longer for a eukaryotic cell to evolve from 

prokaryotes than it did for life to arise on Earth from inani-

mate matter. But duration does not account for what seems 
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inevitable when viewed from the perspective of energy effi-

ciency, an elemental evolutionary driver.  

The evolution of cells permitted potentially competing 

metabolic processes to be localized and an energy-efficient 

metabolism to emerge. Increasingly complex metabolism 

evolved with intracellular compartments, courtesy of mem-

branes which allow electrochemical potentials to develop and 

drive electrons between compartments in controlled pro-

cesses. Semi-porous eukaryotic membranes act as filters and 

conduits; an evolutionary orchestration involving both ex-

change and defense. 

Multicellular life forms evolved over a billion years ago. 

The transition from single cell to multicellular life is best un-

derstood as separate organisms in a shared ambient coming 

into closer interdependence, to fuse into a single, yet differ-

entiated, being.  

Difficult living conditions spur evolutionary adaptation. 

It is likely that environmental demands and opportunities 

drove eukaryotic union. The availability of oxygen as respir-

atory fuel may have sponsored the evolution of eukaryotes. 

Eukaryotic cells have an important advantage over pro-

karyotes: size. Larger cells afford greater internal complex-

ity, when coupled with compartmentalization that allows 

specialized functioning, as with organelles. 

 Chloroplasts  

At one time chloroplasts were free-agent, light-gobbling 

cells: ancestral cyanobacteria. Their photosynthetic skills 

were so appreciated that they were incorporated by early eu-

karyotes. 

In all algae and green plants living today, chloroplasts re-

tain portions of their circular, prokaryote DNA, as well as 

other trappings of their ancient heritage. Chloroplasts divide 

by splitting, quite independently of cell division where they 

reside. But chloroplasts long ago forfeited genes essential for 

independence: genes which now reside in the cell nucleus. 

Chloroplasts gained a comfy home, while the host cell ac-

quired a power plant. 
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 Fungi  
Out of damp and gloomy days, out of solitude, out of loveless 

words directed at us, conclusions grow up in us like fungus: one 
morning they are there, we know not how, and they gaze upon 
us, morose and gray. Woe to the thinker who is not the gardener 
but only the soil of the plants that grow in him. ~ German 
philosopher Friedrich Nietzsche 

Fungi are a diverse group of eukaryotes with a complex 

classification, as there are well over a million species. Fungi 

fall into 2 general sizes: microscopic and macroscopic. 

Fungi differ from all other life. Unlike plants and animals they 
form no embryos. They grow from tiny propagules, packages 
called spores. ~ Lynn Margulis 

Fungi can be mighty hardy: thriving in harsh habitats as 

well as more hospitable conditions. Fungi keep their cool in 

deserts, savor salty settlements, not agonize over ionizing ra-

diation, and sink without being down in deep-sea sediments. 

Some fungi are astronaut-ready: able to survive the intense 

UV and cosmic radiation encountered during space travel. 

Most fungi, though, are much more down to Earth. Fungi 

are among the most prolific soil microbes. Topsoil averages 

over 8.2 tonnes of fungal mycelia per acre.  

A mycelium is an integrated organism. Mycelial cords can 

transfer nutrients over long distances. This lets a fungus 

grow through soil from an established food store in search of 

a new supply. 

Fungi are like plants in some ways but cannot produce 

their own food through photosynthesis. Instead, they gain 

nourishment by breaking down organic matter.  

Most fungi are saprovores, but fungal parasites do not 

wait until the food is dead. They sate themselves by gnawing 

on the living. 

Fungi are important recyclers in every ecosystem. They 

break down the departed, thereby burying the dead to feed 

the living. What fungi don't absorb are essential nutrients 

that are recycled into the soil for uptake by microbes and 

plants. 
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Major fungal groups differ in reproduction, both by sexu-

ality (asexual, sexual, or alternatively both), and by the way 

they produce spores. The degree of sexual diversity may seem 

somewhat surprising, in that all fungi evolved from a com-

mon ancestor. But sexuality is simply an adaptable life-his-

tory variable, as flexible as any other trait from an 

evolutionary perspective. 

Fungi clearly are intelligent, even as they lack any phys-

iology for it. 

In both plants and animals, electrical and chemical signaling 
is known. It's not clear what happens in a fungus. Yet multicel-
lular fungi coordinate the distribution of nutrients and their be-
havioral responses. ~ Swiss microbiologist Markus Künzler 

Fungi recognize each other and are territorial. If the my-

celium of an individual fungus splits into smaller networks, 

they happily grow independently. If they later encounter one 

another, they may fuse back together to form a more robust 

mycelium by pooling resources. 

If a fungus encounters a conspecific, they build chemical 

fences that mark territorial boundaries. In contrast, when in-

terspecific fungi meet, war often breaks out. Each fungus pro-

duces various agents to terminate with extreme prejudice. 

Concoctions may be adjusted to improve toxicity. Their ge-

nome offers a variety of lethal cocktails which a fungus may 

choose from, as well as providing inspiration for brewing in-

novations. 

Fungal fighters think strategically. Beset by enemies on 

different borders, a fungus will pick off the weakest enemy 

first, so as to consolidate resources for taking on stronger op-

ponents. Bystanders may affect the outcomes of battles by 

emitting some of their chemical arsenals, or staging skir-

mishes to weaken a dominant contender. 

Fungi associate with a wide variety of other organisms, 

often as mutualists. Their friendly relations with plants are 

legion. Other fungi are not so benevolent, existing as para-

sites and pathogens on or in plants, animals, and other fungi. 
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 Predatory Fungi  

Some fungi are predators, trapping prey in various ways. 

One technique is to secrete a sticky substance that latches 

onto lunch. Amoebae and nematode worms are typical en-

snared fare. 

Freshwater fungi snag rotifers. Tiny projections from hy-

phae appear to a rotifer like a tasty snack. Once the rotifer 

takes a bite of hypha, the rotifer is literally hooked. Fine 

branches spread throughout the rotifer's body, digesting it 

and feeding the nutrients to the parent fungus. 

One predatory fungus lassos its prey. It normally con-

tents itself as a saprovore, but, if there is surfeit of nearby 

nematodes, it changes diet. 

As soon as the fungus senses roundworms, it starts 

sprouting tiny loops from its hyphae. Each loop comprises 3 

cells, joined end to end. 

A nematode swimming by is likely to explore the loop: the 

oddity of an open aperture in a cramped environment. As the 

nematode swims within, the cells in the loop suddenly inflate, 

squeezing the nematode to a standstill. 

The nematode panics: wriggling furiously to escape. This 

fruitless exercise exhausts the worm, who expires from over-

exertion. In contrast, a nematode with its wits about it suf-

fers a prolonged death, as slowly growing hyphae spread 

through its body, consuming it. 

A particularly strong nematode sometimes breaks free. 

The escape is but a reprieve. Snare fragments are always 

stuck to the worm. In time, these grow hyphae which pene-

trate and start to feed on the nematode. 

 Microscopic  

Microscopic fungi were the earliest to evolve. Although 

fungi are ostensibly opisthokonts: organisms with flagellate 

cells, only the earliest – chytrids – still flail flagella. 
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 Chytrids  

Chytrids are a primordial fungus. There are 1,000 species 

in 127 genera. Most are saprovores. Some are plant patho-

gens. All are aquatic. Many are freshwater dwellers. 

Chytrids may reproduce asexually or sexually. Some do 

both. Regardless, the next generation starts out with a tail.  

Chytrids spawn sport a flagellum, whether gametes or zo-

ospores (motile asexual spores). Chytrids are the only true 

fungi that reproduce by zoospores. 

Chytrids keep it simple. The thallus (body) of a mature 

chytrid commonly comprises just a zoosporangium, typically 

spherical, and a rhizoid system. The zoosporangium is the 

main body and producer of zoospores. The rhizoids absorb 

and digest food, as well as anchoring the chytrid to its chosen 

substrate.  

 Allomyces  

Allomyces is a chytrid mold found in freshwater or wet 

soil. It forms a trunk body (thallus) that attaches via rhizoids 

(root-like tissues). Completing the ersatz plant analogy, re-

productive organs form at the end of branches. 

Allomyces mix haploid and diploid generations. A haploid 

thallus forms male and female gametangia which spawn flag-

ellated gametes that attract the opposite sex by producing 

pheromones.  

Their mating creates a zygote that develops into a diploid 

thallus with 2 sorts of sporangia: one which releases diploid 

zoospores that develop into diploid thalli, and another which 

releases haploid zoospores which form haploid thalli. 

 Yeast  

Humanity's favorite fungus by far is yeast. There are 

1,500 known species, estimated to be 1% of the varieties in 

yeastdom. 

Bread may have been baked as early as 10,000 BCE. The 

Egyptians were probably the first to experiment with leav-
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ened bread. They kneaded dough with their feet in large bak-

eries. Ancient leavening would have been for sourdough 

bread, using yeast and lactic acid bacteria. 

 Fermentation  

Beer. Now there's a temporary solution. ~ American cartoon 
character Homer Simpson 

Fermented beverages were enjoyed by the earliest socie-

ties in the ancient Near East. Writings from ancient Iraq, 

dated 5,500 BCE, mention beer. 

The invention of beer predates its written description, but 

how early beer appeared is still bleary. Circumstantial evi-

dence intimates that humans may have stored grain for beer 

before they cultivated it for bread.  

The Sumerians brewed beer into poetry and the heavens: 

a hymn to the beer goddess Ninkasi doubles as a prayer and 

a recipe.  

The Sumerian language had an ideogram for beer by the 

end of the 4th millennium BCE. Sumerian writings use a vo-

cabulary to describe beer production that is not indigenous, 

and so it is likely that the Sumerians imported beer before 

praising it to the skies.  

Beer was the favorite beverage of ancient Egyptians, as 

well as a staple food. Well-to-do Egyptians were entombed 

with an ample supply of brew for the afterlife. Even ancient 

Egyptians knew that staying sober isn't what being dead is 

all about. 

Beer was a hit in Neolithic Europe by 3,000 BCE. The 

brew's popularity endured. Christian monasteries made and 

sold beer by the 7th century Anno Domini. Fermentation was 

considered a gift of God. 

 Maternal Sacrifice  

A mother's willingness to sacrifice for the sake of her chil-

dren is innate in many species besides humans. Female polar 

bears starve to nurse cubs. Dolphin mothers stop sleeping to 

care for newborns. Some spider moms make a meal of them-

selves for their hatchlings. 
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Yeast asexually propagate by budding; a variant of mito-

sis. A small daughter cell forms. This bud grows until it sep-

arates from mom.  

A yeastling is typically smaller than its mother. This con-

tradicts the classic picture of mitosis, which postulates an 

even splitting of cells into 2 identical copies. 

Uneven division is not uncommon. Human stem cells of-

ten divide into cells that look and behave quite differently. 

A yeast mother's size reflects her generational age. Yeast 

grow as they get older. 

When it comes to yeast, having smaller offspring does not 

indicate a shirking of maternal care. Quite the contrary. 

Mitochondria are the power plant organelle for all eukar-

yotic cells. Each cell meets its energy needs by mitochondrial 

production. 

The ratio of a yeast's mitochondrial size to total cell size 

is not constant. Mitochondrial ratio declines as a yeast gains 

girth and ages.  

As a bud grows, a yeast mother consistently provides suf-

ficient mitochondria to the bud to ensure her daughter's sur-

vival. In the process, mom gives more than she can recover. 

Hence, with each generation, a yeast mother sacrifices for her 

offspring.  

Most yeast begin to die off after 10 generations. Few sur-

vive to 20. 

 Proprioception  

All organisms have a sense of orientation. ~ American biol-
ogist Paul Cullen 

Proprioception is the sense of physical self, including the 

relative position of various body parts and their employment, 

and as well the energy required for movement or other activ-

ity. Yeast possess proprioception. 

Yeasts are commonly colonial. How a colony grows de-

pends upon how much it has to eat. When nutrients are plen-

tiful, a mother yeast buds so that her daughter faces the 

colony.  

If instead the food supply is running short, buds face out-

ward, away from the colony. Mothers direct their daughters 
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to form outgoing filaments, and so find food. Such change of 

orientation occurs within a single generation, upon realizing 

that the food supply is unsustainable.  

 Molds  

Though they make an impressive visual colonial appear-

ance on fruits and vegetables left uneaten, molds are consid-

ered microbes.  

There are thousands of known mold species. All require 

moisture. 

Like caterpillars to butterflies, mold can go through dif-

ferent developmental stages. Molds have the same basic 

growth requirements as bacteria, but typically grow much 

more slowly. To compensate, many molds synthesize com-

pounds that inhibit the growth of competing microorganisms. 

Slow growth coincides with the ability of molds to grow 

on surfaces that offer limited supplies of nutrients, such as 

linen and cotton cloth, and even tanned leather. At least 200 

different molds have been identified from mildewed fabric, 

growing in brightly colored patches: blue, green, yellow, or-

ange, pink, or brown.  

 Penicillin  

Scottish scientist Alexander Fleming made a serendipi-

tous discovery in 1928. A particular mold fungus, stressed 

out in his lab, produced penicillin, an antibiotic.  

Penicillin is a secondary metabolite of the mold Penicil-

lium notatum, produced only when growth is inhibited by 

stress: never during the good times of active reproduction.  

Fleming stressed Penicillium by forcing it to live in a sub-

standard substrate, in a biotechnological process called fed-

batch, purposely intended to limit growth. 

Penicillin's medical potential was figured by a team of re-

searchers in 1938, after reading Fleming's paper on Penicil-

lium.  

Penicillin was first applied by the researchers in 1941, on 

a patient infected by a rose thorn scratch, Albert Alexander. 
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Within a day of being administered penicillin, Alexander 

started recovering.  

But there wasn't enough penicillin to keep dosing him to 

full recovery. Alexander relapsed and died. 

 Macroscopic  

All multicellular fungi have 2 features: 1) cells with 

threadlike filaments (hyphae), which often have branches; 

and 2) special reproductive structures that prodigiously shed 

spores.  

Few macrofungi are aquatic. The bog beacon, a water 

mushroom, is one. Its fruiting body rises above the surface of 

water from its substrate of submerged, well-decayed wood or 

leaf mat. 

Most macrofungi grow as hyphae, at the tip of ever-ex-

panding filaments, food supply permitting. Hyphae typically 

grow to form a mesh-like mass: mycelia. 

Spores are the next generation of a fungus, and a sturdy 

hedge against dire conditions, as lightweight spores are eas-

ily airborne, and can easily withstand aridity. With the 

proper nutrients available, an individual spore can germi-

nate and start its life cycle. 

Like animals, all fungi are heterotrophic. Most are sapro-

vores; collectively playing an important ecological role in nu-

trient recycling. A few are carnivores (150 species out of 1.5 

million). 

Mycelium exude enzymes that break down the meal of the 

moment into a simpler soup that the hyphae absorb. Specific 

enzymes target the food of choice.  

Every naturally occurring organic material can be con-

sumed by some type of fungus. 

Macrofungi include mushrooms, toadstools, puffballs, 

and bracket fungi. One puffball seen in Washington state was 

as big as a sheep: 1.5 meters long and 1 meter wide.  
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 Mushrooms  

Mushrooms are the most famous fungi. The 

button mushroom is wildly popular as low-cal-

orie garnish. Raw dietary mushrooms are a 

good source of B vitamins. 

Other mushroom species are more sensa-

tionalist, owing to their production of secondary metabolites 

that are toxic or psychoactive. Like plants, mushrooms mas-

tered the production of antibiotic and antiviral substances. 

Some mushrooms possess the impressive ability to seem-

ingly appear overnight; hence colloquiality about "mush-

rooming."  

A minute fruiting body forms as a 1st stage. A small but-

ton follows in the next stage. Once button-staged, a mush-

room can rapidly absorb water from its mycelium and 

expand, mainly by inflating preformed cells which took sev-

eral days to form. While such mushroom fruiting bodies are 

short-lived, the underlying mycelium may be massive and en-

during.  

Not all mushrooms quickly mushroom. Some grow slowly, 

adding tissue by growing from the edges of a colony, or by 

adding hyphae. 

As wind is unreliable, mushrooms need an effective way 

to disperse their spores. They employ evaporative cooling. 

Mushrooms release small water droplets just before spore 

dispersal. Droplet evaporation creates vapor with enough lift 

to actively spread spores. 

The oldest organism in the world was a humongous fun-

gus: 2,200 years old, in over 9.7 km2 of soil, in an eastern Or-

egon forest. Then logging roads cut it up. 

 Mycophagous Mammals  

Fungi are a common food source for many creatures, no-

tably insects and mammals. A few mammals are obligate fun-

gus feeders. 
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The long-footed potoroo, known as the "rat kangaroo," is 

a marsupial the size of a housecat that lives in the warm, 

temperate forests of southeast Australia. Its dependence on 

truffles circumscribes its habitat 

to locations where fungi are pre-

dictably available throughout the 

year. This changes through the 

seasons: riparian areas during 

the warm, dry summer, and into other areas of the forest dur-

ing the cool, moist winter months. 

The Western red-backed vole is a small rodent: 6.5–13.7 

cm long, 1.8–2.1 cm high, weighing no more than 30 grams. 

This burrowing vole is endemic to the forests of California 

and Oregon. 85% or more of the Western red-backed vole's 

diet is fungus, preferentially the fruiting bodies of mycorrhi-

zal fungi that are symbionts of forest trees.  

The fungi fruit on decayed timber, after its nutrients have 

been exhausted. Because the fruiting bodies are under-

ground, the spores are not liberated in the air, as with most 

fungi. 

Voles feast on the fungal fruit, and deposit their drop-

pings, along with fungal spores, throughout their burrows. 

This enables a mycorrhiza to spread to unassociated trees. 

There is a 3-way symbiosis going on. If a forest is clear-

cut, with dead wood and trimmings removed, the mycorrhi-

zae stop fruiting. The vole population dies out. Newly planted 

trees struggle to survive. 

Red squirrels, common throughout Eurasia, are not obli-

gate mycophagists, but they are quite fond of mushrooms. 

These arboreal rodents dry their fungal finds by hanging 

fruiting bodies on the branches of trees.  

Once dried, which typically takes a couple of days, squir-

rels cache their crop of dried mushrooms in knot holes, hollow 

branches, or nests of twigs in the canopy, as well as cavities 

in tree stumps or in holes beneath logs on the ground. This 

distributes the fungal spores about, allowing a new genera-

tion in a new location when the rains come. 
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 Lichen  

Lichens are among the most successful macrobes in Na-

ture, having been around for at least 480 million years, with 

well over extant 20,000 species. Lichens have shown enor-

mous adaptive flexibility, including in their intimate collabo-

rations with other life forms. 

Like molds, lichens are often colorful and get by on little. 

They are slow growers even by the mold standard. 

Lichens are long-lived. In favorable conditions, a lichen 

may survive many thousands of years. 

Lichens compete with plants for sunlight access, but be-

cause they have a leisurely growth and are small, they can 

thrive where higher plants struggle to gain a roothold. 

Several ground-dwelling lichen species have the wiles to 

preclude competition from plants. They produce metabolites 

that leach into the soil and inhibit seed germination and 

young plant growth. The result can be a lichen glade: a few 

scattered trees in terrain dominated by lichen. Lichen glades 

are more common in high elevations or high latitudes in the 

northern hemisphere. 

Lichens are widespread around the world. Lichens ap-

pear in the most extreme environments, including arctic tun-

dra, scorching deserts, rocky coasts, and toxic slag heaps. 

~6% of Earth's land surface is covered by lichens. 

Lichens can even survive in space. They also enjoy the 

temperate life, in lush rain forests and woodlands, as well as 

on bare rock and soil. 

While classified as fungi, all lichens are composite organ-

isms: a fungus (mycobiont) in a symbiotic mutualism with a 

photosynthesizing alga and/or cyanobacterium (photobiont). 

Some also incorporate a 2nd fungus – a yeast – into them-

selves. A few have 2 different phototrophs, usually a green 

alga and a cyanobacterium. The advantage of being more cos-

mopolitan is not known. 

The photobiont makes enough carbohydrate food for both 

partners via photosynthesis. The mycobiont provides the 

home. The mycobiont manages growth and contributes min-

eral nutrients, obtained by chewing on the rock or substrate 

that the lichen is clinging to. 
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There's a mix-and-match aspect to lichen. The same algae 

species may be popular with more than 1 lichen-forming fun-

gus. 

A principal reason for lichen success is their ability to feed 

on air. They get most everything they need – moisture and 

nutrients – from the atmosphere; except, of course, the mod-

est mineral contribution of the mycobiont. 

Being air feeders, it may seem that a fungus's preferred 

partner would be a cyanobacterium, as most of them can fix 

atmospheric nitrogen, and so supply this valuable nutrient. 

Surprisingly, cyanobacteria are not a fungus's preferred part-

ner. This indifference may owe to lifestyle: lichen grow so 

slowly that an abundance of nitrogen would be wasted 

wealth. A lichen gets all the nitrogen it needs from the mi-

nute amount of ammonia in the air, supplemented with the 

substrate that gets munched on by the mycobiont. 

The nitrogen situation is different for tripartite lichen 

(those that are a fungus, green alga, and cyanobacterium). 

The cyanobacteria in these triads vigorously fix nitrogen. 

These lichens tend to be relatively rapid growers.  

The mutualism of the microbial participants in lichens is 

not obligatory. Mycobionts are also found in a free-living life-

style. Only 20% of lichen species are obliged to be symbiotic 

with photobionts. 

Many lichens reproduce asexually, either by physical sep-

aration (vegetative reproduction) or by dispersing diaspores 

containing a few algal cells swathed in fungal cells. Asexual 

reproduction does not lessen the capability of lichen to speci-

ate if the appropriate opportunity arises. 

The fungal mycobiont in a lichen may reproduce sexually. 

Many do so, producing spores that spread to new land. In 

their youth, these fungi must meet a compatible photobiont 

to marry and take up the lichen lifestyle. 

Lichens may have long lives, but many are sensitive to 

pollution and contamination, as they accumulate toxins with-

out any means to expel foul chemicals. The more dependent 

upon its photobiont a mycobiont is, the more sensitive it is to 

air pollution. 

Lichens are a major food source for reindeer. 90% of the 

winter diet of Artic reindeer is lichen, even when covered 
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with snow. Reindeer can smell lichen through the snow and 

dig down to get it. Occasionally there are fights over a good 

lichen patch. 

Humans use lichens to make perfumes and dyes. Lichens 

are also mixed into traditional medicines. 

 Pathogens  

Several fungi are pathogenic to plants and animals. As 

with other pathogens, fungi can be wily. 

 Candida  

Candida albicans is a microscopic dimorphic fungus. 

Most of the time it exists as single yeast cells which repro-

duce by budding. C. albicans can also reproduce sexually.  

Most yeasts do not produce mycelia but C. albicans can 

create a colony via hyphal filaments. C. albicans choses its 

form according to ambient conditions. At room temperature, 

single cells seem best. But sensing itself inside a warm body 

with the proper pH, C. albicans may develop into mycelial 

form, to better appreciate its environment. Its decision to 

turn mycelial is made by quorum-sensing.  

C. albicans is typically commensal to humans; an every-

day member of gut flora, as well residing on the skin and mu-

cosal surfaces. C. albicans lives in 80% of the human 

population without incident. 

C. albicans senses the status of its host's immune re-

sponse. If the immune system is weak, C. albicans may de-

cide wreak havoc by turning pathogenic.  

 

Brown spot on corn, leaf rust on wheat, ergot on rye, and 

blight on potatoes menace plants and their herbivorous con-

sumers. They all have an extensive agricultural history. 

 Ergot  

Saint Anthony's fire was a dreaded Medieval affliction, 

caused by consuming grain infected with ergot fungus. Symp-

toms include convulsions, nausea, vomiting, diarrhea, head-

aches, and hallucinations. 
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The name came from the 12th-century monks of the Or-

der of St. Anthony, who were especially successful at treating 

this disorder using balms and herbs that stimulated circula-

tion, to accelerate flushing the drug from the system. 

The fungus Claviceps purpurea produces ergot when 

growing on rye or other grains. Ergot is a brew of powerful 

chemicals, including a substance that transposes into the 

hallucinogen LSD.  

When milled, ergot in grain reduces to a red powder, 

which is obvious in lighter grasses, such as millet, but easily 

overlooked in dark rye flour.  

Convulsive ergotism is caused by eating fungal-infected 

bread. Rye, historically the grain of the poor because of its 

hardy ability to grow on relatively poor soil, is especially sus-

ceptible to ergot. 

The fire of ergot was known to the ancients. Assyrians 

were acquainted with the disease by 600 BCE. Erogotism 

waned during Roman times only because the Romans did not 

care for rye.  

Epidemics of the ergotism recurred throughout history 

into the 19th century. Saint Anthony's fire was repeatedly lit 

in medieval Europe because rye was a major cereal crop, and 

ravenous peasants were none too careful. Entire villages 

were ravaged. In 994, 40,000 in central France succumbed to 

ergotism. 

The notorious Salem, Massachusetts witch trials (1692 – 

1693), where women and children were hanged for being serv-

ants of Satan, may have been spurred by the spasmodic 

symptoms of eating ergot-tainted rye. Court records list 

symptoms of "bewitchment" that read like the physical man-

ifestations of psychedelic trips. 

 

Controlled doses of the ergot alkaloids have been used to 

treat migraine headaches and strengthen uterine contrac-

tions in childbirth. 

Lysergic acid is a derived or synthesized precursor of er-

got alkaloids. D-lysergic acid (LSD) was first synthesized by 

Swiss chemist Albert Hofmann in 1938, who got high in the 
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Alps by accidentally absorbing a bit through his fingertips in 

1943. Hofmann recorded the psychedelic experience as:  

"a not unpleasant intoxicated-like condition, characterized by 
an extremely stimulated imagination. In a dreamlike state, with 
eyes closed (I found the daylight to be unpleasantly glaring), I 
perceived an uninterrupted stream of fantastic pictures, 
extraordinary shapes with intense, kaleidoscopic play of 
colors." 

 Potato Blight  

Potatoes grow wild throughout the Americas, but domes-

ticated potatoes have a single historical origin: Peru, where 

they were first grown 7,000 to 10,000 years ago. Spanish con-

quistadors subjugated the Inca Indians of Peru in the 16th 

century, taking potatoes back to Europe as captives.  

European farmers were at first skeptical of the spud, but 

famines in the early 1770s put potatoes in the ground and on 

the menu. While the French stubbornly snubbed the spud un-

til 1800, the hardy potato quickly became a staple in Ireland, 

as it was a food crop that landless laborers, renting tiny plots 

from their landowners, could grow.  

A single acre of potatoes and milk from a solitary cow 

could feed a whole family. The landowners were only inter-

ested in raising cattle and growing grain. 

The Irish population exploded, with the potato as the sta-

ple diet of the poor. The same potato species was widespread 

throughout Ireland. 

Irish newspapers in 1843 had reports of a disease destroy-

ing potato crops in America. In 1844, late blight arrived. Phy-

tophthora infestans, an oomycete, which is a fungal cousin, 

causes late blight.  

The devastating blight swiftly spread through the poorer 

communities of western Ireland, resulting in the crop failures 

that led to the Great Irish Famine, which killed over a million 

and wrecked the Irish economy. The circular irony is that the 

great Irish wave of immigration to the United States resulted 

from the potato blight, which came from America. 
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 Fungal Voices  

For something with no discernable intellect, some fungi 

possess considerable capacity to affect the minds of others. 

 Death Grip  

This is a microbe controlling an animal – the one without the 
brain controls the one with the brain. ~ American entomologist 
David Hughes 

The fungus Ophiocordyceps unilateralis infects carpenter 

ants. At the end of its life cycle, the fungus causes full body 

convolutions in an infected arboreal carpenter ant that sends 

the ant to the forest floor. 

The fungus then induces the ant to climb a plant to a par-

ticular place favorable to the fungus. The ant positions itself 

on the underside of a low-hanging leaf, then makes one last 

powerful bite that holds it in place. 

After planting its mandibles, the ant expires. 

O. unilateralis then grows a spore-bearing stalk out of the 

ant's neck. After 4–10 days preparation, this fruiting body 

then releases its spores. 

O. unilateralis has an exceptional practice of mind control 

in inducing numerous specific behaviors in carpenter ants. 

An infected ant found in the nest would be immediately 

removed. So, the fungus marches an infected ant away from 

the colony, but into the path of foragers; a sniper's alley for 

future hosts. 

The fungus is also smart enough to stick to its core com-

petency. While O. unilateralis may infect other ants, it does 

not attempt to turn them into zombies. 

The fungus produces a specific array of compounds as a re-
action to the presence of the host brain it has evolved to manip-
ulate. ~ American entomologist Charissa de Bekker et al 

 

Ants are not the only creature to hear fungus talk. Psy-

chedelic fungi have played a historically significant role in 

enlightening humans.  
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 Fungus of the Gods  

The magic mushroom Amanita muscaria may have lent 

its power in the formulation of Hinduism as the "soma" in 

ancient Vedic scriptures. 

Soma is portrayed in the seminal Vedas as a spiritual tri-

fecta: sacred, a god (deva), and a drink. The Rig Veda hymn 

of Soma proclaims that drinking soma grants immortality, 

like ambrosia in ancient Greek mythology: both what the 

gods quaff, and what makes one a god. 

We have drunk Soma and become immortal; we have at-
tained the light, the Gods discovered. Now what may foeman's 
malice do to harm us? What, O Immortal, mortal man's decep-
tion? ~ Rig Veda 8.48.3 

The suggestion that soma was psychotropic has been con-

troversial. Ephedra sinica has been considered soma candi-

date. E. sinica is an ancient cold remedy, unlikely to 

stimulate such florid self-realization of mortal man's decep-

tion. 

Ancient Siberians employed A. muscaria in their sha-

manic rituals. Shamans were ubiquitous among indigenous 

tribes from prehistory onwards. One of their roles was mes-

senger and intermediary between the human world and the 

spirit plane. Ingesting psychotropic substances, such as psil-

ocybin mushrooms and peyote, to better access the spirit 

world has long been a shamanic tradition. 

The common name for A. muscaria is fly agaric – not be-

cause it works as a pesticide, but rather from the delirium its 

consumption induces. Medieval lore had it that flies could 

penetrate a person's head and render them deranged.  

From the ancient Greek, agaric is the term for the fruit of 

a mushroom. Psychotropic mushrooms, including A. musca-

ria, were known to the ancient Greeks. Perhaps soma and 

ambrosia were the same. 

To test the pesticide hypothesis, researchers exposed flies 

to fly agaric. It did not kill them. Their behavior was observed 

as having got a buzz (intoxicated). Apparently, fly agaric 

turns flies into gods, who may then see past their own mortal 

deception. 
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 Synopsis  

➢ Life's diversity is a testament to the ease and versatility 

of evolutionary adaptation. 

Biological Classification 

➢ In extensively cataloging species by physical characteris-

tics, Carl Linnaeus is considered the father of biological 

taxonomy. More recent efforts are grounded in genetic re-

search. 

➢ 8 major biological taxonomic ranks are generally recog-

nized: life, domain, kingdom, phylum, class, order, fam-

ily, genus, and species. Organisms are scientifically 

termed by genus and species. 

➢ Zoology and botany organizations have their own 

schemas, including subdivisions, such as tribe. Thus, 

binomial nomenclature (naming species) is mired by lack 

of consensus. Numerous naming inconsistencies exist 

between different biology organizations. 

➢ In 1977, Carl Woese proposed 3 domains: archaea, bacte-

ria, and eukaryote – a categorization which is generally 

accepted. More recent evidence shows that eukaryotes de-

scended from archaea. Moreover, viruses have been uni-

versally and inscrutably ignored as life forms. Hence, the 

proper domains of life are: viruses, archaea, and bacteria. 

A eukaryote is an archaeon hosting a bacterial endosym-

biont. 

Microbes 

➢ Microbes are microscopic life: comprising a diverse vari-

ety of unicellular and multicellular organisms, including 

viruses, bacteria, archaea, fungi, protists, microscope 

plants (green algae), and animals, such as plankton and 

planarian. Though most microbes are prokaryotes, many 

are eukaryotes, including amoeba. 

➢ Microbes are by far the most abundant life on Earth, and 

among the most diverse. 
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➢ Many microbes can tolerate conditions that larger species 

cannot, tolerating thermal and/or chemical adversity. Mi-

crobes may even be space travelers. 

➢ Microbes are eminently sociable. Biofilms are a common 

cooperative association among a species population. 

➢ Quorum-sensing – decision-making among decentralized 

groups coordinating their behavior – is ubiquitous with 

biofilms. Quorum-sensing also used with social animals, 

including eusocial insects and schools of fish. 

➢ Many microbes have an intimate symbiotic relationship 

with other living beings, either beneficial, commensal, or 

pathogenic. Relationships vary between a microbe and its 

host, by species or even by individual population. 

Viruses 

➢ Viruses evolved into undisputed masters of genetic ma-

nipulation and genomic architecture. Viruses invented 

DNA and passed it on to other early life. 

Viruses are almost miraculously devious. They're just bun-
dles of protein and nucleic acid, and they're able to get into 
cells and run the show. ~ American virologist Eric Freed 

➢ Viruses infect all other life forms. They hijack the cellular 

machinery of their host to replicate. 

➢ A worldwide community, and a major player in the global 

ecosystem, viruses are the most abundant and diverse 

life. They are everywhere other life exists: in the air, soil, 

water, and sea.  

➢ During infection, viruses recognize specific host cell mol-

ecules. A virus may be patient in activating itself. 

➢ Viruses kill only because they have not evolutionarily ma-

tured to know better. Learning to infect and run cellular 

machinery without terminating the host is a fine art. 

Some ancient viruses, such as herpes, infect without 

grievously harming its host. Other viruses benefit their 

hosts. 
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➢ Some viruses manipulate host behavior to improve their 

chances of spreading through a population. Herpes, for 

instance, make their hosts more sexually receptive. 

Bacteria 

➢ Along with archaea and viruses, bacteria had Earth to 

themselves for 3 billion years; plenty of time to diversify 

and settle into every possible niche, which they have.  

➢ Bacteria come in a considerable diversity of shapes and 

sizes, with various means for locomotion. 

➢ Bacteria have self-awareness. Bacteria communicate 

among themselves and operate as a community. 

➢ Bacteria rapidly adapt by selectively incorporating found 

or shared genetic material (horizontal gene transfer). 

 

Multicellular Life 

➢ The advantage of multicellular organisms is specializa-

tion: differentiated cells that perform different tasks. Spe-

cialization requires coordination. Coordination involves 

communication, and, except for plants, cells moving 

about. 

➢ Every complex organism is a cellular colony, living sym-

biotically with microbes as a symbiorg. All plants and an-

imals comprise a community: a host living in concert with 

a microbiome. The quality of the microbiome determines 

the health of its host's life. 

Fungi 

➢ There are over a million different fungi, both microscopic 

and macroscopic. 

➢ Single-celled fungi that live solitary lives are yeast, while 

colonial unicellular fungi are molds. 

➢ Fungi are both hardy and prolific. They are one of the 

most abundant soil microbes. 
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➢ All fungi are heterotrophic. Most are saprovores; others, 

pathogens. A few are predatory. Some fungi are mutual-

ists with plants and animals. 

➢ Macroscopic fungi, such as mushrooms, are typically ter-

restrial. Only a few are aquatic. 

➢ A lichen is a composite collaboration of fungus and photo-

synthetic microbes. Lichens are long-lived, slow growers. 

This permits patience in their competition with plants for 

access to sunlight. 



 

 Plants  
Photosynthesis underwrites most life on Earth. ~ American 

botanist Karl Niklas 

The grouping of plants conventionally includes the 

progenitor – green algae – and its land plant descendants – 

embryophytes. On land are mosses, liverworts, ferns, and 

other seedless plants (pteridophytes), gymnosperms, and 

angiosperms. 

Mosses are small, soft, non-vascular plants. There are 

12,000 different mosses: typically, 1–10 cm tall, though a few 

are larger.  

Dawsonia is the largest moss. Found in Oceania, it can 

reach 65 cm in length.  

Liverworts are an evolutionary step from mosses, as their 

leaves are more developed, and they have rhizoids: root hairs, 

which are the precursor to roots. There are 9,000 distinct liv-

erworts. 

Ferns were the first vascular plant. They have roots, 

stems, and leaves, but reproduce via spores, not seeds. Ferns 

first appeared 360 MYA, but the ferns living today date to 145 

MYA. There are 12,000 extant species of ferns. 

Gymnosperms were the first seed-producing plants (sper-

matophytes). Conifers, cycads, gnetophytes, and the ginkgo 

tree are gymnosperms. 

Conifers bear their seeds in cones. There are 8 conifer 

families, 68 genera, and 630 extant species. Conifers include 

pines, cypresses, and other cone-bearers. A few conifers are 

shrubs, but most are trees. 

Cycads have a stout, woody trunk, topped with a crown of 

large, stiff, evergreen leaves, which are typically pinnate. Cy-

cads include bread palms, Zamia, and Ceratozamia. 

Gnetophytes differ from other gymnosperms in having the 

water-conducting tissue found in all flowering plants. There 

are 3 genera of gnetophyte: Gnetum, Welwitschia, and 

Epherdra, totaling 70 species.  
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The Gnetum genus comprises ~35 species. Most Gnetum 

are woody climbers in tropical forests. The best-known Gne-

tum is the melinjo tree; endemic to Southeast Asia and west-

ern Pacific Ocean islands. Melinjo seeds, fruit, flowers, and 

leaves are used in Indonesian cuisine. 

Welwitschia has a single species: an odd, large, but low-

to-the-ground plant, native to the Nimib desert on the west 

coast of Africa. Welwitschia may live 2,000 years or more. 

The Welwitschia plant has 2 strap-like leaves that grow 

continuously from the plant's base, reaching 2–4 meters. 

Over time the 2 leaves become flayed by various events, giv-

ing the appearance of multiple straps. 

Welwitschia have separate female and male plants (dioe-

cious). Insects fertilize. Females produce seed-bearing cones. 

The 50 species of Epherdra are shrubs adapted to aridity; 

found in southwest North America, the west coast of South 

America, north Africa, and temperate latitudes from Spain to 

China. 

Epherdra have been medicinally employed for at least 

60,000 years; treating asthma, hay fever, and the common 

cold. They contain the alkaloids ephedrine and pseudoephed-

rine. These compounds – chemically related to ampheta-

mines – have both stimulant and decongestant properties. 

Angiosperms enfold the latest innovations in plant tech-

nology, most notably beautiful blossoms; a sexual display of 

unmatched loveliness. There are 352,000 species of flowering 

plants. 

All told, there are nearly 400,000 plant species. Over 90% 

are seed plants. 

A plant and its environment are inextricably linked into one 
holistic structure. Plants are not passive entities at the mercy of 
any environmental perturbation, but to an extent manipulating 
the environment to their benefit. ~ Anthony Trewavas 

Plants provide much of Earth's breathable oxygen. Plants 

are the macroscopic foundation of terrestrial ecology. All land 

animals ultimately depend upon plants for survival. 

Most plants have 3 major organs: roots, stems, and 

leaves. Angiosperms add flowers. 



 Plants 307 

 Tissues  

Each plant organ is composed of tissues: groups of cells 

performing a function. A tissue is classified by its origin, 

function, and structure. Any plant organ may have several 

tissues.  

There are numerous tissues in a plant, some simple: com-

prising a single cell type, such as ground tissue and various 

fibers; and some complex: with multiple cell types, including 

vascular and outer tissues. All plant tissues are produced 

from meristem. 

Unlike animal cells, which move during development, 

plant cells are immotile. As such, the decision-making, hor-

monal, and genetic networks for plant tissue growth are 

unique.  

 Meristem  

Plant growth begins with meristem: undifferentiated cells 

which specialize according to need. Meristematic cells are 

analogous to stem cells in animals. 

The growing tips of buds, shoots, and roots are apical me-

ristem. They provide primary growth.  

Whereas primary growth is growth from cell division at 

the tips of roots and stems, causing elongation, secondary 

growth is cell division in cambia or lateral meristems, caus-

ing roots and stems to thicken. 

As a shoot tip extends, stem cells at the center of meri-

stem divide and proliferate. Cells on the periphery differen-

tiate to form plant organs, such as leaves and flowers. 

In-between the 2 layers are a group of small boundary 

cells that become quiescent, forming a barrier that separates 

stem cells from differentiating cells, eventuating into the bor-

ders that define plant organs. Brassinosteroid hormones help 

establish organ boundaries.  

When it is time to flower, shoot apical meristem trans-

forms into inflorescence meristem, from which different 

flower parts grow. 

Apical meristem differentiates into one of 3 primary me-

ristems: procambium, ground meristem, and protoderm.  
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At the center of a growing root or stem is procambium, 

which develops into fluid transport (vascular) tissues. 

Outside of procambium lies ground meristem, which pro-

duces ground tissue of various sorts, including secondary tis-

sues. Ground tissues serve various functions, including leaf 

energy production (photosynthesis), structural support, stor-

age, secretion, and wound repair. 

Protoderm is on the outside of a stem, developing into the 

epidermis (outer tissue layer).  

 Secondary Tissues  

Secondary growth comes from lateral meristems, which 

produces secondary tissues that increase the girth of roots 

and stems. Cambium tissues provide structural support (cork 

cambium) and fluid conduction (vascular cambium). 

Vascular cambium produces vascular tissues. This gives 

rise to wood in arborescent plants which sustain themselves 

aboveground throughout the seasons. In contrast, herbaceous 

plants have leaves and stems that die down to the soil level 

at the end of the growing season. 

Cork cambium, like vascular cambium, forms a thin cyl-

inder that runs the length of roots and stems of woody plants. 

This protective layer lies just outside vascular cambium. 

The cytoplasm of living cork cambium cells secretes 

suberin: a waxy, fatty substance that renders cork cells 

waterproof. This protects the tissues within from drying out, 

freezing, and mechanical injury. 

In woody plants, after early growth, the initial epidermis 

is sloughed off, and replaced by a periderm from tissues pro-

duced by cork cambium. Periderm is a secondary covering on 

small woody stems and non-woody plants. 

Within periderm are lenticels: airy cells that act as pores, 

providing gas exchange between internal tissues and the at-

mosphere. Fissures in tree bark have lenticels at their bases. 

Bark is the outermost layer of the stems and roots of 

woody plants. Bark is a nontechnical term for the various tis-

sues outside the vascular cambium. On older stems, inner 

bark is living tissue, while outer bark is dead tissue. 
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 Physics  

The physics of plants often approach perfection, geomet-

rically and otherwise. Phyllotaxy is exemplary.  

Phyllotaxis is the arrangement of specific plant parts, 

such as leaves on a plant stem. The phyllotactic opposites and 

spirals that plants create with their branches, leaves, and 

compound flowers are genetically imbued patterns, epigenet-

ically adjusted to account for the local situation. 

Plant growth is optimized to take advantage of current 

conditions. Roots spread in patterns to optimize their sys-

temic probability of nutrient uptake. 

Leaves grow in a concerted manner to afford each other 

sunlight, while providing the entire plant maximum solar en-

ergy intake. Suboptimal leaves have their contents recycled, 

leaving a cellular husk that falls away. This phenomenon is 

seen by trees abandoning their lower branches as they com-

pete with neighbors for sunlight. 

Water and light are the energy sources for plant life. But 

light provides more than energy. Light is also an environ-

mental signal: telling a plant the date of the year, which 

guides plant growth via hormonal changes. Seeds under-

ground respond to heat signatures generated by sunlight. 

Plant growth commonly creates optimal configurations. 

These patterns often correspond with mathematical proper-

ties.  

Leaves typically sprout from a stem at an angle that pro-

vides the best chance of maximizing nutrient intake, includ-

ing air, moisture, and sunlight. In beech and hazel, the angle 

is 1/3; oak and apricot = 2/5; almond and willow = 5/13; pear, 

poplar, and sunflower = 3/8. 

 Sunflower Florets  

At the center of a sunflower or daisy is a mesh spiral of 

florets. The florets mature into seeds.  

To give each floret an equal chance at propagating the 

plant, a specific arrangement must be made. In sunflowers, 

as in all plants, the growth pattern is geometrically precise. 
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Mathematically, floral disc arrange-

ment occurs as Fibonacci numbers, as the 

angle of succession (divergence) – that is, 

the angle at which the next floret appears 

in relation to the one before – approaches 

the golden angle. Fibonacci numbers recur 

in many organic patterns. 

Each floret is oriented toward the next 

by 137.5°, thus producing an optimal pack-

ing of florets. This arrangement is most effi-

cient, both in internal dynamics related to 

floret development, and in equalizing the 

opportunity of individual florets to process 

sunlight, moisture, and air.  

 Photosynthesis  

The photosynthetic system of plants is Nature's most elabo-
rate nanoscale biological machine. ~ Indian molecular biolo-
gist K.V. Lakshmi 

Photosynthesis uses the molecular machinery in plant 

leaf cells to extract from water and carbon dioxide the elec-

trons and protons needed to produce food and fuel. Like all 

biochemical reactions, photosynthesis is powered by the ac-

tions of electrons. 

Plant leaves are green because they are filled with chlo-

rophyll: pigment molecules that selectively absorb light spec-

tra, rejecting (emitting) a certain range seen as green. An 

incoming photon energizes an electron in the chlorophyll into 

a mobile state.  

Once excited, the electron quickly shuttles from the chlo-

rophyll to a nearby acceptor molecule, setting off a series of 

electron transfers. Photon capture and conversion into an 

electron sent on its way happens within 10 to 100 picosec-

onds. A picosecond is one-trillionth (10–12) of a second.  

Moving from one molecule to another within a plant cell's 

membrane, a transferred electron ultimately reaches a reac-

tion center, where electrical energy is converted into chemi-

cal energy: an ATP molecule. 
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The initial, near-instantaneous electron transfers are in-

credibly efficient. Over 95% of light energy hitting a leaf 

reaches the photosynthesis reaction center.  

Succeeding biochemical steps are much less efficient. Nu-

trients directly affect photosynthetic performance, notably 

the instant availability of nitrogen and phosphorus. The 

overall metabolic environment also has an effect. 

The superefficient energetics of photosynthetic electron 

transfer occurs using quantum coherence: photons acting as 

waves, simultaneously sampling potential pathways and in-

stantaneously selecting the most efficient path. This miracle 

of productive economy is known as Fermat's principle. 

The structural design for photosynthetic organisms is 

highly efficient. Light-absorbing chlorophyll molecules in 

leaves are tightly packed into tiny organelles – chloroplasts 

– crammed into an arrangement where they come into fre-

quent contact. When excited by photonic energy, chlorophylls 

no longer act as individual cells, but in concert. 

Photosynthesis is a collaborative action. Multicellular co-

operation allows plants to absorb energy in a wide spectrum 

of light. In such a system, other light-absorbing pigment mol-

ecules, such as carotenoids, transfer energy efficiently. The 

individual electrons behave coherently, coordinating their 

movements as they jostle energy through the system. 

 Chlorophyll  

There are 5 known types of chlorophyll: a,b,c,d, and f. 

These vary slightly in chemical structure, and functionally 

by the spectral wavelengths of light that they absorb. Various 

cyanobacteria use different chlorophyll types; often a mix-

ture. 

Chlorophyll a is predominant, absorbing blue light, with 

a peak at 465 nm, and reddish light, with maximum absorp-

tion at 665 nm. Plants are green because chlorophyll a 

largely reflects green light.  

Chlorophylls b, c, and d are shifted somewhat in their 

peak absorption compared to a. Fewer plants have these chlo-

rophylls. Those that do often employ a mixture of chlorophyll 

types. 
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Chlorophyll d and f are found in cyanobacteria. d absorbs 

the most light at 697 nm. f is the most red-shifted, with max-

imal absorption is at 722 nm. There is no chlorophyll e. 

Chlorophyll, hemoglobin, and myoglobin molecules all 

have a similar chemical structure. Chemistry efficiencies re-

sult in repeated usage patterns in biology. 

Hemoglobin is the oxygen transport molecule in animal 

blood. Myoglobin is hemoglobin's muscle tissue equivalent. 

While the atom at the center of the chlorophyll molecular 

ring is magnesium, the globins use iron. 

 Chlorophyll's Color  

Green plants are not as efficient as they conceivably could 

be. In reflecting green wavelength light, and thus appearing 

green, chlorophyll seems to miss an opportunity: to absorb as 

much light as possible.  

If it did so, chlorophyll would be black; giving nothing up 

in reflection. Such efficiency would cast the natural world in 

an unseemly oppressiveness; vegetation as the death of light 

rather than its vibrantly verdant employer. As Nature wants 

to put on a vivid show, vegetation is verdurous. 

Unlike the cyanobacteria that evolved chlorophyll, ar-

chaea employed a different light-absorbing chemical: retinal, 

a form of vitamin A, bound to proteins called opsins. Opsins 

are the photoreceptors of animal vision, and most sensitive 

to the green portion of the light spectrum: a perfect receiving 

complement to chlorophyll's emission. 

Archaeal retinal is tucked into the protein bacteriorho-

dopsin, which appears purple, as it is most efficient in ab-

sorbing green light, peaking at 568 nm. Bacteriorhodopsin 

translates light energy to biochemical form via a proton 

pump: pushing a proton across a cellular membrane.  

Systemically, bacteriorhodopsin's efficiency is less than 

that of photosynthesis. The photochemical cycling time for 

retinal is slower. While photosynthesis ultimately pushes a 

proton, it happens later in the process.  

Retinal-based archaea may have dominated the waters of 

early Earth. Retinal has a simpler structure than chlorophyll 
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and would have been easier to produce in the low-oxygen en-

vironment of the eon.  

These flagellate archaea swim about, optimizing light ex-

posure: neither too bright nor dim. Bacteriorhodopsin acts as 

both as an energy source and a receptor. 

Bacteria trying to competitively sunbathe below archaeal 

mats managed by picking up on other wavelengths. Hence 

the evolution of more efficient chlorophyll, with absorption 

peaks outside retinal's optimal band. As it turned out, 2nd-

generation photon absorbers became dominant. 

The core machinery for photosynthesis is highly con-

served genetically, having been optimized over 3.5 billion 

years ago. Pigment and protein organization and interaction 

is the same in cyanobacteria and plants.  

The specific light-harvesting complexes in plants evolved 

later, shaped by adaptation to the ecological niche in which a 

particular plant lives. 

Evolution is not a start-from-scratch engineering exer-

cise. It instead involves ongoing adaptation based upon ex-

tant architectures and existing constraints. That both 

biochemical energy procurements from light – via retinal and 

chlorophyll – transpire with such efficiencies is an impressive 

statement of coherence in action, especially considering they 

evolved independently. 

 Water  

Water constitutes nearly 90% of the growing tissues of 

plants, and 5–15% of seeds. Managing water is a critical chal-

lenge. 

Water is the medium for plant biochemical reactions and 

transport. Water's peculiar properties, including polarity, 

solvency, and viscosity, largely determine how plants are 

structured, as well as their metabolic dynamics. 

Most biochemically important compounds are charged. 

Water polarity facilitates essential biochemical reactions, 

while its solvency tempers some reactions, such as the attrac-

tion of sodium (Na+) and chloride (Cl–). While it may seem 
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obvious that all cells take advantage of these water proper-

ties, the subtle attunement of life to the physics of chemistry 

remains a marvel. 

The nature of the hydrogen–oxygen bond accounts for the 

high tensile strength of water in plant capillaries and enables 

water to exist as a continuum in plants: through roots, stems, 

and leaves. Properly managed, water easily flows. 

Water's resistance to pressure makes it a useful hydro-

skeleton. Land plant leaves owe their rigidity to the water 

pressure inside them, which is commonly 3–10 atmospheres 

(0.3–1 MPa). This pressure is vital during cell expansion. 

Plant tissues move by carefully altering relative pressures 

within. 

Some water properties seem less useful. The rates at 

which oxygen and carbon dioxide diffuse in water are very 

low: 10,000 times slower than in air. This may have imposed 

a limit on the maximum thickness of leaves. To compensate, 

vascular plants evolved intercellular spaces in leaf tissue so 

that these gases need not diffuse in water by more than the 

length of a single cell. 

Water's relatively high viscosity creates considerable ten-

sion during transport, especially transpiration, when water 

is drawn through the fine capillaries of cellulose cells walls 

and xylem. But then, plant tissues are designed precisely to 

account for this level of viscosity and employ those specific 

properties to advantage. 

 Transport  

Land plants (embryophytes) evolved from aquatic plants, 

such as green algae. The earliest embryophytes were small 

and simple, with a limited nutrient distribution system. 

These are bryophytes: mosses, hornworts, and liverworts. 

Then came a great innovation: a tubular transport system 

to shuttle water and nutrients around. These are vascular 

plants (tracheophytes). A tubular distribution system af-

forded great versatility in plant morphology. 

The art of evolution is evidenced by traits that later find 

more sophisticated employment, and in species that show the 
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first steps to later developments. Some bryophytes have spe-

cialized tissues to transport water, but they lack lignin. Red 

alga, one of the oldest algae groups, has lignin. Tracheo-

phytes emerged by putting the 2 traits together. 

 Xylem & Phloem  

Long-distant transport sustains life in multicellular organisms. 
~ Japanese botanist Kaori Miyashima Furuta et al 

Animals transport nutrients between cells. In contrast, 

plant transport networks are through cells. 

Instead of generating specialized extracellular spaces, lined 
by cells, as in the case of blood vessels, plants have come up 
with a way to generate a transport route within the transport 
cells themselves. ~ Swiss botanist Niko Geldner 

There are 2 types of plant vascular tissue: xylem and 

phloem. The distribution processes of both are optimal, lim-

ited only by the constraints imposed by physics. 

Xylem is the major long-distance transport system, of wa-

ter and nutrients from roots toward the upper portions of a 

plant. Wood is the best-known xylem tissue. 

The explanation for easily defying gravity to effect the as-

cent of sap is termed the cohesion-transport theory, developed 

by several dozen scientists over the course of a century.  

The xylem vascular pathway has hydraulic continuity: in-

tegrated variations in requisite cellular (tissue) pressures 

throughout the plant, allowing instantaneous transmission 

as needed, based upon surface tensions at evaporating sur-

faces, which are ultimately dependent upon the tensile 

strength of water.  

In trees, xylem is next to the pith, while phloem is outside 

xylem, as the innermost layer of bark. Pith is the soft, spongy 

growth tissue inside a plant. 

Phloem carries nutrients made during photosynthesis 

(photosynthate), in a process termed translocation. Photosyn-

thesis-derived sugar travels from sugar sources to sugar sinks 

by means of a turgor pressure gradient: cellular osmotic flow. 

During growth, roots are sugar sources and a plant's 

many growing areas are sugar sinks. After the growth period, 

when meristems become dormant, leaves are sources, and 
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storage organs are sinks. Seed-bearing organs, such as fruit, 

are always sugar sinks.  

Unlike xylem's upward flow, phloem translocation is mul-

tidirectional.  

Another contrast comes in the state of cells involved. Xy-

lem consists primarily of dead cells. Phloem comprises a com-

plex of coordinated living cells. 

Phloem is formed by an interconnection of sieve element 

cells that stretch from the roots to tender leaflets. Sieve ele-

ments fortify their cell walls, get rid of their nucleus and most 

of their organelles, and generate a highly fluid cytosol that 

allows for flow rates of up to 110 µm/s. Cytosol is cytoplasmic 

fluid.  

Sieve elements depend upon companion cells to which 

they are intimately connected. Thus, phloem sieve element 

cells impair their own ability to maintain cellular metabo-

lism, but remain alive thanks to sustenance from their neigh-

bors, whose extensions they effectively become. 

Phloem differentiation challenges our basic concepts of cells 
as functional units and our definition of what constitutes a living 
cell. ~ Niko Geldner 

The distinction between deceased xylem and living 

phloem cells lies in the nature of distribution regulation. Xy-

lem water transport is mostly a matter of evaporative phys-

ics, whereas phloem translocation is an exquisite chemical 

process guided by physics. Whereas xylem water movement 

is driven by negative pressures (tension), phloem transloca-

tion operates via positive hydrostatic pressure: pressure ex-

erted by a fluid at equilibrium due to the force of gravity. 

Though the physics differ, functionally, the phloem and xy-

lem transport networks are selfsame in delivering nutrients 

when and where needed. 

 Size Limits  

The advantage to large leaves is greater area upon which 

sugar-producing photosynthesis might be performed. With 

their sturdy construction, massive angiosperm trees could 

easily hold large leaves.  
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But all tall trees have rather small leaves. While shrubs 

and short trees may have leaves anywhere from less than 2.5 

cm to well over a meter, the tallest trees all have leaves only 

10–20 cm long. 

Both the size of leaves and the height of trees owe to lim-

its imposed by fluid dynamics. On a tall tree, nutrient fluid 

flow would be too slow with leaves too small or large. 

There comes a point where the optimal limits on leaf size and 
tree height intersect, indicating the point at which it is no longer 
advantageous for the tree to become taller or produce larger 
leaves. ~ Polish botanist Maciej Zwieniecki 

Conifers have the tallest trees, notably the coast redwood, 

which may reach 115 meters high. The clustered needles of 

these trees differ depending upon how high up the tree they 

are.  

Exposed to more dry heat, treetop needles are tight spikes 

that conserve moisture by having little evaporative surface. 

In contrast, needles on lower branches have larger, flat nee-

dles that catch more light coming through the thick canopy. 

This is one instance of many where trees optimize their 

leaves to fit the situation. 

 Chemistry  
Plants use complex metabolic pathways to fend off patho-

gens, to coordinate reproduction with changes in day length, to 
accommodate environmental changes, and to select develop-
mental pathways most suited to a given place and time.  
~ American biologist Pamela Hines & American botanist Laura 
Zahn 

Plants are unsurpassed chemists. DNA, sugars, starches, 

proteins, and oils are all constructed on carbon backbones, 

bonded to form complex compounds. Unlike animals, which 

produce these substances autonomically, plants are con-

sciously involved. 

Metabolites are the products of plant metabolism. Metab-

olites are classified by perceived essentiality: primary and 

secondary.  
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Primary metabolites are the necessary chemical products 

for energy, construction, and reproduction. Without the req-

uisite materials to produce primary metabolites, a plant 

quickly dies. 

Secondary metabolites are specialty compounds, com-

monly concocted to defend against herbivory, from creatures 

large and small. Certain secondary metabolites are some-

what more constructive: carving exclusive territories under 

competitive conditions, by inhibiting germination and growth 

of other species, and creating conducive conditions for fa-

vored allies, notably microbes and pollinators. 

Unlike primary metabolites, secondary metabolites are 

not essential to a plant's immediate health. 

Plants do not produce all their metabolites in every cell. 

Tissue-specific factories synthesize many metabolites, espe-

cially secondary metabolites, as these are typically hazard-

ous materials.  

 Vacuoles  

Most mature plant cells have a central vacuole that 

houses the primary plumbing and several cell workshops. 

Vacuoles typically take 30% of a cell's volume and may oc-

cupy as much as 80% of the volume, depending upon cell type 

and condition.  

Cytoplasm strands commonly run through a vacuole. Gel-

like cytoplasm carries a cell's internal sub-structures.  

Vacuoles store sugars and host the secondary compounds 

that variously perform to plant needs as a matter of ecology. 

Vacuoles are a central setting for the metabolic show that 

plant cells put on. 

 Primary Metabolites  

Powering, patterning, and perpetuating are the 3 essen-

tial needs of all life: the energy to keep going, the materials 

that make and maintain an organism, and the ability to prop-

agate. They all come down to chemistry.  

Biology is a complex chemical dynamic with a vital sprin-

kle of life-energy (lengyre). That lesson is perhaps easiest and 
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most convincing to see in plants, as they possess such beauty 

and elegance in their chemical concoctions, and because of 

their essentiality to other multicellular life. 

 Carbohydrates  

Photosynthesis in plants leads to the accumulation of carbo-
hydrates (e.g., sugars, starch), upon which all terrestrial life de-
pends. ~ American botanist David Braun 

Carbohydrates all adhere to the chemical formula: 

Cm(H2O)n: carbon and water, where m and n differ. The term 

carbohydrate is a misnomer, as carbohydrates are not actu-

ally hydrates of carbon. 

Carbohydrates' different forms are all of fuel storage, 

from the simplest sugars: monosaccharides, which are easily 

digested, to complex starches: polysaccharides. Plant gums 

are a viscous polysaccharide.  

The m in monosaccharides runs from 3; in polysaccha-

rides, m is between 200 to 2,500. 

Glucose is a simple sugar, one of the main products of pho-

tosynthesis, the starter of cellular respiration, and a primary 

energy source. Glucose is a ubiquitous organic fuel, for bacte-

ria and humans alike.  

Via aerobic respiration, glucose is the human body's key 

source of energy. Starches break down into glucose, which is 

oxidized to eventuate into carbon dioxide and water as by-

products. ATP is the goal: carbon, hydrogen, oxygen, with a 

dash of nitrogen and phosphorus. 

Beside pure energy, several polysaccharides play im-

portant roles in the activation of animal immune systems.  

 Lipids  

Lipids are a broad group, affording various forms of en-

ergy storage, though with other important biological roles as 

well. Fats, waxes, sterols (e.g., cholesterol), and fat-soluble 

vitamins (A, D, E, K) are exemplary lipids.  

Lipids are used to make cell membranes, of both plants 

and animals. Lipids also play a vital role of cell signaling.  
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In a process termed lipogenesis, an oversupply of carbo-

hydrate are converted to triglycerides for energy storage. 

Conversely, these fatty acids are broken down for energy via 

beta oxidation: a similar, though not identical, reversal of li-

pogenesis. 

Plants stuff their seeds with carbs, lipids, and proteins 

before sending them on their way to make a life for them-

selves. They also pack in a beneficial microbiome, to make 

sure a seedling starts out among friends.  

For those that don't make it to sprouting, seeds provide a 

rich nutrient source for animals. 

 Amino Acids  
All life relies upon amino acids to render a vast array of 

proteins, which are the molecular actors of biological exist-

ence. Besides meeting the needs of development, growth, and 

reproduction, plants combine proteins with secondary metab-

olites for self-protection. 

For over 300 million years, plants have been the primary 

producers of ready-made proteins and amino acids for animal 

consumption. 

 Secondary Metabolites  

Plants are very sophisticated chemical factories; able to pro-
duce thousands of different compounds, each one presenting 
unique biological properties. ~ Swedish botanist Stefano Papa-
zian 

Though impressive works of molecular engineering, the 

fundamental cellular compounds common to all green plants 

– DNA, chlorophyll, and cellulose – are relatively simple. In 

contrast, plants' molecular wizardry is dazzlingly demon-

strated by their secondary compounds, which are strikingly 

sophisticated. Over 80% of the organic compounds in Nature 

come from plants. Plants produce over 200,000 distinct chem-

ical structures. 

Secondary metabolites are specialties, produced for de-

fensive purposes, concocted by adding specific elements to 
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carbon rings. These metabolites illustrate a plant's evolution-

ary lineage. 

Plants evolved a vast diversity of defensive metabolites. 

This diversification aimed at novelty – to develop a compound 

to which an herbivore had not adapted to digest, thus putting 

the predator off. Plant preference for secondary metabolite 

production has been a factor affecting floral speciation. 

Tannins become bitter via highly reactive hydrogen and 

oxygen. Terpenes too, in a more complex set of carbon rings.  

Alkaloids nestle nitrogen. Sulfur succors mustard oils, 

and infuses the defenses of onions and garlic. Glycosides are 

a sugar, with a toxic sprig attached. 

Producing secondary metabolites come at a cost to the 

plants that produce them. It takes energy and raw materials 

to construct these organic molecules, as well as investment 

in complex biochemical pathways.  

Plants alter production and storage of secondary metabo-

lites as needed. Individual plant organs modulate their em-

ployment of compounds and communicate their status and 

anticipated material requirements to those plant parts which 

produce or secure resources. Plants learn from experience 

and better strategically regulate metabolite production.  

 Flavonoids  
Judge a tree from its fruit, not from its leaves. ~ 5th century 

BCE Greek playwright Euripides 

UV radiation can mutate DNA. Early on, as a protective 

shield, plants fabricated flavonoid pigments which reflect 

UV. 

Flavonoids were later put to a variety of uses. Their di-

verse employment owes to versatility via structural simplic-

ity: 2 6-carbon rings connected by a 3-carbon ring.  

Plants attune the chemical composition and arrangement 

of flavonoids for graphic employment. Slight changes in one 

flavonoid group provides the reds, violets, and blues in flower 

petals. Flower patterns drawn by flavonoids act as billboards 

to pollinators. 
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Flavonoids are water-soluble and color-sensitive to acid-

ity, so one molecular structure can display a range of colors 

depending upon the acidity of the cell vacuole where a flavo-

noid is housed. Plants comprehend the colorful implications 

of certain molecules in specific settings. 

Flavonols, a flavonoid group, are white to translucent 

compounds, common in leaves, stems, roots, flowers, and 

fruits. Converted to anthocyanins, they reflect UV while 

turning leaves to autumnal colors.  

Red leaves may act as camouflage from herbivores, al-

most all of which have dichromatic vision, and so cannot 

clearly distinguish red. Or, to a dichromat, the leaves may 

appear a somewhat distinct yellow, and so instead signal an 

unpalatable choice, as anthocyanin synthesis often coincides 

with production of phenols, an acidic molecule like alcohol. 

 Tannins  

Tannins are another ubiquitous secondary metabolite. 

This bitter, astringent compound can drastically limit a 

plant's potential as a nutritional source. It has even been sug-

gested that the extinction of dinosaurs was hastened by tan-

nin poisoning.  

Tannins are yellow or brown. They commonly accumulate 

in the bark of trees. Tannins also play a role in taking care of 

offspring. 

As summer turns to autumn and the nights grow crisp, 

trees economize, sucking chlorophyll from their leaves for 

sustenance and substituting tannin, an antimicrobial agent. 

The leaves turn from green to yellow, and then, filled with 

Sun-activated tannin, turn a bright red before dropping to 

the ground around the tree.  

The fallen leaves of autumn create a carpet of protection. 

When seeds fall from the tree, a tree's seedling offspring have 

a better chance of survival, the ground being sown so that the 

tree's precious progeny have less chance of being eaten by 

bacteria and fungus. 

Mice and deer sometimes die from eating acorns, which 

are typically high in tannin, though the concentration varies. 

Red oak acorns have 2 to 4 times the tannin of white oak 



 Plants 323 

acorns. Some animals, including certain woodpeckers, squir-

rels, and mule deer, evolved a high tolerance to tannins with-

out ill effects. 

Animals reject food plants with a concentrate of tannin 

because of the bitter taste, but also because ingestion brings 

a biochemical kick. If an animal eats tannin-laden leaves, the 

tannin interferes with metabolism by binding to digestive en-

zymes, and to otherwise edible proteins in plant tissues. Be-

cause tannins are metal ion chelators, they inhibit the 

absorption of minerals such as iron. 

Long-term exposure to tannin compounds present a can-

cer risk. In Hunan, a province of China, black teas high in 

tannin are a traditional beverage. Cancer of the esophagus 

there is relatively frequent. Woodworkers and leather work-

ers, where tannin is used as a softener, are prone to nasal 

and sinus malignancies. 

Tannins provide protection to a plant at considerable cost 

in energy and resource expenditure. Up to 30% of the dry 

weight of an otherwise eminently succulent maple leaf com-

prises tannin molecules, making it indigestible to herbivores. 

 Terpenes  

The pine stays green in winter... wisdom in hardship. ~ prov-
erb 

The pungent scent of pine and spruce is of terpene: a hy-

drogen-carbon compound, made by a process so complicated 

that its complete synthesis has eluded chemists. The term 

terpene is derived from the turpentines which are distilled 

from conifer resin. 

Terpene is colloquially called an essential oil; essential in 

its carrying a distinctive scent, or essence, of the plant from 

which it is derived. Essential oils do not constitute any dis-

tinction for any purpose, whether medical or culinary. The 

term has fallen out of use by evidence-based researchers for 

its lack of specificity; as if essence did not exist. 
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 Conifers  

Conifers are cone-bearing trees, with a few shrubs among 

the 630 extant species. Cedars, cypresses, firs, hemlocks, ju-

nipers, kauris, larches, pines, redwoods, spruces, and yews 

are conifers.  

Conifers are the dominant plants in the forests where 

they reside. The conifer lineage extends at least 300 million 

years. 

Boreal conifers are adapted for winter conditions. Their 

narrow conical shape and drooping limbs readily shed snow, 

thus relieving them of an otherwise heavy burden. Many co-

nifers harden for winter by altering their biochemistry to re-

sist freezing. 

The tropical rainforests have more biodiversity and turn-

over of species than boreal forests, and so are celebrated by 

naturalists as exemplifying Nature's dynamic beauty. But 

the extensive conifer forests of the world represent the larg-

est terrestrial carbon sink: binding carbon as organic com-

pounds. Thus, conifers' part in the planetary carbon cycle 

confers immense ecological importance. Conifer wood 

(termed softwood) also has great economic value for wood and 

paper production. 

The sap that runs through the wood and needles of coni-

fers are the first line of defense from animal attack. These 

terpenes are strong organic pesticides. 

 

Trees are not the only ones packing terpene pesticide. Na-

sutitermitinae termite soldiers synthesize terpene and shoot 

it at enemy insects using a fontanellar gun: a built-in squirt 

gun triggered by contracting mandibular muscles, which 

shoots several centimeters. Termites are accurate shooters 

even though they are blind. 

Egyptian mummies were preserved using pine and fir 

resins: spread in body cavities as well massaged all over the 

body, including the eyeballs. The proof of their efficacy 

against insects is in the remarkable state of corpses thou-

sands of years old. 
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There are numerous terpenes produced by various par-

ties, though plants were terpene pioneers. The aroma and fla-

vor of hops, happily employed in beer, come from terpenes. 

Vitamin A is a terpene.  

Steroids are derivatives of squalene, a terpene commer-

cially derived from shark liver oil as well as vegetable oils. 

All plants and animals, humans included, produce squalene. 

Different terpenes are employed as insect repellents and 

mate attractors. Perfumes are concocted from essential oils 

that come from trees, fruits, and flowering plants. The scent 

of numerous essential oils are mood lifters. 

Terpenes have many medicinal uses: treating sore 

throats, digestive difficulties, wounds, and cancer. Essential 

oils are essential in folk and alternative medicine, especially 

aromatherapy. Many are antiseptic. 

Essential oils have long made the scene of psychotropic 

recreation. The terpene tetrahydrocannabinol (THC), found 

in hemp, is the psychoactive ingredient of cannabis. 

Other mind-addling plant products come as alkaloids. 

 Alkaloids  

Opium teaches only one thing, which is that aside from phys-
ical suffering, there is nothing real. ~ French novelist André 
Malraux 

The bitter taste of many plants owes to their alkaloids: 

compounds comprising carbon rings laced with nitrogen, 

with a hydrogen kicker. Other elements appear in the alka-

loid act, including oxygen and sulfur, with cameos by bro-

mine, chlorine, and phosphorus. 

Swiss chemist Carl Meissner coined the term alkaloid in 

1819; a term derived from its place on the pH scale. Alkaloids 

are typically alkaline. 

There is no clear chemical boundary between alkaloids 

and other nitrogen-containing organic compounds. The des-

ignated group has held together merely by convention. 

Like terpenes, alkaloids are a chemically diverse group of 

compounds. They originate in plant cells from amino acids. 

Bacteria, fungi, and animals are also alkaloid producers. 
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Only 20% of angiosperms synthesize alkaloids. More than 

10,000 different plant alkaloids have been identified. Many 

plant species synthesize several. The opium poppy produces 

certain alkaloids popular since antiquity: morphine, codeine, 

and 24 more.  

19th-century German pharmacist Friedrich Sertürner 

first isolated morphine from opium; the first alkaloid to be 

isolated from any plant. He aptly named it after the Greek 

god of dreams, Morpheus. 

The supply of nitrogen to a plant is always limiting, even 

in plants that can fix their own, such as legumes. As such, 

alkaloids are always produced in very limited quantities: as 

little as 10% of comparable phenol production (e.g., flavo-

noids and tannins). Such low concentration is compensated 

by potency. 

Rather than mere deterrents to animal grazing, as ter-

penes typically are, alkaloids are serious: toxins that can 

gravely damage or poison their consumers. Physiological re-

sponses range from the jittery alertness of caffeine to muscle 

paralysis and death by the coniine in hemlock.  

Ancient Greek philosopher Socrates was put to death by 

drinking a brew of hemlock. His offense was corrupting the 

minds of youth in his native Athens by insistently refuting 

the popular creed that "might makes right," among other her-

esies, and of the impiety in not believing in the gods of the 

state. 

Affection for mind-altering alkaloids is legion for humans, 

but decidedly bad news for other animals that cannot afford 

psychedelic recreation. The dramatic disorientation of hallu-

cinogens can be deadly to creatures that constantly rely on 

their senses to survive: to avoid predation, falling, and other 

natural hazards. 

 Glycosides  

Glycoside molecules are a sugar bonded to a non-sugar 

moiety. The moiety is the business end of a glycoside: fre-

quently toxic, designed to be disruptive to attackers of the 

plant producing the glycoside. During glycosylation, a sugar 
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is added to the moiety so that the toxins will not harm the 

plant itself. 

Glycosides are activated by breaking the moiety off from 

the sugar via enzyme hydrolysis: an enzyme breaks down the 

polymer by adding water (hydrolysis). A glycoside may be ac-

tivated when a plant part is damaged. Herbivores release the 

moiety toxin in their guts when digestive enzymes (glyco-

sidases) cleave off the sugar. 

The rose family has 2,830 species, including herbs, 

shrubs, and trees. Besides beautiful flowers, there are also 

many edible fruits in the family: apples, apricots, cherries, 

peaches, pears, plums, and strawberries, as well as almonds. 

The thorns on rose bushes are one thing. But a deeper 

danger lurks inside many rose family members. Whenever 

plant tissue is crushed or damaged, a glycoside is activated 

that creates a cyanide compound: hydrocyanic acid (HCN).  

The familiar scent and taste of bitter almonds comes from 

amygdalin, a glycoside which disrupts the metabolic activity 

in the mitochondria of cells when digested. The cells can no 

longer use oxygen and quickly expire.  

Cyanide poisoning in humans, and probably other ani-

mals, causes dizziness, nausea, vomiting, collapse, and res-

piratory failure. 

The extract of bitter almonds has been used as a remedy 

for thousands of years: within the pharmacology of ancient 

Egyptians, Chinese, and Pueblo Indians as a purgative.  

In the 1830s, HCN was extracted in purified form, at 

which time it was labeled amygdalin. Since the early 1950s, 

modified amygdalin has been marketed as a cancer cure un-

der the name laetrile.  

Cyanide poisoning is indiscriminate. Like a rose by any 

other name, amygdalin/laetrile has no specific effectiveness 

against tumors.  

However hoary its application, amygdalin never had le-

gitimate standing as medicinal. Substances with a bitter 

taste are almost always a warning of indigestibility. 

In contrast, some of the glycosides known as saponins 

possess medicinal potential. The first known saponin came 

from soapwort. Early American settlers from Europe brought 
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the seeds of soapwort to grow and use as a soap, and as an 

effective folk remedy for skin ailments. 

Some saponins are antibiotics, having been designed by 

plants to protect their roots from soil fungi. Other saponins 

inhibit the growth of human cancers. 

An animal will instantly decide on another food source 

when faced with a mouthful of alkaloid-laced leaf. This time-

worn strategy works well.  

Inscrutably, some plant species have mastered a most in-

timate understanding of their predators. Chemical deter-

rents that alter the life cycle put a profound hex on an 

herbivore, and so are more controlling, because their legacy 

affects future generations. This limits predator population 

over a considerable expanse of time. 

Plants produce molecules that mimic the hormones which 

control animal reproduction and development. They package 

these poisonous parcels in precise places where a threat may 

arise: leaves, stems, and/or roots. 

Insects follow 1 of 2 development plans: upsizing or 

stages. Primitive insects grow by shedding their exoskeleton, 

replacing it with a new one of slightly larger size.  

A more sophisticated development path transitions an in-

sect through distinct stages: egg to larva, pupa, and culmi-

nating in a sexually mature adult. A butterfly 

metamorphizes to an adult by a debut as a caterpillar that 

heads into a cocoon stage to develop as a pupa. 

Having learned the key to both insect development plans, 

plants produce – as part of a glycoside – a mimic of the spe-

cific hormones necessary to deter development. Balsam fir 

produces a glycoside that keep young insects in a juvenile 

state, unable to reproduce.  

Some plants produce precocenes: compounds that inhibit 

juvenile hormone biosynthesis. Certain precocenes can accel-

erate development and metamorphosis, causing small, de-

formed adult insects that cannot function. Other precocenes 

induce sterility in some insects, or dupe an insect into dia-

pause, a form of dormancy. This induced diapause effectively 

shutters insect development by lowering metabolic rate.  
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Many plants produce steroids that are more potent than 

the hormones that the insects themselves synthesize. The bu-

gleweed is often the last remaining plant after locusts swarm 

over large swaths of Kenyan savanna. That's because the bu-

gleweed produces a hormone that produces developmental 

defects that deal death to the offspring of an insect that dares 

eat it. Ravenous locusts know better than to chow down on 

bugleweed. 

Steroid-based glycosides from Mexican yams work as oral 

contraceptives in humans: stimulating hormone levels so 

that ovulation and fertilization are precluded. Various plants 

ply this trick. Australian sheep become infertile if they graze 

on wildflowers that synthesize hormones that mimic estro-

gen.  

In the western United States, vole populations plummet 

during late summer and fall as they graze on grasses that 

synthesize sizeable quantities of phytoestrogens at the end of 

the growing season. The phytoestrogens retard vole repro-

duction, right at the time when the mountain grasses are 

coming out with a new crop of seeds that need protection from 

voracious voles. 

By their effects, glycosides reveal a deep understanding 

by plants of the functional physiology of animals. Various gly-

cosides affect the beating of the heart, creating cardiac con-

niptions. 

Soybeans and other legumes produce phytoestrogens. 

These are not as potent as animal estrogens or plant steroids. 

That's because they are 3-ring flavonoids rather than 4-ring 

steroids.  

These phytoestrogens may have been an effective deter-

rent to herbivores at one time, but evolution has provided an 

edge to the consumers. For humans who regularly consume 

these fruits, these compounds help lower rates of osteoporosis 

and certain cancers. 

 Mechanics  

Plants are as adept with molecular engineering for struc-

tural attributes as they are for chemical effects. Depending 

upon what cell walls are made of, and how their layers are 
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arranged, plant tissue can be flimsy or sturdy, a growing tip 

or a solid wall of protection. 

Cell walls are secreted by the living protoplast of a plant 

cell, outside the membrane that encloses the protoplast. A 

cell wall has distinct layers, sequentially secreted, with the 

oldest layer furthest out, and the youngest layer neighboring 

the plasma membrane. 

 Materials  

There are 4 main materials for plant cell walls: cellulose, 

hemicellulose, lignin, and pectin. Plants employ them 

adeptly. 

Cellulose is the main structural fiber in plants, and in 

many algae. 1/3rd of plant matter is cellulose. Some bacteria 

secrete cellulose to form biofilms. 

Hemicellulose is quite a contrast. While cellulose is crys-

talline, strong, and resistant to hydrolysis, hemicellulose has 

an amorphous structure, with little strength: 40 times 

weaker than cellulose, and 60 times less stiff. Hemicellulose 

is readily hydrolyzed. 

Lignin is a complex polymer, used to fill the spaces in cell 

walls, notably xylem, as well as ground tissue (parenchyma 

cells). Lignin and hemicellulose have similar strength and 

stiffness properties. 

Lignin plays a critical role in conducting water in plant 

stems, as it is hydrophobic. Its water-repellent property al-

lows vascular tissue to transport water efficiently, especially 

considering that the polysaccharide components of cell walls 

– cellulose, hemicellulose, and pectin – are highly hydro-

philic. 

Lignin is significant in the carbon cycle, as it sequesters 

atmospheric carbon into vegetative tissue, and is one of the 

slowest plant materials to decompose. Hence lignin is a major 

part of humus: plant matter that will naturally decay no fur-

ther, and may remain as is for centuries, if not millennia. 

Humus considerably improves soil structure by contributing 

to moisture and nutrient retention. 

Pectin helps bind cells together and allows cell wall ex-

tension. Thus, pectin is instrumental in plant growth. Pectin 
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is found in the cell walls of soft, non-woody tissue, such as 

fruit. 

 Cell Growth  

In nutrient-rich conditions, plants synthesize many proteins 
and lipids to divide and grow quickly. Under nutrient-low con-
ditions, they stop this synthesis and elongate their bodies to di-
gest unnecessary organelles. ~ Japanese botanist Kiminori 
Toyooka 

The cell walls of plants are comprised of cellulose fibers 

reinforcing a matrix of hemicellulose, along with lignin or 

pectin in one or more layers, with the relative volume and 

orientation of the cellulose fibers varying in each layer.  

As a cell grows, the primary cell wall layer is secreted 

first, comprising cellulose fibers in a matrix of hemicellulose 

and pectin. Hemicellulose binds to the surface of the cellulose 

microfibrils, while pectin cross-links the hemicellulose of ad-

jacent microfibrils. 

During cell growth, enzymes keep the cell wall pliable. 

Organelles within a cell proliferate and move about to meet 

processing demands.  

Once growth is complete, cell wall stiffness and strength 

typically increase. The number and size of organelles de-

crease. 

In some plant materials, notably wood and palms, addi-

tional secondary layers are deposited, comprising cellulose fi-

bers in a matrix of hemicellulose and lignin. Cellulose fibers 

are typically oriented at different angles in each secondary 

layer.  

Layers may differ in thickness. Plants expertly architect 

cell walls at the molecular level on up for specific application. 

Substituting lignin for pectin in secondary layers 

strengthens and stiffens the cell wall. In mature cells, such 

as xylem, the protoplast dies, leaving the cell walls to provide 

mechanical support, while the lumen (empty space) allows 

water and liquefied nutrient transport. With age, the middle 

cell wall layers and primary cell wall may become lignified.  
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 Properties  

Strength and pliability/stiffness come from an intricate 

combination of cellular microstructures: cell wall material 

composition, the spatial dimensions of the cell wall, the num-

ber of cell wall layers, cell density distribution, and the ar-

rangement of cellulose fibers in the layers. Fibrils of cells are 

precisely arranged on a layered basis to achieve the desired 

properties, which can vary widely. 

 Parenchyma  

Parenchyma is the most common and versatile ground 

tissue in plants, found in almost all major parts of higher 

plants. Parenchyma has thin and flexible cell walls, with only 

a primary layer, comprised of riotously arranged cellulose fi-

bers reinforcing a matrix of hemicellulose, pectin, and glyco-

proteins. Parenchyma cells have no lignin.  

When first produced, parenchyma cells are spherical. But 

when packed together, their arrangement becomes polygo-

nal, commonly with 14 sides. 

Mature parenchyma cells can divide long after being pro-

duced by meristem. When a cutting (stem segment) is in-

duced to grow, it is the parenchyma cells that begin dividing 

and give rise to new roots. When a plant is wounded, the abil-

ity of mature parenchyma to multiply is particularly im-

portant to tissue repair. 

Parenchyma tend to have large vacuoles, which store var-

ious secretions, including grains of starch, oils, and second-

ary metabolites.  

Cells which contain chloroplasts, such as leaves, are col-

lectively termed chlorenchyma tissue. Chlorenchyma primar-

ily performs photosynthesis, whereas other parenchyma 

mostly store food and water. 

A transfer cell is a parenchyma cell that is stretched so 

that the surface area of the plasma membrane is greatly in-

creased. Transfer cells deliver nectar in flowers. In carnivo-

rous plants, they transfer dissolved matter between cells. 

Parenchyma cells can have a long life. For instance, cacti 

cells may live over a century. 
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The parenchyma tissues that comprise fruits and vegeta-

bles are the least stiff, and at the low end of tensile strength. 

In contrast, the wood of desert palms is made of cells that are 

1,000 times as strong and 100,000 times stiffer. 

Wood cells are organized in a honeycomb pattern. Cell 

walls comprise a large portion of the cell; hence wood's stiff-

ness and strength. 

Woody trees grow in diameter over time. In contrast, 

palm trees, such as coconut trees, maintain a diameter 

throughout life.  

As a palm stem grows in height, the thickness of cell walls 

increases to support the extra weight. Cell walls are thickest 

at the base and periphery of stems, where bending stresses 

are the greatest. 

 Flowering Plants  

If we could see the miracle of a single flower clearly, our 
whole life would change. ~ Buddha 

Flowering plants selectively transport macromolecular 

traffic, such as proteins and RNA, between cells through 

tight, regulated channels called plasmodesmata. Plasmodes-

mata channels are so narrow that proteins, with an assist 

from transporter molecules, unfold for passage through a 

channel, then fold back up at the destination cell.  

Within a meristem, functional components are especially 

steered to specific destinations to orchestrate stem cell divi-

sion and specialized tissue development. Plants move regu-

latory bits from cell to cell, often over long distances, to 

control various activities, including growth and flowering. 

Florigen is a signaling molecule that initiates flowering. 

Prompted by environmental stimulus, leaves produce flori-

gen. Florigen moves into the phloem stream, then travels up 

the stem to the vegetative apex, where it reprograms the 

growing tip (shoot apical meristem) to produce flowers rather 

than leaves. 

The communication network of a plant is vast, and the 

informational and regulatory molecules diverse. Transport is 
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highly regulated, and destination specific. Responses to 

changing environmental conditions, such as the flow of flori-

gen, are an intricate orchestration. 

 Pollination  

Will the wind ever remember? ~ American musician Jimi 
Hendrix in the song "The Wind Cries Mary" (1967) 

In most places, the wind is an unreliable partner. Ani-

mals may be more dependable. But enticing animals willing 

to work for wages requires advertising.  

However free the breeze, plants had been long used to 

producing compounds and altering their forms to deal with 

animals, particularly putting off herbivores. Putting energy 

into attracting animals to aid a plant's prolific propagation 

seemed a fair exchange. 

Pollination systems reflect a biological market. Potential 

pollinators may choose their visits based upon advertised al-

lures and rewards. 

Plants are careful to honestly advertise their rewards; 

which is why they signal that a pollination visit has recently 

occurred, and so landing upon a certain flower is not worth-

while in the moment, as the flower is being restocked. Be-

cause attracting pollinators is a competitive exercise, floral 

deceivers that rely upon pollination do not exist, as plants 

understand the social dynamic involved. 

Insects are the most common pollinators. Angiosperm-in-

sect coevolution occurred among many species of both plants 

and animals.  

Having suffered their herbivory, plants already knew in-

sects intimately, so coopting them was not so difficult. Polli-

nating bees evolved from wasps during the rapid 

diversification of flowering plants during the early Creta-

ceous.  

Such luring was a trick learned much earlier. Primitive 

mosses emit smells that attract tiny arthropods – springtails 

– that inadvertently pick up sperm and cart it to another 

moss.  
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At one time, pollen itself was an attractive enough food. 

But then other plants did the same, demonstrating the limit 

of pollen packing as the only ploy to attract pollinators. 

Competition being what it is, signage became more fla-

grant and fragrant. Flowers began to ostentatiously adver-

tise: by their shapes, patterns, colors, and scents. This 

explains the enormous diversity in the florid displays that 

angiosperms put on to bewitch pollinators. 

Nectar was a logical next step: a sweet treat to attract 

bees on the beat. Soon, thanks to a competitive market, some-

thing more than sheer sugar-water was needed to keep polli-

nators coming back. Remembering floral traits is difficult 

when flickering from flower to flower at a fast pace. A 

memory aid would help an angiosperm's cause. 

Many plants produce alkaloids to ward off herbivores by 

their bitter taste and psychoactive effects. Caffeine and nico-

tine are exemplary. 

Caffeine evolved independently in tea, coffee, and cocoa 

plants; put in leaves or seeds to discourage herbivory. But 

carefully applied, caffeine has a power beyond dissuasion. 

Some flowering plants, including coffee and citrus, lace 

their nectar with caffeine. The bitterness should be off-put-

ting, but just enough is added by plants to have the intended 

effect while preserving good taste. 

Caffeinated nectar provides a tremendous memory boost 

to a visiting pollinating insect. A little caffeine buzz has a bee 

remember a specific sweet spot by its floral scent for days. By 

enhancing a pollinator's memory, plants reap reproductive 

benefits through pollinator fidelity. 

The effect of caffeine is akin to drugging, where bees are 
tricked into valuing the forage as a higher quality than it really 
is. ~ Swiss ethologist Roger Schürch 

Plants further help their pollinators by putting in metab-

olites which prevent parasites and pathogens. Plants take 

prodigious care of those who take care of them, even if inad-

vertently. 

Competition for pollinator attention cannot be under-

stated. Many bees collect honeydew produced by scale insects 

found on shrubs. Though relatively unadvertised, the wafting 
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scent of sugar, and social cues from other foraging bees, is 

enough to attract insects with a taste for sweets.  

Plants made the acquaintance of birds as both benefactor 

– by eating plant pests – and as seed stealers. Induced by 

florid flowers and fruits, birds got into the pollination busi-

ness.  

For fruit eaters, plants have a follow-on trick for quick 

seed dispersal: adding a laxative well-suited to its consum-

ers. For plants, sugars are easy to produce. But let's not have 

potential offspring sit in the guts of nasty animals, where fer-

mentation might doom the next generation; hence the laxa-

tive in fruit.  

The best way to profit is to secure a monopoly. For plant 

pollination, this involves picking a species that you can count 

on and courting it until it goes to no other. Or, at least, mak-

ing yourself a favorite. 

Bee-pollinated flowers are designed specifically to attract 

bees: yellow, blue, and violet colors, as well as ultraviolet pat-

terns that only bees can see. Bee flowers typically offer a 

landing platform, with petals that form a tube specifically 

configured to allow nectar access only to insects with special-

ized mouth parts. 

Pollination is not the only benefit that bees bring to 

plants. The buzz of bees about flowers discourages caterpil-

lars, who fear the sound may be a predatory wasp.  

Beetle-pollinated flower plants tend to have an open 

structure, with short mouth parts that beetles can readily ac-

cess. Some have specialized food structures, such as clusters 

of cells with a flower that a beetle can eat. 

Fly and beetle-pollinated flowers are often strongly 

scented, smelling of other fare preferred by these insects, 

such as dung and rotting meat. Orchids are common cultiva-

tors of stink-loving pollinators. The blunt-leaved orchid de-

pends exclusively on mosquitoes for pollination. This orchid 

attracts its clientele by smelling like human body odor. 

One benefit of a select pollinator clientele, besides a reli-

able relationship, is a steady transfer of pollen between flow-

ers of the same species. It's no good to give up pollen that has 

little chance of landing on a potential mate. Insect pollinators 
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such as bees and butterflies do engage in flower constancy: 

transferring pollen to other conspecific plants. 

This pollination specialization can be taken to extremes. 

Some plants have exclusive pollinators: a single-species sym-

biosis. Fig plants are absolutely dependent upon pollination 

by minute fig wasps.  

The purple-throated carib hummingbird is the sole polli-

nator of 2 Heliconia species. Each hummingbird sex feeds at 

the flower species that matches the size of its bill. Sexual di-

morphism met coevolution between plant and animal. Heli-

conia speciated to meet the specific needs of just 1 gender of 

hummingbird. Meanwhile, female and male hummingbirds 

adapted to a certain flower. 

Plants are judicious retail mavens in their pollination 

practices: giving up only enough to keep the pollinators com-

ing back and restocking at a speed expected to keep up with 

demand. 

Biotic pollination is a tremendous benefit to plants widely 

distributed in small populations. Without it, populations 

would likely perish. With animal-aided pollination, plants 

can succeed in places which would otherwise be perilous. 

Old-school angiosperms that depend upon wind pollina-

tion, now only 10% of flowering plants, run some risk from an 

unreliable ally, but need not bother with sizzling signage, 

and so can conserve their resources by not resorting to con-

sorting with animals.  

As in all things, there are always tradeoffs. Plants have a 

long history of unsurpassed adaptability, coupled to chemical 

proficiency and genetic manipulation savvy, that has let 

them make intelligent choices well beyond the reach of other 

macrobial life. Microbes have comparable sophistications in 

these realms, but scale presents unique challenges.  

Plants can precisely tune their gene expressions to get the 

desired flower shapes, colors, patterns, and scents, as well as 

producing specific secondary metabolites that serve specific 

needs. How it is that plants understand their target audi-

ence's nervous and digestive systems is outside the realm of 

empirical investigation, as Nature is an exposition involving 

sources unobservable. 
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In plants, somatic stem cells give rise to male and female 
germ cell lineages that only differentiate late in development. In 
flowering plants, this occurs after formation of the floral organs, 
in which separate meiosis give rise to haploid unicellular male 
and female gametophytes – the microspores and megaspores – 
which undergo distinct germline developmental programs to 
form the gametes. The male germline is segregated in the game-
tophyte by asymmetric division of the microspore to form the 
generative (germ) cell, which rapidly establishes a distinct de-
velopmental program. This male germ cell then completes a mi-
totic division and differentiates to form the 2 sperm cells 
required for double fertilization. In contrast, the female 
germline is only segregated after 3 rounds of nuclear division 
followed by cellularization of the embryo sac. ~ English bota-
nist Michael Borg et al 

 Seed Production  

To see things in the seed, that is genius. ~ Chinese philoso-
pher Lao Tzu 

Plant seeds are a biological system that harkens back to 

a microbe talent: dormancy. Seeds withstand harsh environ-

mental conditions for extended periods by greatly reducing 

their metabolism. 

Lack of water is common problem facing germination, so 

seeds are parsimonious: the water content of maturing seeds 

is less than 10%. To protect genetic material from dehydra-

tion, a seed's chromatin compacts and the nuclei of seed cells 

contract when seeds start to mature.  

In gymnosperms, a seed contains a fertilized embryo and 

tissue from the mother plant, which, in coniferous plants, 

forms a protective cone. 

Angiosperm seed production took a major step forward by 

providing endosperm: food for a germinating embryo until its 

roots can be established. This is accomplished via a uniquely 

intricate process called double fertilization: a single pollen 

grain with twin sperm are delivered by a pollen tube to an 

ovule inside a pistil. While one sperm fuses with the egg to 

generate a zygote, the other merges with the central cell to 

produce the endosperm. 
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Double fertilization requires a perfect union between a 

single ovule and a single pollen tube. Other pollen tubes wait 

to see if the current candidate is successful. If not, they have 

their go at the ovule until the deed is done. 

Immediately following the moment of gamete fusion – 

when the 2 sperm cells from a pollen tube unite with the 2 

female gametes in the ovule – all other pollen tubes are re-

pelled and redirected toward unfertilized ovules. 

As soon as the fusion is successful, a mechanism is triggered 
that tells all the other pollen tubes to go away. ~ American cy-
tologist Mark Johnson 

No physical, electrical, or chemical change communicates 

consummation: fertilization status is conveyed energetically. 

It is an essential communiqué. 

This mechanism prevents the delivery of more than 1 pair of 
sperm to an ovule, provides a means of salvaging fertilization in 
ovules that have received defective sperm, and ensures maxi-
mum reproductive success by distributing pollen tubes to all ov-
ules. ~ American cytologist Kristin Beale 

Right after fertilization, the zygote is mostly inactive. The 

endosperm undergoes a spurt of development then goes into 

stasis. Then the seed is covered with a coat from maternal 

tissue. 

When a seed begins to sprout, the endosperm sacrifices 

itself by feeding the embryo; but sometimes it holds back. 

Though extremely rare, the embryo and endosperm can be 

fertilized by sperm from different plants (heterofertilization). 

An endosperm that does not share the same father as the em-

bryo does not fork over as much food. It is less altruistic. 

Heterofertilization demonstrates the importance of moth-

erly attention in ensuring proper seed development. As pa-

ternal interference can be counterproductive, the maternal 

genome takes control of the critical epigenetic regulators for 

seed development. This is not the only way that vegetative 

mothers look after their offspring. 



340 Spokes 2: The Web of Life  

 Maternal Care  

Mother plants may care for their seeds by guiding them 

about the best time to sprout. Rockcress mothers give their 

seeds their own memories of recent seasonal temperatures.  

Rockcress in warmer climates produce seeds that sprout 

more quickly than those in cooler climes, even if the warmth 

occurred only weeks before mothers make the seeds. 

To control their seeds, rockcress regulate the tannin in 

their fruit. Tannin determines how strong seed casings are. 

A higher tannin level makes a shell harder to break through, 

delaying germination. 

The mother defines how hard the seed coat is to break free 
from, and in this way it's controlling what the seed does.  
~ English geneticist Steven Penfield 

 Establishment  

Plants face considerable obstacles establishing them-

selves on new land. And it is tough for a plant to germinate 

in a community already heavily populated with other plants. 

Resident vegetation does not welcome strangers. 

Disturbed soil facilitates germination. A seed lies fallow 

on hard ground. Seeds with greater mass do better under 

competitive conditions. Fast growth helps, at least at first. 

Once a population has taken root, soil disturbance and 

standing biomass have little effect on the number of individ-

uals in a species community. The main factor early on in in-

creasing population size is propagule pressure: the number of 

seeds sown. 

As the years pass, fecundity matter less. A plant commu-

nity's prospects increasingly depend upon surviving herbi-

vore onslaught. 

Over time, perennial plants fare better than nonperen-

nial ones. Native species naturally have an edge over aliens; 

an advantage that increases as years go by. 

 Adaptabilities  
Plants are acutely aware of their environment. ~ American 

botanist Daniel Chamovitz 
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Plants have persisted, relatively constant, across extinc-

tion events that radically altered the mix of animal life. When 

climactic events affected plant populations, they were always 

quick to make a comeback. 

The reason is that plants have basic needs: some sunlight, 

water, carbon dioxide, nitrogen, magnesium, phosphorous, 

potassium, and a few trace elements. This list is short com-

pared to animals. These necessities are universal among all 

plant groups, and unchanged through time. 

Plants are relatively insensitive to the population size dy-

namics that can afflict animals. A few individual vascular 

plants near each other fare well compared to a diminished 

deme of tetrapods. 

Other techniques that have conferred a timeless robust-

ness to plants include water management, asexual reproduc-

tion, polyploidy, hybridity, and dormancy. 

 Water Management  

For a plant, water's evaporative quality is a blessing and 

a curse. Atmospheric evaporation rates swing widely with 

weather and season. 

Most primitive (non-vascular) plants are poikilohydric: 

tolerant of large fluctuations in hydration. Atmospheric CO2 

concentration was higher when these plants evolved, as was 

photosynthesis efficiency as an outcome of more CO2. Hydra-

tion was relatively less important. 

A few higher plant species are poikilohydric. Leaf photo-

synthetic efficiency declines with tissue water loss, recover-

ing after some duration (days, months, even years) after 

tissues have rehydrated. Animals are much more tightly tied 

to time than plants. 

The most important evolutionary innovation enabling 

plants to limit water loss was the cuticle: a land plant's exo-

skeleton. Most land plant stems and leaves are covered with 

a waxy, waterproof film of chitinous material. 

To enable controlled gas exchange between leaf and air, 

particularly a port of entry for CO2 during photosynthesis, 

plant epidermis has stomata (controllable pores). Stomata 

also serve for temperature control via transpiration. 
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Several plants slather their leaves with wax to control 

water intake. The wax repels water.  

Lotus and some other plants took this hydrophobicity a 

step further, in shaping the wax coating in a way that effec-

tively makes it self-cleaning. The wax is arranged with cones 

5,000th of a millimeter high, with fractal patterns on the 

cones at an even smaller scale.  

When water lands on these waxed leaves, they cannot 

stick at all. Instead, the water forms spherical drops that roll 

across the leaf, picking up dirt along the way, until the drops 

fall off the leaf. This ultrahydrophobicity is called the lotus 

effect. 

Water management factors heavily in handling stress, 

both regarding water availability and temperature extremes. 

We look at those plant management strategies a little later. 

 Reproduction  

A vascular plant typically grows from a seed, the product 

of sexual reproduction. Earlier-evolved species, such as fern, 

sexually reproduce via spores. 

Spermatophytes are plants that produce seeds. There are 

2 sorts of seed-bearing plants: gymnosperms and angio-

sperms. Pines and other conifers are gymnosperms: Greek for 

"naked seeds." The seeds of flowering plants are a step up, as 

they contain the nutrition that the seed embryo needs to get 

its start in life: endosperm. 

Asexual reproduction is extremely common in plants. 

This vegetative reproduction has been a critical adaptation 

for the persistence of vascular plants through time. Many 

plants reproduce sexually or asexually depending upon con-

ditions. 

Plants that reproduce asexually produce clones: offspring 

that are genetically selfsame to the parent. Offspring clones 

may be physically linked or not to the parent.  

Linked clones are outgrowths of the parent. The linkage 

in these clones is broken at some point, separating the parent 

from its offshoot offspring. 

Non-linked clones are plant parts that are dispersed. 

Plant bulbs are a non-linked clonal form. 
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Different species use various techniques for vegetative re-

production, including budding, suckering, stolons, and rhi-

zomes. In budding, a stem grows into a new plant. In 

suckering, a plant regenerates or reproduces by new shoots 

from an existing root system. 

Other vegetative reproduction involves tissue specializa-

tion. Stems on the ground, termed stolons, shoot out from 

some plants to create a new individual (ramet). Strawberries 

reproduce via stolons.  

In some species, a stolon ends with the growth of a tuber. 

A tuber is a swollen stolon that forms a new plant.  

Potatoes are the most famous tuber, formed from a stolon. 

Besides tubers, potato plants can also reproduce vegetatively 

by budding. Potato plants also reproduce sexually via flower-

ing. 

A rhizome is an underground creeping rootstalk that 

modifies to act as an organ of vegetative reproduction. 

Stolons and rhizomes differ somewhat. A rhizome comes 

from the main stem of a plant. A stolon sprouts from a sec-

ondary stem.  

A stolon tends to have longer internodes than a rhizome. 

An internode is the growth between the nodes which form 

new plants. 

A rhizome sends out roots from the bottom of a node, and 

upward-growing shoots from the top. A stolon simply gener-

ates new shoots at the end, such as in a strawberry plant. 

Asexual reproduction yields at least 2 survival edges. 1st, 

sterile plants, such as certain hybrids, may become wide-

spread and persist. 2nd, cloning copes with stress. Owing to 

cloning, many plants can come back from trauma, such as 

burning, cropping, or irradiation. Cloning enables plants to 

persist in the face of adverse environmental conditions, even 

disease in some instances. 

Historically, in periods when global conditions were con-

ducive to plant growth, such as the Carboniferous (354–290 

MYA), mid-Mesozoic (220–200 MYA), and early Paleocene (65–

40 MYA), aclonal plants increased. In contrast, when condi-

tions became more arid, as in the late Permian to early Tri-

assic (256–242 MYA), and from the Miocene (23 – 5.3 MYA) to, 
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and through, the Quaternary (24–0 MYA), clonal species mul-

tiplied.  

Monocots (monocotyledons) have a solitary cotyledon: a 

single embryonic leaf in their seeds. Dicots (dicotyledons) 

have 2 leaves per seed. 

Clonal reproduction dominates in angiosperm monocot 

families. The various grasses are exemplary.  

Dicots tend to be dominated by aclonal plants. Dicots in-

clude the most common garden plants, shrubs and trees, and 

broad-leafed flowering plants such as magnolias, roses, and 

geraniums.  

With global warming and increasing aridity, monocots 

may become the dominant global flora. Altering the mix of 

planetary plants will profoundly affect terrestrial animal life. 

 Polyploidy  

Most eukaryotic species are diploid: 2 sets of chromo-

somes, 1 from each parent. Humans are diploid, though some 

tissues, including the heart muscle and liver, may be poly-

ploid: more than 2 sets of cellular chromosomes.  

When polyploidy occurs in animals, it is often as a mis-

take in mitosis (cell division). But there are a few polyploid 

animals. Flatworms, leeches, and brine shrimp are com-

monly polyploid, as are some salamander and lizard species.  

Polyploid animals are typically sterile, which can be over-

come by parthenogenesis: asexual reproduction where an un-

fertilized egg cell nonetheless develops into an embryo. 

Polyploidy is pervasive in plants. Somewhere between 

30% to 80% of living plant species are polyploid.  

The adaptive radiation of angiosperms 100 MYA coincided 

with genome duplications shared by many species. This con-

ferred advantages. 

1. New species can evolve via polyploidy within the home 

range of the parent species.  

2. In polyploid plants, potentially harmful recessive mu-

tations are more readily masked, rendering plants more re-

silient, and resulting in low phenotypic variability in 

populations.  
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3. With a vaster genome, polyploid plants have a greater 

store of built-in genetic variability. With this innate 

knowledge base they can more readily adapt and cope with 

environmental extremes. Compared to their non-polyploid 

parents, polyploid offspring are geographically more widely 

distributed, and better able to live at habitat margins. 

Concomitant with polyploidy is the ability of plants to un-

dergo mosaic evolution: different organs on the same plant 

can divergently develop, independent of each other. Under 

environmental stress, a plant can protect its whole genetic 

package by selectively altering 1 or a few organs while leav-

ing others unchanged. Such modularity affords a plant flexi-

ble adaptability. 

 Hybridity  

Like microbes, plants have the ready ability to select spe-

cific genetic material from others to hasten their own evolu-

tion: to create a hybrid, bridging 2 different varieties or 

species into something new. Hybridization serves to both per-

petuate populations and evolve new species specifically 

adapted to current environmental demands. 

Eucalyptus, oak, bearberry, and mountain lilacs and lilies 

are exemplary. On the west coast of California, distinct spe-

cies of mountain lilac developed their niches for specific cli-

mactic conditions via hybridization. 

The elegant sego lily prefers sandy aridity at mid-eleva-

tions in the Rocky Mountains, in a somewhat open canopy of 

ponderosa pine forests. The mariposa lily, with lovely cream-

colored petals, situates in moister sites at higher elevations, 

under the more closed canopies of Douglas-fir.  

Interspecific hybrids between the 2 lilies are abundant on 

ski slopes in western Montana, where Douglas-fir canopies 

have been opened and kept clear of trees and tall shrubs. The 

lilies adapted by hybridization to a human-created hybrid 

habitat. 

Unlike animals, quite divergent plant species, even of dif-

ferent genera, have recombined. Such cross-genera hybridi-

zation is relatively rare, since different genera are genetically 

and phenotypically more divergent than species in the same 
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genus. The shrubs bitterbrush and cliff-rose combine to form 

the hybrid desert bitterbrush, which is distinct.  

 Dormancy  

Seed dormancy, by controlling the timing of germination, can 
strongly affect plant survival. ~ American evolutionary ecol-
ogist Charles Willis et al 

When favorable conditions flag, leaves or whole-branch 

portions of plants can be shed. Under extreme stress, plants 

can die back to the ground and perennate underground as 

stems or rhizomes.  

Plant seeds are even better designed to preserve through 

dire times. Coherent adaptation birthed bright seeds at least 

360 million years ago. Even the earliest seeds had the sense 

to wait for fortuitous circumstance until starting on life's ad-

venture.  

Under decent conditions, many plant seeds remain viable 

for a century or more. 2/3rds of ancient sacred lotus seeds re-

covered from a lakebed in Liaoning province, China, 330–

1,200 years old, germinated and grew into mature plants.  

 Looted Fruit  

An arctic ground squirrel stashed in its burrow a fruit 

from a narrow-leafed campion, a small flowering plant. 

31,800 years later, the burrow was looted in the name of sci-

ence.  

The fruit seeds failed to germinate. But living plants were 

propagated by cloning material from the fruit's placenta, 

which produces seeds.  

The pillaging Russian researchers belatedly lamented the 

loss of the savvy squirrel, who smartly packed the fruit in a 

larder strategically positioned next to permafrost, assuring a 

year-round chill of preservation. In the intervening duration, 

windblown soil had buried the burrow 38 meters, perma-

nently freezing it at –7 °C. 

Seeds from the regenerated ancient plants germinated 

with 100% success, compared to 90% to modern plant cam-

pion seeds. The only apparent difference between the modern 
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and earlier plants was that the earlier-evolved flowers had 

narrower, more splayed petals. 

 Intelligence  
Plant behaviour is active, purposeful, and intentional. The 

plant gathers information about its surroundings, combines this 
with internal information about its internal state and makes de-
cisions that reconcile its well-being with its environment. ~ An-
thony Trewavas 

Intelligence is demonstrated by behaviors. Plants are so 

different from animals that is it commonly thought that 

plants do not behave at all. 

Animals skitter about, bodies and limbs in motion, their 

communications in sounds, gestures, postures, and expres-

sions. Chemical processes within proceed largely outside an-

imal awareness and control. Decisions regularly take place 

unconsciously, only coming to awareness in their fruition. 

In contrast, phenotypic plasticity and chemical produc-

tion predominate plant behavior. Plant gestures and expres-

sions are unrecognizable to us. 

Plants use microfluidics and optics to move, change color, 
and pump water. ~ Greek American electrical engineer Deme-
tri Psaltis 

Visible plant actions largely comprise growing and dis-

carding parts. Production and allocation of chemical re-

sources is crucial plant behavior. 

Plants intake and integrate information from among 

their various parts, combine it with remembered and genomi-

cally available knowledge, and intelligently make decisions. 

Because plant behavior is largely chemical and phenotypic, 

the number of choices that a plant at any moment has dwarfs 

any analogue of animal behavioral options. 

Plants live a life of conscious chemistry. Their thoughts 

and behaviors are exercises of molecular awareness. The con-

trast to animals is incomparable. 
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The genomes of DNA-containing cell organelles (mitochon-
dria, chloroplasts) can be laterally transmitted between organ-
isms, a process known as organelle capture. Organelle capture 
occurs in plants. ~ Belgian biochemist Sandra Stegemann et al 

As molecular mavens, plants comprehend the meaning of 

the informational codes behind genetics. They examine all 

the DNA that comes to them – whether bacterial, fungal, an-

imal, or from another plant – to determine whether it may 

have value. This partly explains their ability to establish and 

regulate relations with other life forms. 

Plants control their own genetic destiny: manipulating 

their genome in a vast variety of ways to achieve goals. 

Part of identity is what you aren't. Especially for plants be-
cause they are so changeable and susceptible to environmental 
conditions, the part of the genome that is not needed, or that 
might be providing exactly the wrong information, needs to be 
shut off reliably in each condition. This information is then 
passed on to daughter cells. ~ American microbiologist Doris 
Wagner 

Deciding priorities and energy allocations is so complex 

that no plant behavior is autonomic. Unlike animals, there is 

no plant unconscious. 

One aspect of existence that is the same for both plants 

and animals is memory. Plants remember their ecological in-

teractions and derive meaning from them. Plants have long-

term memory. 

Animals process memories when they sleep. Plants rest 

during the night, but it is not known whether this helps them 

incorporate memories.  

As with animals, the lessons that traumas may teach 

need to be learned, but the emotional impact of traumas must 

be set aside if a plant is to recover and lead a healthy life. 

Stress memories may be maladaptive, hindering recovery and 
affecting development and potential yield. In some circum-
stances, it may be advantageous for plants to learn to forget.  
~ Australian botanist Peter Crisp et al 

Animal emotions play critical roles in memory retention, 

judgment, and motivation. Evidence of plant emotions is an-

ecdotal, but the evolutionary advantage of emotions is such 
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that it is hard to imagine that plants lack emotive feelings. 

Plants demonstrable will to live suggests there being an emo-

tional context to their behaviors. 

 

Plants plan. Decisions about growth or defense are pro-

cesses of potentiality, aimed at meeting anticipated needs. 

Plants anticipate attacks from insects in much the same way 
that they anticipate the sunrise. ~ American biologist Michael 
Covington 

Assessing the far-red radiation coming off the leaves of 

competitors, plants can predict potential loss of light in the 

foreseeable future. One intentional response is shade avoid-

ance – a goal-oriented behavior. 

There is an extensive spread of prerain green-up over Africa. 
~ Nigerian terrestrial ecologist Tracy Adole et al 

A swath of Sub-Saharan Africa has a rainy season with 

an attendant bloom of vegetation. Plants there anticipate 

rain coming and green up before the rain arrives. They also 

know when the rainy season ends and lose their lushness just 

after the rain stops, thereby conserving their resources. 

Associative learning is an essential plant behaviour. ~ Aus-

tralian biologist Monica Gagliano et al 

Experience and calculation of relative gain determine de-

cisions in plants just as they do in animals. Plants constantly 

assess the probabilities of favorable outcomes given an ample 

array of possibilities for root and shoot growth vis-à-vis de-

fensive measures. Plants take risks when they feel they need 

to. 

Competition plays a fundamental role in plant ecology. Plants 
evolved both the ability to detect the presence of neighbours 
and to plastically adjust their phenotypes in response. Plants can 
respond to light competition in 3 strategies, comprising vertical 
growth, which promotes competitive dominance; shade toler-
ance, which maximises performance under shade; or lateral 
growth, which offers avoidance of competition. Plants choose 
according to outcome. Plants adopt optimal scenarios. ~ Ger-
man botanist Michal Gruntman et al 
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 Pesky Pollinator  

The coyote tobacco prefers to rely upon the hawkmoth for 

pollination, as the moth visits many plants in its wide-rang-

ing forays. The problem is that the hawkmoth is both polli-

nator and pest: it lays its eggs on the plant, and its larvae 

love eating tobacco leaves. Those plants which best reward 

hawkmoths with nectar are most likely to have eggs laid on 

them; a cruel irony indeed. 

The coyote tobacco courts the nocturnal hawkmoth by 

opening its flowers at sunset and wafting an alluring scent. 

This benevolence shuts down when hawkmoth larvae (to-

bacco hornworms) make tobacco leaves their meal ticket. The 

plant produces specific pesticides which decrease the cater-

pillars' digestive ability.  

As a final gesture of disgust, the plant stops flowering in 

the evening and opens for business at dawn, thereby attract-

ing hummingbirds. Hummingbirds may not be as prolific a 

pollinator as hawkmoths, but at least they don't eat you alive. 

Once a coyote tobacco is no longer losing leaves to hornworms 

the plant goes back to preferring hawkmoths as their polli-

nating pals. 

 Killer Quorum Mimic  

To have any chance of success, bacteria attack plants en 

masse. Little pathogens determine that they have the num-

bers on their side via chemical quorum-sensing communica-

tions. 

Plants understand quite well how bacteria operate. To 

thwart a mass assault, plants concoct and release chemicals 

that mimic those used by bacteria to signal each other that 

the time to attack has come. 

A plant fires off its molecular mimic before bacteria have 

sufficient numbers to tackle their target. The microbes 

invade before they have enough troops, whereupon the plant 

picks them off. 

 

Typically, only 1–3% of light absorbed by a flowering 

plant is converted to chemical energy, though it may run as 
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high as 8%, as in sugar cane. Much of the solar energy in-

stead goes to heating and pumping water. The reason is that 

plants practice a form of endothermy: keeping leaves at 21.4 

°C, which is optimal for photosynthesis. Trees ranging from 

Alaska to Mexico keep their leaves at the ideal temperature. 

Plants have sophisticated strategies to secure resources. 

Nitrogen is exemplary of supplies that are heterogeneously 

distributed in the environment. If a root senses a local short-

age pending, it consults with a shoot that it services, which 

may suggest lateral root growth toward regions that promise 

better nitrate uptake.  

Plants integrate local and global nutrient cues to spend 
resources efficiently. ~ Dutch botanists Ton Bisseling & Ben 
Scheres 

While some determinations are made that affect a whole 

plant, many are local, especially in a relatively mature plant 

with more resources at its disposal. Plant intelligence is 

therefore a fluid mix of holistic and decentralized decision-

making.  

An experienced root tip, having encountered a situation 

before, knows the best way to proceed. A poplar leaf, having 

been scarred by an insect thug, kicks into defensive emission 

faster than a naïve leaf. 

 Barberry Battles Barbarism  

 The barberry is a European shrub that produces berries 

with 1 or 2 seeds; typically 2. The plant has the ability to halt 

the development of its berry seeds. 

The parasitic fruit fly Rhagoletis meigenii punctures ber-

ries to lay its eggs inside. The barberry is aware of a berry 

being infested.  

If one of the 2 seeds in a berry is infested, a barberry 

aborts the infested seed to save the uninfested one. But if the 

berry only has a single seed, the plant gambles that the larva 

may die, which is a possibility. After all, losing a 1-seed berry 

is an utter waste of fruit. 
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Photosynthesis during the day lets a plant grow and pack 

away enough energy to last the night. When the Sun goes 

down, based upon its starch storage, a plant precisely calcu-

lates, on a leaf-by-leaf basis, how much energy it can use un-

til dawn.  

Optimizing efficiency, each leaf allocates its resources 

over time via arithmetic division. Using its internal clock, a 

plant monitors its accuracy by repeated calculation during 

the night, adjusting as necessary. 

If the starch store is used up too quickly, a plant starves 

and stop growing. Conversely, too-slow consumption is a 

waste. Plants get it right, but caution is applied. Leaves leave 

a 5% contingency reserve. 

The computational capabilities of plants are enormous. 

Plants uses their genome as an active database, precisely ma-

nipulating their own epigenome for remembrance.  

Flowering plants remember induced states for long dura-

tions via various mechanisms, including altering the chroma-

tin at certain genetic loci, through self-reinforcing protein 

modifications, and cellular memory via stable developmental 

or metabolic states. These are just evidentiary artifacts to the 

vibrant energy system that lies behind all living matter. 

Growth represents resource investment. The best return-

on-investment is a choice that offers relative stability.  

Plants consider context. Trees manage to grow in well-

spaced patterns, as a walk through the woods readily shows. 

Various feedback mechanisms prevent overcrowding. 

Plants learn and remember which specific growth pat-

terns are most productive. Some plants with a natural pro-

pensity toward spindly growth get bushier when pruned. 

Having sensed that they are somehow spatially confined, 

plants adjust based upon experience. 

Physically, memory meets action potential by electrical 

impulses, analogous to animal nervous systems. Ionic signals 

propagate through plants cells, provoking chemical changes 

that often incite physiological and morphological transfor-

mations. 

There are thousands of interrelated states throughout a 

plant. Changes in states are coordinated. 
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Different plant stems have varying success with their 

leaves harvesting light. While bright light typically encour-

ages growth in that direction, shoot growth is halted when 

heading into the shade.  

A plant makes growth decisions based upon all the infor-

mation available to it. To optimize nutrient harvest, data 

from individual roots are collated to determine an overall 

growth pattern for further root foraging. 

 Communication  

Molecular transport of plant hormones and other signals in 
cell-to-cell communication is slow. Yet information is propa-
gated quickly over large distances such as a tree height or width. 
Moreover, billions of cells building up a tree must quickly and 
efficiently communicate with one another. This is a necessity 
for maintaining this large organism's integrity throughout its de-

velopment. ~ Polish botanist Katarzyna Sokołowska 

A plant is itself a communication network. Its internal 

signaling system is analogous to the human brain, though 

more sophisticated.  

Plants may employ both chemical and electrical signaling 

to spread news. The major neurotransmitters of animal nerv-

ous systems are also in plants, including serotonin, acetyl-

choline, GABA, and glutamate. 

One way electrical messages travel is through the vascu-

lature that conducts water and organic compounds. Leaves 

may also generate electrical waves via continuous relay of 

cell membrane depolarizations. 

Plant electrical signals travel up to 9 cm per minute. In 

contrast, the mammalian nervous system can rely electrical 

signals at 100 meters per second. But then, such speed is es-

sential for animals that rely upon locomotion to stay alive 

and cannot survive the extent of damage that plants can. 

Plants also have an equivalently rapid extracellular com-

munication system, using waves of reactive oxygen species. 

Signaling may be highly selective. An insect larva may 

not raise an alarm by walking on a leaf. But once it starts to 

munch the greenery, neighboring leaves are notified. 
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Leaves on a plant listen to the experiences of others. Even 

the rumor of distress can create a state of preparedness in a 

leaf. 

 The Headaches of Willows  

The ancient Greeks, Middle Easterners, and Native 

Americans all eased aches and reduced fevers by ingesting 

the chemicals in willow tree bark. The active ingredient is 

salicylic acid, which is a chemical precursor to aspirin. 

Plants do not use salicylic acid to ease their pain in the 

same way humans do. Instead, they release it with pinpoint 

accuracy at an infection site, signaling veins throughout the 

plant of a bacterial or viral attack. Salicylic acid is a localized 

self-sacrifice gambit to thwart an invasion. 

The plant responds with several steps to kill the invader, 

or at least stop the spread of the infection. For one, dead cells 

are put up around the infection site as a barrier, to halt move-

ment to other plant parts. White spots on leaves are an indi-

cation of where plant cells have killed themselves to prevent 

bacteria from spreading. 

 Lines of Communication  

Plants form communication lines among themselves and 

their neighbors. This provides a direct early warning system 

for threats in the neighborhood. 

Most land plants are connected indirectly through myce-

lial fungi. The relationship between the fungi and plant is 

mutualistic. 

Besides nutritional benefits, plants employ the fungi as 

communication conduits. For plants without runners, mycor-

rhizae make a fine chat line. 

Such communication improves a plant's fitness. Plants 

are better able to prepare themselves for attack and more 

successfully avert damage. 

When attacked, plants emit volatile airborne compounds 

that warn of their situation and solicit help from the natural 

enemies of their assailant.  
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Neighboring plants eavesdrop on each other and respond 

by priming their own defenses. They may do so quite selec-

tively. 

The plumbing of poplars is such that leaves do not have a 

direct connection to their neighbors. But volatiles released by 

a leaf under attack waft to neighbors, divulging data about 

the nature of the attacker. 

Should an attacker move to graze nearby, the new prey 

revs its defense faster. The plant itself benefits by its own 

emissions but so do neighboring plants. 

 Others on the Party Line  

A plant communication network may be co-opted. Plant 

viruses use runners as highways to rapidly spread through 

connected plants. 

Even a single plant acts as a transmission line for herbiv-

orous insects. An underground pest broadcasts chemical sig-

nals up through the leaves of a plant, telling insects 

aboveground that the plant is already occupied. 

Leaf-eaters prefer plants that are not infested by subter-

ranean insects. Avoiding competition keeps a healthier habi-

tat by not overtaxing plants and thereby unnecessarily 

damaging the community at large. 

Parasitic wasps lay their eggs in caterpillars that live on 

stems and leaves. These wasps benefit from the signals of un-

derground insects, as it helps reveal where they might find a 

good host for their eggs. 

 Chemical Calling Cards  

Some plants release chemicals that resemble insect pher-

omones: volatile chemicals employed in communication be-

tween social insects. When set upon by aphids, wild potatoes 

cry out with a compound that acts as an alarm pheromone for 

aphids. The aphids flee the potato plants. 

Corn seedlings ask for assistance when attacked by 

armyworms, releasing a pheromone that attracts female par-

asitic wasps which feed on armyworms. 
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A lima bean plant attacked by beetles has a 2-pronged 

response. 1st, leaves under attack spread the alarm to un-

damaged leaves to prepare for assault. Neighboring plants 

"leavesdrop" and steady themselves. 

The lima bean's leaf alarm is methyl jasmonate, a defense 

hormone in airborne form. In contrast, a plant under attack 

by bacteria exudes methyl salicylate, a gaseous equivalent to 

salicylic acid. 

2nd, the lima bean plant has its flowers, which the beetles 

don't bother, produce a nectar alluring to beetle-eating ar-

thropods. Many insect-eating arthropods, as well as pollina-

tors, coevolved with plants, and came to share chemical 

communiqués of mutual benefit. 

Predators of plant pests can be picky, selectively flocking 

to the aromatic news of a menu option, while ignoring scents 

that signal species they don't fancy.  

A little wasp that injects its eggs into young caterpillars 

reacts to attacks when a plant's panic aroma is of tender 

young caterpillars. But a wasp turns a deaf ear to a plant 

screaming from attack by geezer caterpillars. 

 Cheater Compliance  

Plants have a variety of contractual relations. If an equi-

table quid pro quo is not met, a plant is likely to enforce com-

pliance or cancel the contract altogether. 

 Legumes & Rhizobia  

Legume symbiosis with rhizobia is the largest source of natu-
ral, non-synthetic, nitrogen fertilizer in agriculture. ~ American 
plant pathologist Nevin Young 

Legumes employ bacteria, collectively called rhizobia, to 

fix nitrogen for them. In return, the bacteria are given com-

fortable accommodations in root nodules. Neither rhizobia 

nor their plant hosts are dependent upon one another to sur-

vive. 

The start of their symbiosis, known as nodulation, in-

volves intricate negotiations between the two: chemical com-

muniqués, and abundant alterations in gene expression and 

development patterns in both organisms as a nodule forms 
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and the bacteria are ensconced in a comfy new home. Nodu-

lation is a complex, completely cooperative process of accom-

modation by both parties.  

The ability of bacteria to form this intimate association 

with plant cells owes to the plant not activating any defenses 

against them. The bacteria are particularly recognized by the 

plant. Uncooperative rhizobia are unable to infect host 

plants, as they trigger host defenses. 

A nodule is a workshop where nitrogen fixation can occur 

efficiently. An optimal oxygen concentration is maintained 

within. O2 regulation is itself a complicated process involving 

coordinated collaboration between host plant and bacterial 

guest. 

Once the relationship is figuratively and literally sealed, 

a legume trades sugars and proteins in return for usable ni-

trogen from the rhizobia. The ammonia burped by the bacte-

ria is employed by the plant to synthesize amino acids.  

Nitrogen fixation in this cooperative relationship is un-

paralleled in its communication complexity and coordination 

between organisms and is all the more remarkable for tran-

spiring between very different life forms. 

The legume/rhizobia nitrogen fix was facilitated 58 MYA, 

when a duplicate set of genes of the whole plant genome were 

created. This allowed conservation with the original set, 

while the duplicate developed the new functionality needed. 

A single legume plant is typically host to several different 

bacterial lineages. Some are more industrious than others. 

Strains that fix little or no nitrogen are common in some 

soils. 

Plants carefully monitor nitrogen production by their rhi-

zobia. Some plants practice a strict quid pro quo: providing 

carbohydrates in accordance with the nitrogen supplied by 

the bacteria. If a plant becomes dissatisfied with a rhizobium 

slacker, the host sanctions the bad bacteria by reducing its 

oxygen supply. 

 Yuccas & Moths  

Yucca plants are pollinated exclusively by yucca moths; a 

mutualist relationship that began at least 40 million years 
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ago. In return for their pollination service, female yucca 

moths lay their eggs in the flower. 

The life of an adult yucca moth is so short that it does not 

need to feed. These moths lack the long tongue characteristic 

of most moths and butterflies. Instead, the yucca moth has 

tentacles around its mouth that let it serve as a pollinator. 

A female yucca moth follows a specific pollination proce-

dure. First, she visits the anthers of flowers, scraping pollen 

from several of them and shaping it into a lump. She then 

leaves to land on the flower of another plant, assuring cross-

pollination. When she arrives, she inspects the flowers, look-

ing for one at the right stage, and for one that does not al-

ready have eggs in them. 

Female yucca moths signal floral egg status to each other. 

A yucca moth can detect the telltale smell of other females 

with her antennae. Females typically leave previously visited 

flowers without ovipositing. 

Finding a proper flower, a female lays a single egg, or a 

few at most. Afterwards, she goes to the stigma, where she 

carefully removes some pollen from under her chin and de-

posits it. Now the flower can produce a fruit and enough 

seeds to feed her larvae as well as ensure plant reproduction. 

Upon hatching, a yucca larva has a ready supply of food 

in the form of Yucca seeds and other plant material. While 

the plant loses some seeds, it gets the better of the bargain. 

This is particularly true because the Yucca plant won't toler-

ate being over-exploited. The Yucca counts the eggs within 

its flowers. If there are more than a few eggs in any particu-

lar ovary, the plant aborts the flower, killing the moth off-

spring inside.  

What the plant discovers is seldom satisfactory. 70% or 

more of the pollinated flowers have an unacceptable number 

of eggs and are aborted. A shot of ethylene ensures their de-

mise.  

While relatively few yucca eggs mature to adulthood, 

their chances are much better than being deposited on alto-

gether uncaring plants. The mutualism, however occasion-

ally antagonistic, is obligate: each depends on the other for 

survival. 
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The high mortality rate of yucca eggs owes in part to the 

fact that there are cheater species of yucca moths who pro-

vide no pollination service. These moths are only distantly 

related to those that play by the rules.  

The cheaters have been around for a long time. As a few 

manage to succeed, statistical odds have kept them in busi-

ness. 

 Senses  

Plants can distinguish between one stimulus and another. 
Plants clearly have the means to tell different types of signal 
apart. ~ Brian Ford 

Everything alive relies upon sensory input to decide how 

to behave. All that senses are, after all, are receptors for per-

ceptual cognition.  

The mind creates a mosaic from a multitude of pinpoint 

sensory observations. Plants are no different from animals in 

this regard. That said, floral level of awareness is superior 

than that of fauna. 

Plants have to be better than us at sensing the environment 
because they don't have the luxury of getting up and leaving. 
~ American botanist Simon Gilroy 

 Sight  

Plants search for food as if they had eyes. ~ German chemist 
Justus von Liebig 

Plants can tell the level of light, its specific direction(s), 

and its wavelength composition. From this, plants know the 

time of day, and the time of year. 

Photosynthesis produces sugar. One way that plants 

know the time of day is by the rate of sugar production, which 

they continuously tally.  

Angiosperms use the sense of season to time their flower-

ing. To optimize the prospect for propagation, plants synchro-

nize flowering with pollinator life cycles. 
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All photosynthetic plants grow toward light, thereby en-

hancing the photonic fuel for photosynthesis. This is photo-

tropism. Plants adjust growth direction by elongating the 

cells of the stem on the side farthest from the light source.  

A plant knows whether another plant has grown over it. 

Its typical response is to grow faster, to regain access to bet-

ter light. 

Besides being an energy source, light serves as an im-

portant signal to rationally regulate growth. A wide variety 

of processes throughout a plant are mediated by light-signal-

ing molecules. Even roots are affected. 

Light is first detected by photoreceptors in the shoots of a 

plant. Roots have low-wavelength photonic receptors that are 

activated by light transmitted from the shoots via vascular 

bundles. Thus, the entire plant is exposed to light cycles and 

can plan accordingly. 

In essence, plants see, though their sight is naturally ori-

ented toward what a plant needs to know. But then, animal 

vision is the same in its orientation: limited to spectral bands 

with needed information, while not able to sense frequencies 

that are superfluous to survival. 

 Facing the Dawn  

From dawn to dusk, many flowering plants track the Sun 

across the sky. Plants with leaf mosaics, such as trees and 

vines, carefully contrive to arrange their leaves so that each 

gets its fair share of sunlight. 

The mallow plant keeps its leaves flush to the Sun all day 

long, soaking up the light. After the Sun sets, a mallow 

spreads it leaves conventionally: facing upwards. But as 

dawn comes due, a mallow turns its leaves to the east in an-

ticipation of sunrise. Such behavior is typical of Sun follow-

ers. 

 

Many flowering plants are quite sensitive to light. While 

plants generally like light, there can be too much of a good 

thing. 

The scarlet pimpernel opens its flowers at dawn, closing 

them after lunch time. In contrast, the evening primrose 
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keeps its flowers closed during daylight, instead opening as 

dusk draws on. 

Several plants vary their sunlight exposure based upon 

their ability to take the heat. The sirato orients its leaves to 

fully face the Sun when moisture is abundant. During 

drought, a sirato holds it leaves edge-on to the light, to mini-

mize evaporation. 

 Compass Plant  

The compass plant, which grows on the North American 

prairies, takes a simple approach to getting just enough Sun. 

As flat new leaves grow, they align themselves on a north-

south axis. All the leaves of the compass plant lie parallel to 

each other. 

The Sun rises shining directly on one side of a leaf. At 

noon, light hits the leaves edge-on. As the day wears into the 

afternoon, the Sun moves around to shine on the other side 

of the leaf. 

Compass plant leaves do not move. Their careful orienta-

tion means that they sunbathe in the morning and afternoon, 

while avoiding the scorching noonday Sun. 

 Touch  
Touch is the sense of direct environmental contact. Plants 

are very much in touch with their habitat. 

Roots can distinguish between wet and dry soil. They pat-

tern their growth based upon the minute difference in mois-

ture on one side of a root filament versus the other.  

Plants have palpation perception, whether by the breeze 

or more substantial contact. The plant sense of touch extends 

to recognizing the saliva of herbivores that prey upon them. 

Touch is at its most developed in climbing plants, which pos-

sess an extraordinary tactile sense. 

Unlike animals, plants are unable to run away. Instead, plants 
developed intricate systems to sense their environment and re-
spond appropriately. Reactions can be triggered by rain drops 
falling, the wind blowing, an insect moving across a leaf, or 
even by clouds casting a shadow over a plant. Plants are very 
sensitive, and can redirect gene expression, defense, and their 
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metabolism because of it. ~ Australian botanist Olivier Van 
Aken 

Touch is ultimately an electrical sense. Established ion 

channels are energized by movement of fluid within and 

among cells. 

The Venus flytrap literally has hair-trigger response to 

tactile stimulation. Charles Darwin showed that a Venus fly-

trap can be anaesthetized, just like animals. A flytrap gets 

back in action when the effect wears off. Ether, chloroform, 

or morphine may render a flytrap senseless. 

Vines feel when they have latched onto something and in-

itiate rapid growth when attached to reliable support. A bur 

cucumber can feel a string weighing 0.00025 mg, whereupon 

it sets itself to wrapping and growing. In contrast, it takes 8 

times as much pressure for a human finger to sense a string. 

Trees growing on a mountain ridge, exposed to high 

winds, adapt by limiting branch growth and growing short, 

thick trunks. In contrast, the same species of tree in an idyllic 

valley will be tall, thin, and have fulsome branches. 

Heliconia tortuosa is a tropical plant that allows only 2 

species of hummingbirds to pollinate its flowers. The plant 

knows who is guzzling its nectar by the shape of the bird bill 

put into its flower. 

Plants generally don't like to be touched. Simply touching 

or shaking a plant can lead to growth arrest. 

A researcher studied cocklebur, a North American weed 

with small burrs that readily cling to passersby. This was 

done by measuring leaf length. The researcher found that the 

leaves measured never reached normal length. Instead, they 

turned yellow and died, just from being touched a few seconds 

each day. 

Many plants are hardier about being touched than the 

cocklebur. Typically, those that are often touched keep their 

defenses up by producing defensive metabolites. 



 Plants 363 

 Touch-Me-Not  

Touch-me-not is hypersensitive to tactile sensation or 

rapid temperature change. It has bipinnate compound 

leaves, with 10–26 leaflet pairs per pinna. 

When a leaf is touched, the leaflets rapidly fold inward 

and droop. If unprovoked further, a leaf regains its full pos-

ture after a few minutes. 

Touch-me-not leaves have pulvinus cells at each leaflet 

base that facilitate the quick movement; a seismonastic re-

sponse. The pulvinus act as hydraulic pumps. 

When a leaflet is open, its pulvinus cells are full of water. 

A high concentration of potassium ions provokes water to 

flow into the cells from outside, in an attempt to achieve elec-

trical neutrality by diluting the potassium.  

Conversely, reacting to electrical action potential, potas-

sium leaves the cells and takes the water with it when its 

channels are opened. The leaflet goes limp. 

Once the signal has passed, the pulvinus pumps potas-

sium into the cells again, along with water influx. The ions 

that regulate the pulvinus potassium channel are of calcium, 

which is the same element used for neural and glial commu-

nication in animals.  

Calcium is the chemical of choice because of its high reac-

tivity. It is energetically easy to incite calcium ionization. 

 Gravity  
Animals grapple with gravity. To grow vertically, plants 

must accurately gauge gravity. They do so with aplomb. 

The sensor of gravity in plants consists of tiny starch-rich 
grains called statoliths that sediment and form miniature granu-
lar piles at the bottom of the gravisensing cells. Despite their 
granular nature, statoliths move and respond to the weakest an-
gle, as a liquid clinometer would do. This liquid-like behavior 
comes from cell activity, which agitates statoliths with an appar-
ent temperature one order of magnitude larger than actual tem-
perature. Active fluctuations of statoliths explains the 
remarkable sensitivity of plants to inclination. ~ French bio-
physicist Yoël Forterre et al 



364 Spokes 2: The Web of Life  

 Smell  

As consummate chemists, it is unsurprising that plants 

have a sense of smell. Whereas animals sniff odors within a 

second, plants require longer exposure to accumulate a scent. 

As with most things, plants are not in the same rush that 

animals are. 

Smell is necessary to know the neighborhood, as so much 

of what goes on produces chemical signatures. A plant that 

smells a sick neighbor will put its guard up. 

Male fruit flies emerge in late spring. They perch on the 

upper leaves of the tall goldenrod, and waft pheromones that 

attract female flies.  

When these goldenrods get a whiff of male fruit flies, they 

prepare chemical defenses that make them less appealing to 

the females that can damage the plants by depositing eggs on 

them. These toxins deter egg-laying. The goldenrod's defen-

sive posture also makes it less attractive to other insects that 

might feed on it. 

Floral scents are part of a complex trade-off with other scents 
that likewise attract beneficial insects. ~ Swiss botanist Florian 
Schiestl 

Flowering plants can adjust their scent bouquet at any 

time to address immediate concerns. A plant can turn off its 

alluring floral scent and have its leaves request help from 

parasitic wasps if it is being attacked.  

 The Scent of Ripening  

By altering the expression of one protein, ethylene produces 
cascading waves of gene activation that profoundly alters the 
biology of the plant. ~ American botanist Joseph Ecker 

Plants time the ripening of their fruit by smell. Ripening 

fruit produces ethylene, which also plays a role as a hormone 

in the growth and aging processes of plant parts. Ethylene 

also helps a plant defend against pathogens.  

Ethylene inspires uniform ripening, providing a hearty 

welcome to animals that come and distribute seeds in return 

for a meal. Providing only few fruit at a time would not be 

nearly as effective in attracting help, so plants host a feast. 
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In the early 20th century, Florida citrus growers ripened 

their product in sheds heated by kerosene. They were sure it 

was the warmth that prompted ripening. But, to their sur-

prise, electric heaters had no such effect. 

In 1924, USDA researcher Frank Denny discovered that 

kerosene smoke contains minute amounts of ethylene. He 

found that lemons can detect ethylene in as little as 1 part in 

100 million.  

 Hearing  

Plants respond to sound and they make their own sounds. 
The obvious purpose is communicating with others. ~ Monica 
Gagliano 

Plants listen, attuned to specific sounds around them. 

Plant roots grow responsive to sounds in the soil. Plants dis-

tinguish between the wind and the crunch of caterpillars 

munching on foliage.  

Leaves can detect a vibration less than 0.00025 mm. This 

allows them to detect and prepare for predators before they 

attack. 

Nectar can be a significant energy investment, and thus keep-
ing a constantly high level of sugar can be wasteful. ~ Israeli 
botanist Lilach Hadany 

Plants hear a pollinator nearby and ramp the sweetness 

of the nectar in their flowers within a very few minutes. This 

economizes on unneeded sugar production and gives clients 

what they want. 

The nectar response is frequency-specific: flowers respond to 
pollinator sounds, but not to other sounds. ~ Israeli botanist 
Marine Veits et al 

When plants open their pores to capture carbon dioxide, 

they lose water. To replenish this moisture, roots suck 

groundwater and send it through xylem.  

2-way valves – pit membranes – connect xylem capillar-

ies. The drier the soil, the more tension builds in a xylem ves-

sel, until an air bubble is pulled in through the membrane. 
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An embolism can be disastrous, as gas bubbles block wa-

ter flow. Plants listen to their plumbing system and repair 

damage. 

Sound is overwhelming, it's everywhere. Surely life would 

have used it to its advantage in all forms. ~ Monica Gagliano 

 Electricity  

Plants sense the electrical environment, and themselves 

use electricity as a communication conduit. For instance, Ve-

nus flytraps snap shut based upon electrical messages from 

triggered hairs. 

Clouds carrying rain pronounce their arrival with electri-

cal fanfare. As rain droplets grow they build up large nega-

tive charges. To take full advantage of rainfall, a complex 

cascade of enzymatic actions within plants take place in 

preparation. Dried leaves reactivate metabolism, getting 

ready to receive the water to come. 

Flowers are a multifarious advertisement. Besides their 

good looks, scents, and feel, flowers emit electric fields which 

beckon.  

In foraging afield, bees build a positive charge from flap-

ping their wings. This charge helps pollen stick to them. 

Alighting upon a flower affects its electric field for a time. 

From this a bee can sense how recently has flower has been 

serviced by another, and so determine whether the flower is 

worth the trouble of landing. 

 Sense of Self  

Plants possess self-awareness: the ability to distinguish 

themselves from others. Flowering plants can tell their own 

pollen from that of another.  

A plant knows which of its neighbors are related. Roots 

respond differently when encountering family versus 

strangers. Sagebrush plants, having sniffed wounded sib-

lings, are better prepared for defense than from being ex-

posed to warnings of genetically different plants.  
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Plants possess proprioception. A plant puts its roots down 

and its photosynthetic leaves toward the light, which is typi-

cally up.  

Turn a plant upside down and it will reorient itself, albeit 

in plant time (slowly), so that its growth proceeds in the 

proper directions. The aerial roots of mangrove and banyan 

trees always grow down, even though they start out several 

meters in the air. 

Plants know where their various parts are: the locations 

of their branches, at what angles, and in relation to each 

other. Growing tendrils have a pretty good idea of where they 

are going. 

Plants alter their shape to compensate for previous mis-

fortune. A tree left leaning from a storm may drop limbs, or 

grow exclusively on one side to regain balance, either by ex-

tending existing limbs in the desired direction, and/or adding 

new limbs where desired. 

Proprioception, whether in plants or animals, comes not 

from a single sense organ, but by integration of a wide variety 

of inputs. The timing of when a wind gust hits various plant 

parts carries with it positional information. But the breeze is 

merely confirmation of what a plant already knows. 

 Wood Sorrel  

Common wood sorrel is a small flowering plant native to 

England and neighboring Europe. Other species of wood sor-

rel are found in North and South America, and Australia. 

The plant has delicate lobed leaves which resemble clo-

ver. The leaves droop and close as evening draws near, en-

tirely shutting up at night. Many other plants tuck in to sleep 

at night. 

Wood sorrel foretells wet weather by protectively bring-

ing its leaves in, closing up when raindrops fall. The leaves 

are also sensitive to temperature and touch. 

Wood sorrel also avoid too much Sun. When the light gets 

too bright, leaves close as if it were raining. 
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 Stress  

Excellent but complex examples as to plants' proficiency 

with their own physiology, chemistry, and physics come via 

their responses to various stresses – responses which are in-

voked by attuned decision-making. Extremes in water avail-

ability and temperature illustrate.  

 Drought  
Plants reach deep below surface soil to take water up into 

their shoots and leaves. Through a process called hydraulic lift, 
plants also leak water into the bone-dry surface soil to release 
nutrients and stir microbial activity critical to the plants' sur-
vival. Microbes recycle the nutrient building blocks plants need 
to grow. ~ American biologist John Stark 

Drought – prolonged water deprivation – initiates a cas-

cade of acclimations. Initially, leaf area allocation and activ-

ity change. 

First, leaf expansion halts. Smaller leaves, with less sur-

face area, lose less water. 

If plants become stressed after a substantial leaf area has 

developed, the older leaves are sacrificed first. Younger 

leaves remain and may even become more active. 

One common response to drought is to slather more wax 

on the leaves, to reduce transpiration. This produces modest 

results, as cuticular transpiration accounts for only 5–10 % 

of total water loss. 

Some desert plants take leaf area adjustment to an ex-

treme: they lose all their leaves during a drought. Plants get 

most of their moisture through their roots. 

There is a balancing act in the relations between root and 

shoot systems. A shoot grows until its water supply is limited. 

A root grows until its supply of photosynthetic product is lim-

ited. 

This balance shifts during drought to root extension, to 

dig deeper for moisture. In well-watered soils, root systems 

tend to be shallow. Plants send their roots deeper as drought 

takes hold. 
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That said, different plant families have different strate-

gies to deal with drought. Grasses suppress root growth as 

drought takes hold. This response allows the plant to slow 

water extraction from the soil, treating the residual moisture 

as a reserve. This root austerity is a temporary measure. 

When the soil moisture level rises, root growth resumes. 

As soil dries, its water potential and matric potential turn 

negative. So, plants adjust their internal chemistry to absorb 

more water. 

Water potential is the tendency of water to move from one 

area to another due to osmosis, gravity, pressure, or matrix 

effects, such as surface tension. Matric potential summarizes 

the adhesive intermolecular forces that water has for solid 

particles – in other words, water's cling to things. 

Plants can continue to absorb water only if their water 

potential remains less than the water source, and the matric 

potential stays favorable. So, they adjust: accumulating so-

lutes and lowering the osmotic potential of cell sap.  

Adjustments in internal solutes (increases in sugars, or-

ganic acids, and ions (particularly potassium)) are small but 

helpful. Shifting water around within cells improves water 

potential. The 2 actions dovetail to keep cells functioning. 

Having experienced drought conditions, plants learn 

which responses are most effective, thereby letting them bet-

ter deal with, and more quickly recover from, later dehydra-

tion events.  

 Waterlogging  

Waterlogging is an entirely different scenario from 

drought. Essentially, the problem is anaerobiosis: oxygen 

starvation (hypoxia). 

Shortly after soil is flooded, the respiration of roots and mi-
croorganisms depletes the remnant oxygen and the environ-
ment becomes hypoxic (i.e., oxygen levels limit mitochondrial 
respiration and later anoxic (i.e., respiration is completely inhib-
ited). ~ Argentinian botanist Gustavo Gabriel Striker 

The major effect of waterlogging is a decrease in gaseous 

interchange between the atmosphere and soil. This inter-

change depends upon the rate of biochemical reactions. These 
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reactions are affected by temperature, the concentration of 

organic substances, and the speed at which each gas moves. 

Oxygen diffuses 10,000 faster atmospherically than it 

does in liquid, and its concentration is 30 times less in water 

than air. Further, concentration decreases with depth. 

To grow, roots respire fulsome amounts of oxygen. If the 

soil becomes waterlogged, roots can't breathe, as oxygen dif-

fuses poorly in water. This reduces root water permeability 

in many plants. Thus, plants growing in flooded soils can suf-

fer reduced water content, and their leaves wilt. The paradox 

of waterlogging is that it starves plant roots of water. 

If a soil is well aerated, oxidized states dominate. In 

poorly aerated soils, redox reactions are reduced. 

In a well-drained soil, plant roots and aerobic microbes 

happily practice aerobic respiration. In waterlogged soil, an-

aerobic bacteria replace aerobic ones. CO2 is reduced to me-

thane by methanogenic bacteria. 

Even worse, toxic substances build up because of incom-

plete breakdown of organic substances in waterlogged soil. 

Organic acids, alcohols, and ethylene, a plant growth regula-

tor, all accumulate under waterlogging. 

The primary acclimation to waterlogged conditions, par-

ticularly the lowered oxygen in the soil, is in roots developing 

aerenchyma, which are channels that allow gas exchange be-

tween root and shoot. Aerenchyma are naturally formed as 

part of the development in wetland plants; a process termed 

schizogeny. For other plants, under the stress of waterlog-

ging, lysigeny is the solution: cells selectively die to produce 

spaces for gas pathways. 

In a transduction not well understood, hypoxia increases 

ethylene biosynthesis, which controls aerenchyma develop-

ment. Ethylene also induces other adaptive physiological re-

sponses to anaerobiosis, including rapid underwater 

extension of shoots, as well quickly developing adventitious 

roots near the soil surface. Both adaptations increase the 

chances of a plant finding an area with higher oxygen con-

centrations. 
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 Hydrophytes  

A hydrophyte is a plant adapted to living in water-satu-

rated soil or in water. Water lilies, lotus, and water hyacinth 

are exemplary hydrophytes. 

One problem avoided is getting enough water. But there 

are challenges. 

Gas exchange is one difficulty in living a hydrophytic life. 

Another, for submerged plants, is getting enough light for 

photosynthesis. 

Leaf modifications in hydrophytes enhance light absorp-

tion and gas exchange. Water protects immersed leaves from 

too bright sunlight. Getting enough light is the issue. 

Hydrophytes often have large, thin leaves that float. The 

grand, circular leaves of water lilies are exemplary. 

Epidermal leaf cells frequently contain photosynthetic 

chloroplasts, with ground tissue modified for storage. These 

are quite unusual adaptations for plants. Hydrophyte leaves 

and stems commonly contain considerable aerenchyma, facil-

itating gas exchange. 

Mangroves are halophytes, as they live in seawater. In 

the black mangrove, aerenchyma-filled roots – pneumato-

phores – stick up in the air from the soil, acting as snorkels, 

to let gases diffuse into submerged roots. Pneumatophores 

are most pronounced in plants that live where the water ta-

ble fluctuates widely. 

As plant tissues are denser than water, and so would nat-

urally sink, the leaves and stems of hydrophytes often have 

adjustable gas chambers to keep a plant buoyant. These 

chambers facilitate gas exchange, bringing oxygen down to 

submerged parts. 

The inner tissue (endodermis) of hydrophyte stems and 

leaves channel the flow of water, keeping it confined to the 

xylem. 

Hydrophytes often exhibit leaf dimorphism: submerged 

leaves are different in shape and structure. Floating leaves 

have stomata only on their upper surface, while submerged 

leaves have none. 

Leaf shapes are optimized for their immediate environ-

ment. Aquatic buttercups are exemplary. Their floating 
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leaves are large and flat, while their submerged leaves are 

finely dissected and lacelike. This delicate-looking structure 

maximizes the surface area able to take in circulating nutri-

ents. 

Submerged large leaves would put enormous pressure on 

a plant. Fine or thin leaves underwater allow current to flow 

through. 

Hydrophytes do not need much, if any, cuticle to prevent 

tissues from drying out. Lacking a cuticle allows nutrients to 

be taken in over the entire submerged surface. 

Minerals are still taken up by roots, if the aquatic plant 

has roots. As there is no transpiration under water, ions are 

shoved through the xylem by root pressure. 

 Rootless Duckweed  

At 1 millimeter, the rootless duckweed is the smallest 

vascular plant. This rootless native of Africa, Europe, and 

parts of Asia lives in quiet water bodies, such as ponds.  

The rootless duckweed is a mixotroph: producing its own 

energy via photosynthesis or absorbing it from the environ-

ment as dissolved carbon. It multiplies via vegetative repro-

duction. 

The rootless duckweed is highly nutritious. Its greenery 

is 40% protein, and its turion (overwintering bud) is 40% 

starch. The rootless duckweed has numerous important 

amino acids, and copious amounts of dietary minerals and 

trace elements, including calcium, magnesium, zinc, and vit-

amin B12. 

 

Thanks to numerous adaptations and variable responses, 

plants can survive over a wide range of temperatures. Most 

crucially, a plant can differentiate between hot and cold. 

Sensing temperature is essential to optimizing response. 

 Cold  

Just as knowing when to flower is important, so too the 

need to anticipate the chill of winter. The pathways that pro-

tect plants from freezing that were inactivated in spring are 
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prepared in autumn for the arrival of crisp weather. Seasonal 

sense and activity optimize allocation of resources. 

Plants that move in response to temperature are thermo-

nastic. The rhododendron evolved in the mountains where 

low temperatures are common. On a temperate day, a plant's 

leaves are outstretched to soak up the Sun. But when the 

temperature drops below freezing, leaves curl inwards and 

roll up. Each leaf then droops to reduce the risk of frost dam-

age. 

Cooling slows the rate of photosynthesis and has marked 

effects on respiration. Protein synthesis is also inhibited. 

Tropical plants are especially sensitive to chilling temper-

atures of 10–15 °C. Cold-sensitive plants have higher levels 

of saturated fatty acids in their cell membranes. Their mem-

branes solidify more quickly when it turns cold than more 

tolerant plants.  

Generally, highly unsaturated fatty acids, which are im-

portant in maintaining membrane fluidity, predominate in 

plants acclimated to cold climates. 

Some plants avoid the worst of the cold by hiding from it. 

Belowground rhizomes, roots, and tubers are less susceptible 

to freezing than parts aboveground, which are sacrificed as 

necessary. 

Soil temperature falls more slowly than air temperature. 

Subterranean plant parts have higher inbuilt frost re-

sistance, as these organs suffer less heat loss.  

Alpine and arctic plants get some protection from frost by 

a layer of snow. Nonetheless, these plants minimize above-

ground presence. 

The stress from freezing takes more of a toll on the inter-

cellular spaces within a plant than it does on the cells them-

selves. Plants cells accumulate low-weight organic solutes, 

such as sugars and amino acids, to lower their freezing point. 

Such solutes only lower the freezing point a few degrees, but 

they also protect enzymes from dehydration. 

Ice readily forms from particulate nuclei around which ice 

crystals materialize. Pure water freezes at –40 °C, not 0 °C, 

which is the transition point for normal water.  

Some plants resist freezing by supercooling. Select tis-

sues in cold-hardy plants seem as if they contain pure water. 



374 Spokes 2: The Web of Life  

Solute content is largely absent. Such regions can be chilled 

to minus 38 °C before ice forms.  

Such protection is particularly important for dormant 

buds and the xylem of woody plants during winter. While 

many cells suffer intercellular ice formation and dehydra-

tion, some tissues survive by supercooling. 

Some trees grow in habitats that drop below –40 °C in the 

winter. The above tricks to reduce freezing point don't work. 

Instead, intracellular freezing is prevented by withdrawing 

the cell's water to the apoplast: the diffusional space outside 

the plasma membrane. Only thin layers of water molecules 

are left to protect macromolecules. In effect, plant tissues hi-

bernate freeze-dried. 

The temperature rarely drops below freezing suddenly in 

Nature. Usually, autumn ambient temperature gradually de-

creases for weeks before the first freeze.  

During that time, plants anticipate future freezing. Only 

1 or 2 days of near-freezing temperatures are enough to bring 

about acclimation. 

Innumerable minute chemical changes, notably in pro-

teins and polypeptides, create antifreeze properties. Meta-

bolic changes for cold acclimation are epigenetically 

controlled. 

Plants learn how to manage the stress of being cold. Ac-

climated tolerance improves as a plant matures. 

 Heat  

Plants avoid overheating by accelerating leaf transpira-

tion: a quite effective way to keep cool. The trade-off is that 

an increase in water loss risks dehydration. 

Some plants reduce overheating by turning their leaves 

away from the Sun. Soybeans and other legumes, as well as 

mallow family plants, including hibiscus, cotton, cacao, and 

okra, practice this paraheliotropism. Grasses roll their leaves 

up to minimize exposure to sunlight. 

Many desert plants are xerophytic: adapted to survive in 

an environment lacking water. The Joshua tree is an exem-

plary xerophyte. 
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Xerophytes conserve water by using CAM photosynthe-

sis, which considerably reduces water loss by, among other 

things, letting stomata (leaf pores) be closed during the day. 

These measures greatly decrease evaporative cooling, afford-

ing greater tolerance to high temperatures. 

Cacti illustrate several techniques to avoid overheating. 

Cacti are covered in dense, reflective spines. Much incident 

radiation is reflected, and airflow is greatly reduced, lessen-

ing water loss. The disadvantage is that reflecting light can 

decrease photosynthesis. 

Starvation occurs when respiration rate exceeds photo-

synthesis. Heat-adapted plants have much higher tempera-

ture compensation points. Adapted plants may also have 

more efficient photosynthesis at high temperature due to the 

greater thermal stability of CAM photosynthesis. 

Tropical rainforests are hot, but this environment is less 

of a challenge, as humidity is high, and shading helps pre-

vent excessive heat build-up. 

Like freezing resistance, plants learn how to microman-

age themselves to accommodate hot weather. Plant tissues 

sense temperature and induce a variety of intracellular 

chemical and physiological changes to improve heat toler-

ance.  

 

Whether from pest, disease, or adverse environmental 

conditions, stress takes its toll. Plants learn from the experi-

ence and pass their knowledge and acquired immunities to 

their seedlings. Whence plant evolution proceeds. 

 Strategies  
Plants can be quite strategic. ~ American ecologist Lars He-

din 

Plants have strategies to further their own growth, fend 

off predators and parasites, heal wounds, and establish ter-

ritories. 

Growth and defense are energetically conflicting goals. 

Defense against predation is essential only at certain times.  
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Spending energy on defensive measures limits growth po-

tential, but defensive strength cannot be suddenly amassed. 

So, the trade-off between growth and defense requires an en-

ergy budget. At the physical level, hormones that control 

growth, termed gibberellins, and those that muster defense, 

termed jasmonates, conference to decide how to allocate the 

plant's energy resources. These hormones are merely physi-

cal correlates to the mental and life-energy gyre (lengyre) in 

respectively deciding and effecting strategies. 

Plants have to prioritize. ~ Chinese botanist Sheng Yang He 

 

The forgoing withstanding, some plants are invigorated 

from suffering hard times: rebounding with vigor. 

Plants can benefit from being eaten because they respond by 
overcompensating, ultimately achieving greater fitness.  
~ American biologists Ken Paige & Thomas Whitham 

Scarlet gilia is American western wildflower which grows 

steadily from seed. Scarlet gilia stands tall among sagebrush 

on mountainsides, its brilliant red trumpet flowers blazing. 

Anything that doesn't kill it makes it stronger. There are 

other plants like it, including some mustards. 

Most plants respond to damage with a process called en-

doreduplication, in which a cell duplicates its genome with-

out splitting into 2. Endoreduplication gives a plant larger 

cells with more energy factories (mitochondria). Many dam-

aged plants go for minimal levels of endoreduplication, but 

overcompensators go into overdrive with the process. 

In practice, defense and regrowth actually go hand-in-hand 
because the genetics of defense and regrowth are similar; like it 
or not, theory be darned. ~ American biologist Josh Banta 

 Growth  

A seed germinates to produce a shoot, which progresses 

through a juvenile phase to grow into an adult. Then it is 

time to bring forth the next generation. 

Vegetative phase changes are prompted by a sweet sense 

of certainty. The level of sugar provided by photosynthesis 
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signals to a plant its growth status and triggers developmen-

tal changes. 

Plants have evolved complex sensory and regulatory systems 
that allow them to modulate their growth in response to ever-
changing conditions. ~ Daniel Chamovitz 

Growth is a decision-laden process. A plant must decide 

how best to allocate its resources amid an incredible diversity 

of options: root, stem, leaf, or bark growth. 

Learning the lay of the land, plants get more ambitious 

as they grow. In the maturation process, tentative small 

branches and leaves are forsaken for larger constructions. A 

plant grows surer of itself as it grows. 

Plants in dense vegetation perceive their neighbors primarily 
through changes in light quality. ~ Dutch botanist Mieke de 
Wit et al 

Plants know that competition is approaching based on the 

precise color of the light that reaches their leaves. In re-

sponse they accelerate their growth. The closer the competi-

tion comes, the harder a plant pushes itself to get high. 

Plants adapt their growth and development to changes in the 
environment, as well as exhibit considerable plasticity in their 
functional response. Plant fitness depends on plasticity.  
~ Dutch biologist Ben Scheres & Dutch terrestrial ecologist 
Wim van der Putten 

 Cells  

Plant cell-wall growth is the underlying mechanism by which 
really small seedlings can grow to really large trees. It's the cel-
lular basis for the way leaves expand. ~ American biologist 
Daniel Cosgrove 

Animals and their cells are typically motile. In contrast, 

plant cells are immobile. Plant development and growth de-

pend upon cell expansion rather than cell migration. 

Cell expansion is a basic aspect of plant growth. Its rate 

and direction are dynamically regulated, adapting to per-

ceived internal and environmental conditions.  

Growth occurs when water moves into a cell and inflates it. 
The speed of most growth responses is determined by the rate 
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of water movement in a tissue. ~ American botanist Wendy 
Silk 

The scaffolding for a plant cell is provided by its cytoskel-

eton, which comprises an array of tubule protein fibers (mi-

crotubules). Along with structural support, microtubules 

guide oriented deposition of cell wall components.  

Along with augmentation, microtubular arrays move dur-

ing cell growth in the expansion direction, which is deter-

mined by exposure to blue light.  

To maintain appropriate cell expansion, plant cells fine-

tune signaling pathways. This is an ongoing interpretive ex-

ercise, based upon an extensive information network. 

To properly distribute nutrients and other needed mole-

cules, the contents of plants cells are continuously mixed. Cy-

toplasmic streaming – the directed flow of cytosol through 

plant cells – is the distribution process. 

The stirring of cytosol is achieved by the motor protein 

myosin XI. Molecular motors like myosin can move the sur-

face of a specific substrate. 

Myosin XI slides along actin filaments in the cell's skele-

ton. The velocity of myosin XI movement determines the rate 

of cytoplasmic streaming, which ordains how quickly plant 

cells can expand.  

The pace of plant cell expansion is a key determinant in 

plant size. Accordingly, the tempo of myosin XI is a critical 

factor in plant growth rate, and limits how large a plant may 

become. 

 Auxin  

Auxin regulates nearly all aspects of plant development and 
behavior and impinges on a great variety of responses involving 
cell polarization, expansion, division and differentiation.  
~ Chinese botanist Tongda Xu et al 

Auxin is a class of hormones that are instrumental in co-

ordinating plant development processes. The local concentra-

tion of auxin affects the growth direction of stems, roots, and 

shoots. Growth goes where auxin flows.  
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In sensing gravity, plants literally know what's up. With 

proper gravitas, auxin directs tree branches to grow at a spe-

cific angle.  

Auxin also factors in the ripening of fruit, the clinging of 

climbers, and numerous other behaviors. Auxin works epige-

netically in being instrumental to selectively activating 

genes. 

 Leaves  

Leaves originate from stem cells located at the 
shoot apical meristem. The meristem is shielded 
from the environment by older leaves. Light acts as 
a morphogenic signal that controls leaf initiation 
and stabilizes leaf positioning. ~ Japanese botanist 
Saiko Yoshida et al 

Leaf shape arises through feedback between early 
patterns of oriented growth and tissue deformation. 
~ English botanist Enrico Coen 

Photosynthetic leaves may appear in a vari-

ety of sizes, determined by risk analysis related 

to available resources. Growth and maintenance follow a re-

turn-on-investment model: how much to invest given poten-

tial returns. 

Because chlorophyll absorbs the red light in sunshine, 

light that passes through a leaf is enriched in the far-red end 

of the light spectrum. Many plants sense this spectral quality 

and use it to change their growth pattern. Shade avoidance 

results in longer, thinner stems, reduced leaf production, and 

positioning to put new leaves into the brightest possible 

place.  

The recyclable chemical contents of a leaf are taken back 

into the plant if the leaf is not earning enough energy return. 

This happens to leaves in the shade, or when a leaf is aged 

enough that estimated cost of repair outweighs potential re-

turn.  

A leaf shrivels and browns during the investment recall 

process and is discarded when that process completes. In con-

trast, autumn leaves that turn yellow and red are loaded 



380 Spokes 2: The Web of Life  

with protective chemicals and dropped as winter prepara-

tion: to safeguard a tree and its seedling offspring. 

Photoperiodism is the term for plant responses to changes 

in the length of days and nights. Photoperiodism affects 

many plant processes, including bud dormancy and the for-

mation of storage organs. The timing of flowering is typically 

a photoperiodic phenomenon. 

A flowering plant generates many different organs, such 

as leaves, petals, and stamens. Each organ has its own spe-

cific shape and function, yet all emerge from a common cellu-

lar base. This is possible because of intricate maps that orient 

growth and make decisions based upon voluminous infor-

mation about a plant's state and external environmental con-

ditions.  

Roots typically provide a plant with its water supply. In 

species that live in areas that are foggy but dry, leaves assist 

water uptake. The leaves of montane cloud forest trees – con-

stantly bathed in moisture-rich clouds – also soak in water, 

especially during the annual dry season, when there are 

clouds but little rain.  

 Roots  

A root is a complex assemblage. Besides sensing its envi-

ronment, including humidity, light level, gravity, oxygen, 

and nutrients, a root cap protects the root as it navigates 

through the soil. Behind this is the 

meristem, a region of rapidly grow-

ing cells. A root consolidates and 

processes the information it has in 

the transition zone, deciding how to 

proceed. The transition zone 

houses the mind of a root. Cells in 

the elongation zone grow in length, 

letting a root extend and bend. 

Growing roots show complex patterns of behaviour such as 
decision-making, sensory-motoric circuits, search and escape 
movements, as well as self–non-self and kin recognition.  
~ German botanist František Baluška et al 

Root 
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Plants develop extremely complex root systems which colo-
nize large soil areas. Growing roots show coordinated group 
behaviour that allows them to exploit the soil resources opti-
mally. Roots enjoy a rich 'social' life at the individual plant level 
and they continuously solve cognitive problems. ~ botanists 
František Baluška, Simcha Lev-Yadun, & Stefano Mancuso 

Each root tip has an independent intelligence, with a 

memory of its life experience. Ongoing electrical and chemi-

cal communication among root apices provide for a swarm in-

telligence network, affording collective decision-making that 

coordinates navigation and growth patterns, as well as wag-

ing territorial war against rival root systems. 

 

Plants require 15 essential elements. All but a few are 

obtained as ions dissolved in soil water.  

Many of these elemental nutrients are required in minute 

quantities. Even so, their absence limits growth. For exam-

ple, peat soils are wholly organic. Their lack of mineral re-

serve is most telling in inducing copper deficiency. 

For most soils, the 2 elements that most bound plant per-

formance are nitrogen and phosphorus. 

Plants actively cultivate and then extract nutrients from sym-
biotic microbes. ~ American botanist James White Jr. 

Almost all the nitrogen in soil is recycled. Its initial de-

posit is from dead organisms. To be usable by plants, nitro-

gen must be mineralized: turned from organic into inorganic 

form. This work is done by decomposers, whose performance 

depends upon soil conditions. 

Whereas the nitrogen problem is one of availability, not 

scarcity, phosphorus presents an obverse challenge. Phos-

phorus is a rare element. If available, its uptake by roots is 

relatively uneventful.  

Rocks contain less than 1% phosphorus, yet their weath-

ering is the primary natural source of introducing phosphate 

into organically usable form. 

Like nitrogen, most phosphorus is recycled in the sub-

strate where life exists, whether in the water or on land. 
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Phosphate (PO4
3–) is the biologically employed form of phos-

phorus. Whereas phosphate quickly moves through plants 

and animals, the phosphorus cycle moves very slowly in the 

ocean and soil. 

 Rhizosphere  

The realm of soil under plant management is the rhizo-

sphere. Plants can alter soil conditions in many ways. Plants 

make decisions as to what actions to take, depending upon 

their needs and perceived possibilities. 

Dropping pH affords some increase in nutrient uptake, 

particularly phosphorus and nitrogen. This stratagem works 

by altering the ion balances in the rhizosphere.  

To snag phosphorous, fava beans rapidly acidify their rhi-

zosphere. They can drop pH 2 points in 6 hours.  

Iron-deficient plants secrete siderophores: compounds 

which chelate iron and render it soluble. Microflora also have 

this knack. It may be that plant siderophores are meant 

mostly as an invitation to microbes, by providing an environ-

ment conducive to iron absorption, as microflora are much 

more efficient at providing soluble iron which plants can ab-

sorb. 

To greatest effect, plants generally follow the adage of "a 

friend in need is a friend indeed," by turning their rhi-

zopheres into havens for the fungi and bacteria that can as-

sist them in elemental nutrient uptake, by breaking minerals 

down into absorbable form. This often involves feeding the 

microflora: exuding sugary metabolites as solicitation and as 

payment for work well done. 

Facing a deficiency of soil-based resources, a plant shifts 

its growth pattern, favoring root over shoot. Since nutrient 

uptake depends largely upon the geometry of the root system, 

the greatest probable return-on-investment (ROI) comes 

from maximizing root length. This favors fine roots, since 

they achieve the greatest root length for given weight and can 

be quickly extended.  

The problem is more complex than simply spreading out. 

The root topology problem comes in architecting a root sys-

tem that optimizes coverage without introducing competition 
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between old roots and new and do so with minimal invest-

ment while maximizing ROI. Plants solve this 3-dimensional 

graphing conundrum with aplomb.  

Certain branching patterns are more expensive to con-

struct but are more efficient at exploring soil. A fractal her-

ringbone pattern consists of axis roots with finer laterals 

running from the axis, in successive iterations.  

Thicker axis roots come at a greater cost than finer ones. 

But the extensions from such fractal herringbone links are 

not proximate, and so do not compete for nutrient ions. 

Roots scrounging for nutrients brings home the favorable 

economics of outsourcing. Symbiotic fungi (mycorrhiza) are 

much more efficient producers of inorganic supplies. For a 

given investment of resources, fungal filaments (hyphae) are 

at least 100 times more efficient than building roots; hence 

the widespread employment of certain fungi by plants. 

Another issue is patchiness. Available sunlight is a gra-

dient. Suboptimal return from leaves in the shade is over-

come by shoot growth to take the leaves to a sunnier spot, or 

abandonment of the endeavor there, if the prospect for better 

light in the immediate vicinity is dim. 

In contrast, soil often has a decided heterogeneity of bar-

ren areas and nutrient hotspots. When roots encounter a nu-

trient-rich patch, they intuitively proliferate.  

Not all plants are so exacting in their extracting. The spe-

cies that vigorously respond to nutrient-rich areas with pre-

cise root placement are small and slow-growing. Those that 

largely ignore fertile clumps and protrude roots more single-

mindedly are large, fast growing, and highly competitive. 

Their strategy is to cover ground and crowd out any potential 

competitors. 

The economics of root proliferation to exploit fertile spots 

is complex. To be advantageous, nutrient uptake from in-

creased root density has to justify the cost of new roots. 

If a rich patch taps out quickly, a small gain is had at the 

cost of maintaining roots there. Fine roots are easily forgone 

as a small investment. 
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The thicker the roots, the less likely that 

their construction cost will be recouped if po-

tential return has been misjudged. Coarse-

rooted plant species are less enthused about 

exploiting nutrient hotspots than species 

adept at fine rooting. Across global biomes, 

plants have consistently evolved thinner roots 

to improve their productivity. 

Plants evolving thinner roots enabled them to markedly 
improve their efficiency of soil exploration per unit of carbon 
invested and to reduce their dependence on symbiotic 
mycorrhizal fungi. ~ Chinese botanist Zeqing Ma et al 

Plants alter the spatial distribution of their roots based 

upon resource patchiness and competition from other plants; 

decisions based upon reward/risk analysis.  

Roots are very adaptive at modifying growth throughout the 
root system to concentrate their efforts in the areas that are the 
most profitable. ~ English botanist Angela Hodge 

 Kwongan Root Strategies  

Kwongan is an arid biome in southwestern Australia. De-

spite having some of the most infertile soils in the world, this 

bushland has exceptionally rich plant biodiversity. 

Plants that grow in land with infertile soil all adopt the 

same aboveground strategy: producing tough leaves that sur-

vive for years. Below ground is a much different story. 

The root systems of Kwongan plants adopt divergent 

strategies for obtaining needed nutrients. Some form symbi-

otic relations with fungi or bacteria. Others capture insects 

and digest them. A sizeable number of species exude metab-

olites that increase nutrient availability from the impover-

ished soil. 

Plants living next to one another can use completely different 
strategies and have just as much success. ~ Canadian plant 
ecologist Etienne Laliberté 
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 Seasonal Sense  

Different plant parts and growth facets operate on differ-

ently timed cycles. Plants have several types of biological 

clocks, related to circadian cycles and rhythmical processes. 

This lets them anticipate environmental and biological 

events that occur at precise times of the day. Photosynthesis, 

fragrance emission, and blooming are all time regulated. 

Plants in a community often bloom at the same time to opti-

mize the benefits of interbreeding. 

A fungal pathogen attacks a rockcress plant, giving it a 

downy mildew disease: weakening the plant, and giving it a 

fuzzy mildew coating. The pathogen forms spores at night, 

releasing them at dawn.  

Rockcress fights the pathogen by immunizing itself from 

the evening onward, with peak resistance at dawn. During 

the day, the genes that express protection are inactive. 

Numerous plant processes are seasonally symphonic. 

Tree leaves fall at the same time as buds go dormant, cambial 

activity (cell growth) decreases, while contemporaneously 

preparation for cold tolerance steps up.  

Yet the bioclocks involved in these seemingly synchro-

nous activities may be quite different, or responses stag-

gered. Bud dormancy is triggered by shortening days, as 

perceived earlier by the phytochrome in leaves, and pattern 

recognized.  

Leaves fall after considerable preparation: retrieving re-

cyclable nutrients and loading them with secondary metabo-

lites. Cambial activity is regulated by a complex confluence 

of resource availability and perceived environmental condi-

tions, which are synchronized with and summarized by bio-

clock indications. 

Chemical reactions are highly temperature dependent. 

Chemical reaction rate doubles with a 10 °C increase in tem-

perature. Plants compensate accordingly: planning their ac-

tivities and metabolite productions based upon anticipated 

weather patterns. 

Temperatures just above freezing (0–5 °C) typically re-

tard plants' biological clocks for the duration of cold exposure. 

After prolonged chill, warming resets clocks. 
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 Flowering  

The transition to flowering is complex and involves the con-
vergence of multiple signals. ~ Swedish botanist Jonas Dan-
ielson & German botanist Wolf Frommer 

For an angiosperm, flowering largely determines a plant's 

reproductive success. Multiple criteria must be met for a 

plant to decide to flower. Unless and until a plant feels that 

it is healthy and ready, it will not attempt flowering.  

Many flowering plants do not produce blooms until they 

have experienced the cold of winter – a condition called ver-

nalization. Winter wheat and various fruit trees, including 

cherry, peach, and orange, are exemplary. Biennial plants, 

such as sugar beet, cabbage, celery, and carrots, need chilling 

for 2nd-year flowering buds to develop.  

The chilling experience is registered epigenetically. Ver-

nalization is but one example of innumerable instances 

where plants keep track of events and remember the rhythms 

of their environment. Vernalization also exemplifies the in-

nate wisdom in plants to conserve their resources until they 

understand their situation. Experience confers confidence. 

 Defenses  

Because plants cannot run away from danger, they have 
evolved defenses against pathogens and herbivores that rival, 
and even exceed, the sophistication of many animal immune 
systems. ~ American ethologist Andrew Zink & Chinese bota-
nist Zheng-Hui He 

Plants possess a repertoire of defenses and healing reme-

dies. Plants make carefully determinative decisions about in-

vesting in defense instead of growth. 

Plants respond to their environment with potent defenses.  
~ American biologist John Orrock 

By recognizing signature molecules of microbial malevo-

lence, plants are actively aware of an infection and con-

sciously decide how to deal with it. Among other options, they 

might decide to sacrifice a region around the infected area to 

prevent its spread. 
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Plants have an innate ability to recognise potentially harmful 
bacteria and launch an immune response. ~ French botanist 
Cyril Zipfel 

Infection stresses a plant. This triggers a sophisticated 

series of defense mechanisms, stimulating various hormones 

that trigger alterations in gene expression networks. 

Plants can actively create an ecology of assistance from 

their own and other species. Certain bacteria that live at the 

root of a plant may warn of an impending attack, suggesting 

to the plant to close its leaf stomata. These pores not only 

provide an opening for air and water, but also pathogens on 

the prowl. Helpful bacteria use the plant's signaling path-

ways from root to shoot to alert a plant that tiny trouble is 

afoot. The plant conveys its thanks by cultivating more of the 

sentinel bacteria, at least until the crisis passes. 

 Wounds  

Plants respond within minutes to stresses such as wounding 
with both local and system-wide reactions that prime nondam-
aged regions to mount defenses. ~ Japanese molecular biolo-
gist Masatsugu Toyota et al 

In a world with marauding animals, plants wounds are 

unavoidable. Treading and grazing by beasts brings a bar-

baric beating. 

Damaged and dying cells are more easily colonized by 

pathogenic microbes than healthy cells. An open wound pro-

vides a point of entry. 

Wounding sparks production of reactive oxygen species: 

the same weapon that animal immune systems use to kill in-

vaders. A wounded plant then seals the wound with lignin or 

another hydrophobic polymer. 

Further protection is provided by producing polyphenols 

in punked cells. A polyphenol is a cross-linked phenolic com-

pound, synthesized when a cell is exposed to an oxidizing en-

vironment, which does not occur unless the cell wall has been 

breached.  

Plant polyphenols act as an antiseptic. The browning of 

bruised apples or potatoes comes from polyphenol produc-

tion. 
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Plants engage various repair systems and initiate chemi-

cal responses to thwart further damage. Signaling molecules 

course through roots, stalks, and limbs, rallying cellular 

troops: the genome is enlisted to manufacture defense-re-

lated proteins.  

 Border Building  
Besides the pure play of producing localized poison, an 

arrow in the quiver of plant defense is a sacrifice gambit. 

Plants fight diseases by programmed cell suicide in the im-

mediate area of invasion, to starve and poison the pathogen. 

Cell death prevents infestation by biotrophic pathogens, 

which require living cells to establish a successful colony.  

Plants will load dying cells with high concentrations of 

antimicrobial compounds, building a poisonous border to 

healthy tissue. This dead-cell border also prevents the sym-

plastic spread of effector molecules or toxins introduced by 

the pathogen to further its invasion. 

 Self-Protection  

Plants are winning mostly. Insects are always trying to catch 
up. ~ American entomologist Mark Mesche 

They are not called bugs for nothing. Insects pester plants 

more than any other animal. A plant often outsmarts its 6-

legged opponent, sometimes with considerable cunning. 

Goldenrods deterring egg-laying on their leaves by gallflies, 

their nemesis, through specialized toxins, is one of many such 

examples. 

 Inciting Cannibalism  

At the end of the day, somebody gets eaten. ~ John Orrock 

When the supply of their favorite vegetable is running 

low, herbivorous insects start eating their competition. 

Plants know this and produce metabolites that engender 

pest-on-pest predation. 

From the plant's perspective, this is a pretty sweet outcome; 

turning herbivores on each other. ~ John Orrock 
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When being unrelentingly attacked by caterpillars, to-

mato plants produce a compound that induces the pests to 

lay off their leaves and turn into cannibals. The cost to the 

plant of mounting this defense is considerable, but it is much 

better than being eaten alive. 

Plants strike a balance and decide if the attack is serious 

enough to activate the defenses. ~ John Orrock 

 Beetle Juice  

Symbionts can influence plant–insect interactions. ~ Korean 
American entomologist Seung Ho Chung et al 

A plant can tell what is eating at it. The defense against 

gnawing insects proceeds along a pathway that creates chem-

icals to stop the digestion and growth of the pest.  

This pathway is mediated by jasmonic acid. If attacked by 

a microbe, a different, mutually exclusive pathway is em-

ployed which is mediated by salicylic acid.  

Potato bug larvae have friends that get them past the 

plant defense system. Before chowing down on a potato or to-

mato plant, bug gut bacteria are brought up to fool the plant 

as to what is going on. 

These beetles don't have salivary glands. They regurgi-

tate some stomach contents onto leaves to begin digestion. 

These secretions have the bacterial tricksters. 

The bacteria make the plant think it is being attacked by 

microbes instead of an insect. While some symbionts are sac-

rificed in the deception, the beetle dines and keeps the micro-

biome within well-fed. 

 

Plants have strategies to preemptively protect them-

selves, and to do so efficiently. Several of these strategies are 

contemplated decisions to wisely use resources and protect 

against predators. 

Plants tightly control the onset and amplitude of potent im-
mune responses to pathogens for optimal growth and develop-
ment. ~ American botanist Walter Gassmann et al 
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To avoid predators on the ground, the Australian brush-

tail possum lives in the trees. Eucalyptus leaves are a main-

stay of the possum's diet.  

Once a tree realizes that its leaves are being munched, it 

quickly pumps eucalyptol, a possum preventative, into its 

leaves, to get the possum to forage somewhere else. Eucalyp-

tol also acts as an insecticide. A eucalyptus tree controls its 

production and application of eucalyptol to meet its needs. 

Many plants have subtle mechanisms that promote pro-

duction of protective secondary metabolites only when 

needed. They know what time it is, and the time of day that 

common pests rouse themselves to bring ruin. In anticipa-

tion, plants ramp their defenses in likely locations of assault.  

New leaves begin to grow only when stimulated by light: 

the prospect of profit. The setup involves a subtle subterfuge. 

The region at the top of the plant where new leaves 

emerge (the shoot apical meristem) is sheltered by existing 

leaves. The covering hides the new shoots from predation by 

herbivores, as this new growth has yet to develop its own 

chemical protection. Plant development is a timed invest-

ment, intelligently made in concert with proper conditions. 

Once they appear, the chemically unprotected shoots and 

leaves of early spring are highly prized by herbivores. Be-

sides hiding behind veteran leaves, some plants color new 

growth in ways that disguise its digestibility. Plants some-

how understand the inner workings of the vision system of 

herbivores. 

Roots, particularly those subject to subterranean grazing 

by parasitic fungi and bacteria, commonly contain the high-

est concentrations of metabolites designed to ward off micro-

bial predation. It is no coincidence that ancient Greek 

herbalists, who knew where the metabolite medicines were 

stored, were called "root diggers." 

Variations in the distribution of secondary compounds ex-

tend beyond anatomy and season. Plants are aware of pred-

ators.  

After gypsy moths have defoliated oak trees, new leaves 

emerge with a higher tannin concentration. Tannin mole-

cules bind with plant tissue proteins, rendering otherwise 

tasty bits indigestible to plant-eating insects. Such leaves are 
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also tougher, with lower water content. The combination re-

tards development of gypsy moth caterpillars and the growth 

of adults. 

Besides inciting local defense responses, wounding pro-

vokes plant-wide resistance to further herbivore attack. A 

plant increases production of protease inhibitors that resist 

insect proteases, and so thwart predator digestion. Proteases 

are enzymes used by all organisms to facilitate digestion, 

particularly breaking apart the peptide bonds that hold pro-

teins together. 

Potato plants damaged by insects ramp the making of 

protease inhibitors and other chemicals that disrupt predator 

digestion and stunts its growth. The first damaged leaf sig-

nals others to crank up protection production. 

Plants determine who is attacking them. They're even capa-
ble of distinguishing between a native and an exotic herbivore. 
~ Dutch botanist Nicole van Dam 

 Calling for Help  

Plants respond to insect herbivory with the production of vol-
atiles that attract carnivorous enemies of the herbivores, a phe-
nomenon called indirect defence or 'plants crying for help'.  
~ Dutch entomologist Marcel Dicke 

Sitka willow leaves ravaged by insects lower their nutri-

tional value to dissuade further savaging. The tale of the at-

tack is passed to other willows, who respond likewise.  

Numerous plants ring warning bells for other species as 

well. Sage releases methyl jasmonate, a volatile compound, 

when its leaves are crushed. This cue stimulates nearby to-

mato plants to produce protease inhibitors that grapple 

against grazing insects. 

When wounded, some plants scream for help; not just to 

other plants, but also to insects. The enemy of my enemy is 

my friend.  

When caterpillars or mites bite into stems or leaves, an 

attacked plant oozes an aroma that acts as a dinner invita-

tion to the insects that prey on the attackers. Responders 

flock to the attacked plant to dine on what's eating the plant.  
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Plants being chewed on by beet armyworms waft volatiles 

that call to wasps which parasitize armyworm larvae. The 

call for help with secondary metabolites is not always an un-

alloyed success.  

During daylight hours, beet armyworms assiduously 

avoid a plant that is fuming mad over being munched. The 

risk of parasitization is too great. But the scent of plant out-

rage invokes a different response at night. If not already 

munching away, armyworms march to a tasty plant in dire 

straits, as wasps don't work the night shift. 

Egyptian cotton leafworm caterpillars clamber to a corn 

plant crying for help. When these leafworm caterpillars drop 

from a plant they become vulnerable to predators and patho-

gens in the soil, as well as starvation. Competition may be 

more intense, but the corn SOS scent is a reliable signal of a 

plant they know they can feed on. Meanwhile, adult 

leafworm moths can flit to where they like, so they avoid 

maize that is being mangled, as there are easier pickings 

elsewhere. 

Spore-producing ferns predate seed plants. They do not 

call for help when attacked by herbivores. But they could. 

Ferns have the metabolites. They just don't put them out in 

a volatile form that signals others. Instead, ferns keep their 

herbivore repellent within. Such reserve has been successful. 

Ferns, still abundant today, have been around for 400 million 

years. 

 Tobacco's Defense  

Plants selectively respond to an attack, making consid-

ered decisions to bring about the most favorable outcome. To-

bacco plants decide what to do based on what is attacking 

them. If a tobacco plant is assaulted by hornworm caterpil-

lars, it immediately synthesizes deterrents at the attack site, 

then in more distant parts of the plant, as a preemptive 

measure against further threat. 

An attack trigger releases a first set of compounds that 

persuade the caterpillar not to lay eggs. A different metabo-

lite release calls for the aid of parasitic wasps that lay their 
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eggs on hornworm caterpillars.* The wasp larvae hatch and 

eat the hornworm caterpillars in short order. 

If something other than a hornworm is attacking, a to-

bacco plant produces nicotine, a nasty alkaloid.  

Nicotine is made in the roots and carried to the leaves. 

This allows a systemic defense to be mounted even after most 

of the upper parts of the plant have been eaten. 

For 2 reasons, tobacco plants do not bother with nicotine 

against hornworms. 1st, nicotine wards off the parasitic 

wasps needed to hamper hornworm eggs. 2nd, hornworm 

caterpillars more than tolerate nicotine: they store it, to 

preclude their own demise by predators that would otherwise 

find them tasty. 

 The Timing of Fruit  

Fruits bear the seeds of the next generation. These are 

irresistible treats to animal agents who spread a plant's prog-

eny as a time-released activity. Species survival depends 

upon protection until the seeds are ready to be dispersed. 

Signaled by the ripe red of cherries and other berries, 

birds feast, and then release the seeds far from the parent 

plant. The bright pigmentation tells the birds that the time 

has arrived for them to eat fruit.  

During its preparation, berry fruit remains hard, green, 

and starchy; often laden with astringent or bitter compounds, 

and thus protected against pathogenic microbes and hungry 

herbivores. Though red holly berries have high levels of bitter 

tannins that inhibit insects, the compound does not deter 

birds and squirrels from consuming the fruit and dispersing 

the seeds. These plants know the fine line between inhibiting 

pests and soliciting assistance. 

 

Several plants plant a time bomb for pests. Armyworms, 

the caterpillar of a phalaenid moth, are fond of daisies. As a 

countermeasure, daisy leaves are laced with polyacetylenes: 

 
* Geocoris pallens are the parasitic wasps that lay their eggs on 

hornworm caterpillars. 
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highly electrically conducting compounds that become toxic 

when exposed to sunlight.  

Once a worm has digested laced leaves, the polyacetylene 

within travels to the worm's surface tissues, catches some UV 

rays, and turns lethal. The armyworm quickly shrivels up 

and dies. 

While the armyworm lacks armor to protect itself from 

the daisy bomb, "leaf-rollers" blanket themselves from poi-

soning. Leaf-rollers is a colloquial name for various moth cat-

erpillars, weevils, and wasps that have a strategic 

counterplan to photosensitive plant bombs. They shape a leaf 

into a shelter, letting them munch in the shade of their pro-

tective pocket, out of the Sun, and out of sight from potential 

predators. 

Insects have adapted various ways around plant de-

fenses. Sucking insects, such as cicadas and leafhoppers, tap 

directly into the cells conducting succulent water and sugary 

sap. Aphids punch past leaf epidermis laden with secondary 

compounds, and so precisely dine on the fine juices within.  

Other insects feed exclusively on nutrient-rich seeds: a 

source of proteins and fats, and a luxurious diet for many in-

sect larvae. 

While some insects feed on a variety of plants, many spe-

cialize, identifying favorites by their individual chemistry. 

The secondary compounds designed to act as a deterrent in-

stead provide an olfactory signal of specificity.  

Polyphagous feeders must adapt to digest various com-

pounds from the different plants they eat, while picky oli-

gophagous eaters have adaptively adjusted only to their 

selected species. Insects adaptively handle the toxins by ei-

ther disarming them or becoming tolerant to their effects. As 

with hornworms, some insects employ plant secondary com-

pounds for their own defense, themselves becoming toxic to 

their predators simply by eating well. 

 Immune Systems  

Being able to distinguish oneself from others is a funda-

mental requirement of any immune system. Every plant cell 

safeguards itself with an immune system. 
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Plants are constantly interpreting microbial signals from 
potential pathogens and potential commensals or mutualists. 
Because plants have no circulating cells dedicated to this task, 
every plant cell must recognize any microbe as friend, foe, or 
irrelevant bystander. That tall order is mediated by an innate 
immune system. ~ American biologists Jeffery Dangl & Marc 
Nishimura 

Plants have pattern-recognition receptors, both outside 

and within cells, that act as sentries. These receptors indi-

vidually recognize various viruses, bacteria, fungi, oömy-

cetes, and insects.  

Plant guardian proteins are even more diligent defenders 

when teamed together, which they do. Immunity is a coordi-

nated system. 

Plants carry extremely diverse and dynamic repertoires of 
immune receptors that are interconnected in complex ways.  
~ Tunisian botanist Sophien Kamoun et al 

New defense proteins proliferate at a faster rate than any 

other adaptive response that plants have. Plant safety re-

quires a vigilant watch against a profuse number of enemies 

that keep trying new tactics.  

Plant pathogens pursue 1 of 2 strategies. One kills cells 

and harvests the remains for food. The other is parasitic: set-

ting up housekeeping and reaping regular meals. 

A plant has distinct defenses for each type of infection. 

Cell killers (necrotrophs) are treated with jasmonic acid 

while the plant does what it can to keep cells alive. Con-

versely, a plant tries to kill cells infected with parasites (bio-

trophs). 

These different responses are contrary, and so must be 

judiciously applied. Plants have feedback systems to care-

fully calibrate appropriate responses. 

Via adaptive experience, plants learn how to resist vari-

ous invasions. Some pathogens manage to outsmart plants 

by hijacking the very pathways that plants use to protect 

themselves. 
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 Damn Spots  

Phytopathogens can manipulate plant hormone signaling to 
access nutrients and counteract defense responses. ~ Chinese 
botanist Xiao-yu Zheng et al 

Pseudomonas syringae is bacterial pathogen that pro-

duces brown leaf spots in over 50 different plants. The brown 

spot bacterium is a biotroph but fools a plant into thinking it 

is a nectrotroph.  

Pseudomonas produces coronatine, which mimics 

jasmonic acid, and initiates a cascade of molecular activity 

that mimics a necrotrophic invasion. The plant responds by 

lowering salicylic acid production to keep the cell alive. Nor-

mally, salicylic acid is involved in closing stomata, and acts 

an essential signal for the cell-killing defense that would be 

most effective against a biotroph.  

By confusing the plant and jamming signals, Pseudomo-

nas keeps the stomata open for further infestation. Mean-

while, it has free rein to reproduce in extracellular spaces. 

 Viruses  

Plant viruses present a mixed picture. Though little is 

known of beneficial plant viruses, there are many.  

Helpful viruses may confer drought or heat tolerance. 

Grass that grows in the geyser field in Yellowstone park tol-

erates heat thanks to a virus that lives in a fungus with 

which the grass has a symbiotic relationship.  

There are 450 species of plant-pathogenic viruses which 

cause a wide range of diseases. Viruses are most virulent in-

vaders: stealthy pirates with chameleon qualities.  

Gaining arrows for their quiver, viruses accumulate RNA 

during their life cycle with the goal of improving their aim in 

hitting a chosen target while avoiding defenses thrown 

against it.  

Plants are often able to recover by using their wits. Those 

infected by viruses may produce new shoots free of viral dis-

ease symptoms.  

Unlike animals, Nature gives plants a 2nd chance. Acute 

animal viral infections either end in death or the virus being 

overwhelmed into defeat: a war where an animal immune 
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system throws everything it has and wins by smothering and 

flushing an invading virus from the system. 

 RNA Silencing  

Unlike animals, plants rid themselves of viruses through 

finesse. They do so by robbing a virus of replication ability: 

silencing the virus' thrust by silencing its RNA. RNA silenc-

ing signals are transmitted between cells and amplified as 

necessary in a dynamic self-regulated by feedback.  

RNA silencing has 3 qualities that make it an effective 

defense. 1st, the response is specific to the viral gene expres-

sion. It has no effect on host-encoded genetic material.  

2nd, a response may be amplified and attenuated as nec-

essary. The amplification ability makes it effective even 

against a rapidly replicating virus.  

3rd, the defense maneuver is independent of viral action. 

Plant signaling may move with or ahead of a virus. A virus 

cannot escape the effects of silencing by movement.  

A plant's fight against a virus is based upon intimate 

knowledge of how genetics works: the ability to willfully ma-

nipulate at the molecular level. Basically, a plant foils the 

weapons that a virus uses to invade. 

Viruses evolve various stratagems to counteract plant de-

fenses. The primary counter employs proteins which sup-

press RNA silencing.  

Various viruses independently developed different sup-

pression techniques. In several instances, the suppressors 

were previously employed by viruses for other uses. Viruses 

adapt the proteins for their new role. 

Viral response to attempted RNA silencing by plants is 

payback. Viral disease symptoms, especially stunting and ab-

normal development, are the handiwork of viral suppressor 

proteins. 

3 silencing pathways have been identified. All are of an 

ancient lineage in genetic knowledge. Each pathway is em-

ployed in animals, fungi, and plants. Other life forms either 

did not learn RNA silencing or lost the knowledge during 

their descent. Only plants employ all 3 as needed.  



398 Spokes 2: The Web of Life  

Mammals can only silence the activity of microRNA by 

DNA methylation and transcription suppression. That abil-

ity does not seem to be applied by mammals as a defense 

against viruses like it is in plants. 

 Movement  

Plant movements are basic processes that underlie all of plant 
physiology and growth. ~ American botanist Sarah Wyatt 

It is widely believed that plants don't behave because 

they don't move. But plants do move. 

The rock-rose Cistus grows near the coast in the Mediter-

ranean region. Pollinated by insects, the rock-rose could risk 

losing its pollen to blustering sea breezes. Instead, the rock-

rose holds its stamens clumped together. Pollen from the an-

thers are thus prevented from loss owing to the vagaries of 

the wind. When a pollinator lands on the flower, the stamens 

respond by opening within a second or 2. 

Many flowers have moving stamens which facilitate de-

livering a load of pollen to a pollinator. The stamens of a moss 

rose respond within seconds, turning toward the insect that 

has stimulated it. If both sides have been touched, the sta-

men remains stationary. 

The cornflower is typical of asters, in having stamens 

which responsively contract to expose the female stigma 

within. The stigma receives fertilizing pollen.  
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When stimulated, the anthers that normally hide the 

stigma draw back, exposing the tip of the stigma. This affords 

pollination from another cornflower while precluding the 

stigma from getting pollen from its own flower. A new supply 

of pollen is then provided to the visitor for the next cornflower 

it encounters. 

Many flowers have perfected pollen delivery by squeezing 

it out of the anthers onto an alighting insect. Trigger plants 

turn pollination into a serious contact sport: whacking an ar-

riving insect within 15 milliseconds with a dash of pollen de-

livered by the flower's reproductive organs. The pollinator is 

stunned but unhurt. 

Many plants have sexual movements. Moving female sex 

organs are common. 

The monkey-flower has a bloom in which the stigma is 

divided at its tip into 2 open lips. If either lip is touched, the 

2 lips close together, enfolding any pollen which may have 

been deposited. If the flower has been fertilized, the lips 

stayed close. Otherwise, the lips part. 

The stigma lips of a monkey-flower may take 10 seconds 

to close. In contrast, a cat's claw snaps its stigma shut within 

2–3 seconds. 

 Hopping Horsetail Legs  

Horsetail is a living fossil in being a vascular plant that 

reproduces by spores, when all its relations have since moved 

onto seeds. But the spores that horsetails sport are not ordi-

nary. Horsetail spores are especially uppity. They have hair-

like elaters: moisture-sensitive protrusions.  

These little legs are made of 2 layers. One is stiff. The 

other is a softer, sponge-like material that deflates when dry. 

Because the 2 layers are bonded, 1 layer shrinks when the 

humidity drops, but not the other. This causes a tension that 

results in a springy leap. 

Jumping up in the air lets a spore catch wind currents 

which may carry it considerable distances; a lively dispersal 

technique. Elaters are especially effective because winds of-

ten pick up with weather changes to lower humidity. 
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 Moss Spore Shoot  

Before vascular plants were bryophytes, which are the 

typical spore producers. While relatively primitive, they are 

not without their tricks. 

Mosses live low to the ground. Spore dispersal presents a 

problem.  

The first step to solution is to release the spores from 

stalks sticking up. Then sphagnum moss launches its spores 

with a twist: popping spores out in a roiling vortex ring that 

lifts them higher than any straightforward blast ever could.  

 Orchids  

Orchids have some of the most highly developed pollina-

tion movements, typically reliant upon an exquisite sense of 

touch. 

 Orchids have a characteristic special petal at the bottom 

of the flower: a labellum which acts as a landing platform for 

pollinating insects. In some orchids, the labellum rapidly 

folds down to entrap the insect. There is a visible opening 

which the pollinator struggles to get through; in the process 

delivering its previously gathered pollen to the orchid's 

stigma and picking up a fresh pollen coat on the way out. 

Many orchids mimic insects of interest, alluring them 

with a blossom lure. An Australian orchid, Drakaea, has a 

labellum that looks just a like a certain female wasp. 

Drakaea also emits the scent of that wasp. 

Male wasps try to mate with Drakaea blossoms. A label-

lum responds by pulling the amorous wasp in and slapping a 

sticky pollen packet on it. Any previously adhered pollen is 

collected by the stigma. The wasp gets nothing for its effort 

but frustration. 

 

The touch-me-not also quickly responds to tactile stimu-

lus, as does the rambling vine called cat's claw, which grows 

in the southern United States. Its cover of luxurious leaves 

hide long, prickly thorns. When touched, the leaves collapse, 

exposing its barbs. 
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Biophytum go one better. Sensing approach, they fold 

their leaves before an insect lands. 

 

Tropisms are plant movements in response to environ-

mental conditions. There are several tropisms besides photo-

tropism (light exposure) and photoperiodism (day length), 

including chemotropism (chemical) and gravitropism (grav-

ity).  

Thigmotropism is plant response to touching a solid ob-

ject. The plasma membranes of epidermal cells distort, creat-

ing a conduction of action potential through neighboring 

cells. Protein-based recognition results in calcium signaling, 

which eventuates in the appropriate response. The process 

resembles animals' sense of touch. 

Tendrils and vine stems, such as morning glories, coil 

when they come upon something. Thigmotropism allows 

vines to climb over other plants or obstacles, thus improving 

the prospect for peppy photosynthesis. 

 Creeping Dogwood  

Creeping dogwood is a slow-growing herbaceous sub-

shrub that forms a carpet-like mat. This dogwood is native to 

eastern Asia and northern North America.  

Each flower has 4 elastic petals that barely hold 4 cocked, 

filament stamens which protrude from the petals' embrace. 

When disturbed, the petals split apart, freeing the stamens. 

The filaments snap upward, flinging out pollen at high speed. 

Release takes less than a half millisecond. The pollen sack is 

flung at 2,400 times the force of gravity. The pollen burst 

sticks to whatever pollinator may be above it, or into the 

wind. 
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 Bladderworts  

Bladderworts are the smallest of carnivorous plants, and the 
most sophisticated. ~ Czech botanist Lubomír Adamec 

A water flea bumbles into a little cup in a 

bladderwort. A touch-sensitive hair-trigger 

opens a trapdoor, and the flea whooshes into 

the bladderwort's stomach. 

Bladderwort traps act as an elastic buckle. 

At just the right pressure, the domelike trap stays shut.  

A slight touch springs open a door into the trap, which 

closes in fractions of a second. No plant has a faster a me-

chanical mechanism. 

 Venus Flytraps  

A Venus flytrap sits with its jaw-

like leaves open. The leaves are lined 

on the edged with succulent sugary 

dewdrops. The V-shaped leaf ap-

pears to an insect to a be cushy pad 

within from which to suck the nec-

tar. 6 hairs sit on the pad; no note-

worthy inconvenience to the diner. 

A fly lands, or spider/ant/bee-

tle/grasshopper crawls in and starts 

to enjoy a meal. In its wandering 

about the leaf, the insect inadvert-

ently trips a single hair-trigger.  

Nothing seems to happen. But 

the plant takes note, setting a timer 

of 20 seconds – a test to see whether the trigger was some 

stray bit flying by, as opposed to a roving rube about to be-

come a feast. 

 If the intruding insect traipses over another hair within 

the 20 seconds, or toggles the same hair repeatedly, the meal 

ticket is made. The 2nd hair zap snaps the jaw leaves shut in 

a 1/10th of a second.  

When the trap is triggered, cells on the green outer sur-

faces of the leaves expand while the inner pink surfaces don't. 



 Plants 403 

Pressure rises as the outer surface pushes inward. The con-

vex leaves flip to a concave shape, slamming the trap shut in 

a process known as snap-buckling. 

The flytrap is a monarch of thigmonastic movement. The 

trap snapping entails a multifaceted interaction between tis-

sue turgor and elasticity, triggered by ionic action. 

Like many plant movements, the Venus flytrap hair-trig-

ger causes an electrical action potential that induces ionizing 

calcium channels. In this instance, sufficient ionization to 

trigger the trap requires 2 stimulations. If only 1 hair is trig-

gered, the ion-channel-based short-term memory dissipates. 

As a victim attempts to escape, it touches trigger hairs 

repeatedly. The flytrap keep count as a way to estimate prey 

size, and thereby know how much digestive juice is needed. 

The flytrap digests its meal over 10 days or so, then opens 

its jaws for the next victim. All that is left of the last meal is 

a chitin husk: the exoskeleton of the last diner cum dinner. 

Being trigger-happy does not mean being a sap. If some 

indigestible debris triggers closure, the plant realizes its mis-

take and rapidly opens again. Further, the secretion of diges-

tive enzymes is not initiated. 

Despite its name, a flytrap hardly eats flying insects, 

which make up only 5% of its intake. Ants = 33%, spiders = 

30%, beetles & grasshoppers = 10% each.  

Flying insects are, however, highly valued by the flytrap. 

Come time to propagate by pollination, a plant hoists a flow-

ering stem high above the killing fields of flytraps close to the 

ground. Flies, bees, and wasps are welcome to taste some nec-

tar and ferry pollen between flytrap plants. 

Flytraps take 4 to 5 years to reach maturity from seed 

and can live 20 to 30 years. 

This quick-draw tale comes with a reminder that the fly-

trap has no muscles, nor recognizable nervous system, nor 

identifiable intelligence system. Like its intent, the flytrap 

keeps its wiles well tucked away from inquisitive eyes and 

hungry flies. 

 

Nastic movements are provoked by environmental stimuli 

but are reasoned responses: independent of the direction of 
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the encountered stimuli. Nastic movements are accom-

plished by changes in water pressure in certain plant cells. 

 Shooting Seeds  

Nastic movement was an early adaptation, and it has nu-

merous variations.  

Spore-producing plants, including mosses, liverworts, 

and ferns, propel their spores into the air via mechanical mo-

tion triggered by moisture loss. This spreads spores away 

from the parent plant. 

Several flowering plants resort to explosive seed distribu-

tion. The conventional mode is a seedpod that is sprung 

against itself so that, as it dries, it gains torque stress: ready 

to burst at the slightest touch. The marsh geranium spreads 

seeds this way, as does the touch-me-not. 

The squirting cucumber goes one better. Pressure builds 

within as its fruits mature, until an entire fruit shoots away, 

with seeds blasting out from the stalk end at high speed. A 

squirting cucumber may propel its seeds up to 13 meters. 

As the squirting cucumber has self-contained seed disper-

sal, it most certainly does not want its fruit eaten. To that 

end the fruit is poisonous: loaded with a bitter, steroid-based 

poison: cucurbitacin. 

Many flowers employ a spring-loaded mechanism to 

launch seeds or dust a pollinator. The flowers of legumes, 

such as peas, beans, and alfalfa, hold their stamens between 

paired petals which form a keel at the base of the flower.  

The opening trigger requires just the right heft. Nothing 

happens if a tiny fly alights. But if a bee lands, the petals 

burst open. The stamens shoot upwards like an uncoiled 

spring, dusting the insect with pollen. 

This is unpleasant to pollinators. Many bees learn to 

avoid the experience by alighting on the side of the flower and 

sipping nectar by cautiously reaching between petals. 

Most mistletoe species produce sticky seeds which often 

adhere to birds, who scrape the seeds off when grooming. The 

dwarf mistletoe takes a different approach. The fruit of a 

dwarf mistletoe swells as the seeds within mature, until the 

fruit bursts, squirting seeds at 100 km/hr; fast enough to go 
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far enough to reach a neighboring tree, thus propagating the 

parasite. 

Even some seeds respond to humidity to get where they 

need to go. The storksbill plant launches seeds using a spring 

mechanism as its fruits dry. This is but the start of moisture-

based movement. Once a seed is on the ground, its spiral 

awns (slender bristles) coil and uncoil as humidity changes. 

This propels a seed across the ground until it encounters a 

crevice. Then its twisting movement screws the seed into the 

ground. A storksbill seed manages its own self-burial. 

 

Nyctinastic movements are responsive to the diurnal cycle 

(daily day & night cycle). Prayer plant leaves lay back during 

the day, then fold leaves upright for evening prayers. Leg-

umes also show such movement.  

Plants with leaves that take a vertical orientation in the 

dark are nyctinastic. Pulvinus cells, which afford growth-in-

dependent movement, accomplish the feat. 

Often, the time scale of plant movement is slower than 

human appreciation permits, but not always. Thigmonastic 

movements are responsive to touching or shaking a plant. 

Thigmonastic movements can be quite sudden. 

 Pollinator Responder  

Endemic to the Peruvian Andes, Nasa 

poissoniana produces a star-shaped flower. 

Based upon pollinator activity, these plants 

gymnastically wave their stamens to max-

imize pollen distribution. 

 Individual plants adjust the timing of their pollen presenta-
tion to the actual pollination scenario they experience. ~ Ger-
man botanist Tilo Henning et al 

 Circumnutation  

Proprioception is more than static spatial orientation, 

just as plant movement is more than reactive tropism. Plants 

dance in numerous ways for various reasons, including deter-

mining which way to go. 
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Growing shoots move in a recurring spiral oscillation, 

which Darwin termed circumnutation. The range and speed 

of circumnutation varies by species, and by both internal and 

external circumstances. 

Strawberry branches move mere millimeters, while bean 

shoots have wild swings: up to 10 cm in radius.  

Vines are vigorous circumnutators. Tendrils search for 

something to grab onto, sensing various inputs to guide it. 

For climbing plants, winding around a potential support 

is at first tentative. If a plant deems a support unsuitable it 

unwinds and grows elsewhere. Tendrils reject something too 

smooth, as its long-term prospects are problematic. 

Tendrils of the same plant recognize one another and will 

not coil about each other. Tendrils are also reluctant to attach 

themselves to those of a different species. 

Speed is another aspect of circumnutation. Tulips stead-

ily swirl at a fixed speed, taking 4 hours to make a circuit. 

Wheat completes a rotation every 2 hours. 

Other species are more various. Cress stems take any-

where from 15 minutes to 24 hours for a single circle. 

 Dodgy Dodders  

A 5-angled dodder swirls its shoots about, reaching with 

orange tentacles to grasp the slim stems of nearby tomato 

plants and suck them for nourishment.  

While dodders have roots that provide some nutrients, 

they don't bother with photosynthesis. If a young dodder can't 

find a plant to parasitize, it doesn't have long to live. 

A dodder is careful in its search. It won't touch a leaf so 

as not to tip off its prey. It instead sinks down to grab the 

stem. 

A dodder knows where to go by scent. It sniffs its way to 

a meal, then makes its move. 

A dodder is selective: picking the most nutritious prey. 

Given a choice of wheat or tomato, a dodder will put the 

squeeze on marinara, passing by pasta. 
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The dodginess is just getting started once a dodder has its 

grips on a host plant. Dodders directly manipulate their vic-

tims genetically to keep nutrients flowing to them – some-

thing the hosts would dearly like to thwart. 

A dodder passes microRNAs into its host plant that regulate 
the expression of host genes in a very direct way. The 
microRNAs specifically target host genes that are involved in 
the plant's defense against the parasite. ~ American plant 
pathologist James Westwood 

 

Quick movements by plants are rare, but plants as uni-

versally moving beings is a truism. The contrast to animal 

movement is only one of timescale, in that plants are typi-

cally plodding in their physical behaviors. Ultimately it is the 

pace of living that is relative. 

 Growth as Movement  

The ability to generate new roots confers plants a high degree 
of developmental plasticity. ~ German botanists Ricardo Giehl 
& Nicolaus von Wirén 

Behavior in animals often corresponds to movement. 

Plants move by changing form: phenotypic plasticity. Growth 

and other changes in roots, stems, leaves, and flowers are all 

chosen behaviors which involve movement, though not how 

animals move. Plants forage strategically and fight each 

other for resources in what we would regard as extreme slow 

motion. 

Most higher plants are modular in structure: the plant 

body is plastic, molded purposefully, with variable numbers 

of roots, branches, leaves, and buds. This plasticity enables a 

plant to alter its phenotype, accurately occupying local space 

based upon existing conditions. 

 Roots on the Move  

Roots are the primary provider of water and minerals in 

most higher plants. In return, roots receive sugars from the 

shoots, which are employed for building more root tissue. 
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Roots being able to drill their way through stiff soil is es-

sential. The strength of root fibers is indeed impressive when 

considering that hard soil is squashed as a root grows. Soil 

compaction is how roots help prevent soil erosion – an integ-

rity essential to a plant's livelihood.  

There are 2 basic root types: taproots and fibrous root sys-

tems. Each type is suited for specific conditions. Root types 

are not mutually exclusive. 

Taproots are an adaptation to getting at water deep in the 

soil. Many desert plants have taproots.  

Taproots often store water as a reserve. Taproot plants 

send out secondary roots to prospect for opportunities. 

Fibrous root systems spread near the surface, where most 

plant minerals are located. Fibrous roots are the product of 

careful consideration. 

Making the right choice about where to deploy new roots can 
determine survival, especially when soil resources are scarce 
and unevenly distributed. Plant roots respond to gradients of soil 
moisture by favoring the formation of lateral roots toward sites 
with available water. ~ Ricardo Giehl & Nicolaus von Wirén 

Plants hunt by sending out roots, growing in promising 

patches and withering in dead zones. Root systems not only 

sense the soil volume where they grow, they also recognize 

and discriminate against the roots of others, even their own 

kind.  

As part of self-recognition, roots of any individual plant 

spread in a way to occupy as much soil space as possible while 

avoiding contact with siblings. The original pioneers of real 

estate, plants are territorial. 

Darwin experimentally showed how seedling roots sensed 

signals of touch, light, moisture, and gravity, all simultane-

ously. Using sensory integration, growing roots discriminate 

which cues are the most crucial. Touch and humidity may 

override gravity, and so a root may travel sideways or even 

up.  

Natural soil is heterogeneous, with a wide spectrum of 

both texture and distribution of resources on offer. To thrive, 

a plant must correctly assess outcome probabilities and from 

that construct roots' shapes and growth direction. 
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Plants adapt to heterogeneous soil conditions by altering their 
root architecture. ~ Indian-British botanist Ari Sadanandom et 
al 

 Competition  

The survival and growth of an individual plant may be 
strongly influenced by competition with its neighbors. ~ Amer-
ican ecologist David Tilman 

Plants are well aware of their situation. They constantly 

assess their prospects and grow in a decided direction. 

If plants were unable to discriminate between unoccupied 
soil and those containing competitors, they would soon be elim-
inated by fitter individuals. ~ Anthony Trewavas 

Because they sense their neighbors, trees do not crowd 

each other. Growing trees avoid already-shaded areas and 

shape their growth so that their leaves have their time in the 

Sun.  

Branch shoots sprout a few leaves, getting feedback about 

local conditions. With a poor response the plant withers the 

branch.  

Similarly, as trees grow up, in a race with neighbors to 

sunny heights, they wither the lower branches that no longer 

fetch enough light energy. 

Flowers, shrubs, and trees all change their phenotype in-

telligently: foraging for resources, competitively excluding 

potential rivals, and constructing as fulsomely as possible.  

Competition for resources is a way of life for wild plants 

as much as it is for all animals. 

Plants are limited in their ability to choose their neighbours, 
but they are able to orchestrate a wide spectrum of rational com-
petitive behaviours that increase their prospects to prevail under 
various ecological settings. Through the perception of neigh-
bours, plants are able to anticipate probable competitive inter-
actions and modify their competitive behaviours to maximize 
their long-term gains.  

Specifically, plants can minimize competitive encounters by 
avoiding their neighbours; maximize their competitive effects 
by aggressively confronting their neighbours; or tolerate the 
competitive effects of their neighbours. The adaptive values of 



410 Spokes 2: The Web of Life  

these options are expected to depend strongly on the plants' 
evolutionary background, and to change dynamically according 
to their past development, and relative sizes and vigour.  
~ Israeli evolutionary botanist Ariel Novoplansky 

Soybeans were tested in soil boxes with removable parti-

tions. With the partition in place, each plant had its own soil 

and experienced no competition. These were soil owners. 

Remove the partition and each plant has double the space 

available but faced competition in having to share soil with 

another plant. These were soil sharers. 

In the absence of competition, the soybeans constrained 

their roots. But when sharing soil, competition drove the 

plants to increase root production. They even confrontation-

ally turned their roots in the direction of the rival. 

Competition has its costs. Owners had a much higher 

shoot-root ratio, and nearly double the seed yield of sharers. 

But plants cannot bear the prospect of handing over soil re-

sources that may be forgone at a later date. 

The canopy of every forest signifies a fight for light. That 

competition begins underground. 

Spotted knapweed, native to Eurasia, caught a ride to 

North America. An inveterate land grabber, knapweed blan-

kets entire slopes, pushing out native vegetation. Its weapon: 

catechin, a phenol which can retard plant growth. Having 

grown used to knapweed's ways, European plants neighbor-

ing knapweed are not bothered by its catechin seeps, but 

some North American plant species have not adapted, and so 

are overwhelmed. But not all. Lupin and blanketflower fight 

back by exuding extra oxalate: 4 times the normal level for 

blanketflower, and up to 40 times normal for lupine. Oxalate 

neutralizes catechin and extends a blanket of protection not 

only to the defender, but also neighbors. 

Many plants employ secondary metabolites to establish 

territories for themselves and their offspring. Various phyto-

chemicals, including oils, alkaloids, steroids, terpenes, and 

coumarin derivatives, are poisonous to botanical rivals.  

Black walnut and eucalyptus trees are exemplary of 

fierce allelopathic warriors via root secretions. Allelopathy is 

the production of biochemicals intended to affect the health 

of other organisms. 
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Crabgrass does not just crowd out other plants. It kills 

them with herbicides released from its roots.  

California purple sage pops terpene into the air, where it 

disperses and is then absorbed in the soil. This promotes 

clearing zones around sage shrubs. 

Trees, particularly conifers, actively release terpenes in 

warm weather. The terpenes act as a natural cloud seeding, 

encouraging cloud formation. Trees regulate forest tempera-

ture by creating clouds that block sunlight. 

Heath allelopathically inhibits pine trees by chemically 

inhibiting the soil fungi that share a symbiotic relationship 

with pine roots. The Scottish harvested the pine forests in 

Scotland at the advent of the Industrial Revolution as fuel for 

industry. The land is now colonized by heath, which thwart 

pine reforestation efforts by foiling the fungi needed for pines 

to make a comeback. 

 Belowground  

Plant roots are exposed to an enormous amount of soil biodi-
versity; a handful of soil can contain more than 5000 species 
that operate together in plant-soil feedback. ~ Wim van der 
Putten  

Plant roots are a magnet to soil bacteria and fungi, whose 

concentration in the rhizosphere is 100 times that of sur-

rounding soil.  

Roots recognize microbes that are helpful and those that 

are trouble. Beneficial bacteria are essential for robust roots. 

Bacteria nest in roots and then protect their homestead. 

In the rhizosphere, the plant-associated microbiome is intri-
cately involved in plant health and serves as a reservoir of addi-
tional genes that plants can access when needed. ~ American 
botanists Marnie Rout & Darlene Southwort 

The rhizosphere is awash with metabolites exuded by 

plant roots. The choice of metabolite at a root meristem de-

pends on whether friend or foe is at the receiving end. 

Roots invite beneficial microbes by sugars and organic 

compounds that are energy rich. Those unwelcome are 

treated to hostile chemical concoctions, in attempts by roots 
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to fortify themselves against intrusion. Those same pest tox-

ins recruit specific species which have evolved tolerance. 

Benzoxazinoids (BXs) are a class of secondary metabolites 

used against pests aboveground and below. Roots put out 

BXs early in life, when they are most vulnerable. The benefi-

cial rhizobacterium Pseudomonas putida is not put off by 

BXs. It treats BXs as a beacon to find suitable employment. 

Plants put out a welcome mat to helpful microbes, provid-

ing the molecular building blocks to promote beneficial colo-

nization of roots. Plants dispense specific sugars from their 

cell walls that activate bacterial genes which induce biofilms. 

The rhizosphere becomes a rich nesting site for a microbial 

community beneficial to a plant. 

Early in its growth cycle, a plant is putting out a lot of sugars 
which many microbes like. As the plant matures, it releases a 
more diverse mixture of metabolites. The microbes that become 
more abundant in the rhizosphere are those that can use these 
metabolites. ~ American microbiologist Trent Northen 

Most plant species nip their nitrogen from the soil 

themselves. But many plant groups get their supply via 

cooperative and symbiotic relationships with nitrogen-fixing 

bacteria and fungi. 

Soil bacteria and fungi reduce atmospheric nitrogen (N2) 

to ammonia (NH3), but they can only fix nitrogen when inti-

mate with a plant by being welcomed. Plants capable of such 

symbiotic relationships grow better in nitrogen-poor soil than 

do competitors without an ally for nitrogen fixation. 

The soil is not the only place that nitrogen-fixers reside. 

Bacteria that live in leaves also fix nitrogen.  

The same stresses that affect plants affect the microbes 

that live among them. For the sake of all concerned, microbes 

help plants adapt more quickly than they could otherwise.  

Drought stress affects microbes, and they, in turn, drive plants 
to flower earlier and help plants grow and reproduce when 
faced with drought. ~ American botanist Jennifer Lau 

Cross-species mutualisms are ubiquitous among all life. 

Many have a lopsided power balance, where one partner, of-

ten a plant, can even kill a misbehaving helper. Others are 

more mercenary. 
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 Endophytes  

Soil conditions are seldom ideal. When the situation in 

the soil shifts from sanguine to stressful, plants make the 

logical move: they ask for help.  

Plants under abiotic duress enhance their ability to deal 

with the dilemma by recruiting endophytes to assist with the 

necessities of living. In return, plants offer the comforts of 

home to those microbes they take in. An endophyte is a plant 

endosymbiont – most commonly a bacterium or fungus – in a 

mutual or commensal relationship. 

95% of plants get fed with help from friendly molds. Fungi 

attach to plant roots and then shoot out fibrous filaments, 

infiltrating bacterial corpses. Then fungi feast on the succu-

lent cellular matter. Spillover provides plants with nutrients 

such as nitrogen and phosphorus. 

The bacteria that live in stems and branches provide nu-

trients to their host plants, including nitrogen fixation, in re-

turn for a high-rise home and free meals.  

Not only do endophytes sup with their vegetative friends, 

they often provide protection. Extensive colonization of plant 

tissue by endophytes creates a barrier against invasion. En-

dophytes outcompete their rivals, preventing pathogenic or-

ganisms from taking hold by producing chemicals which 

inhibit the growth of the competition.  

Fungi actively shield plants from various diseases, bacte-

ria, insects, and roundworms. They can also promote produc-

tion of alkaloids that deter herbivores.  

Some endophytes are host-specific, but many colonize nu-

merous plant species. Likewise, a single plant sports many 

endophyte species, both fungal and bacteria.  

A plant's microbiome can even vary among different plant 

parts. One branch on a plant may have a substantially differ-

ent microbial community than another.  

 Mycorrhizae  

A mycorrhiza is a mycelial fungus that has a symbiotic 

relationship with a plant. The term is often used to denote 
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the association as well as the fungus. This symbiosis has been 

going on for at least 470 million years. 

The relationship typically begins with plant roots adver-

tising for fungal services by releasing the hormone strigolac-

tone. Plants in phosphate-deficient soils are especially 

desperate, and so vigorously solicit. 

Mycorrhizal mutualism works in several ways; 2 forms 

are endomycorrhiza and ectomycorrhiza. 

In endomycorrhiza, a fungus colonizes the host plant's 

root cells, often after considerable negotiation which results 

in the plant letting the fungus past its defenses. To further 

their accommodation, fungi may request more lateral root 

formation, which the plant obliges. Such development is also 

a common response to roots in search of phosphate. 

Nutrient exchange commences. The intricacy and inti-

macy of this fungal symbiosis is extensive. 

4–20% of the carbon compounds that a plant produces 

from photosynthesis flow to the fungus, as does considerable 

quantities of sugar, lipids, and some vitamins. In return, my-

corrhizae furnish minerals and other foodstuffs to the plant. 

Phosphate is the macronutrient hardest for plant roots to 

come by, partly because it is readily absorbed into soil parti-

cles. Endomycorrhizal symbiosis enhances a root's phosphate 

uptake 2 to 6 times from that of uncolonized roots. 

Though the symbiosis is long-standing, the fungus and 

plants have never merged. They are still separated by cell 

membranes. 

To enable exchange of the relatively large sugar and phos-

phate molecules, plant cells construct protein complex con-

duit tunnels; a task backed by knowledge covered in over 800 

genes.  

Plant roots can tell which fungal threads are providing an 

abundance and reward them. Likewise, the fungi know, and 

preferentially reward, a succulent supplier, while shunning 

slackers.  

This marketplace mechanism functions because either 

plants or their fungal symbionts can switch partners. Mutual 

liberty allows cooperation enforcement by both parties. Such 

efficient exchange may explain why mutualism never evolved 

into merger. 
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Over 80% of land plants have endomycorrhizal relations, 

including grasses, most crop plants, many shrubs, trees, and 

flowers. 

The quality of relations between fungus and plant varies 

considerably. Some plants have very productive friendships 

with their fungi, while others have not sufficiently coevolved 

for mutual benefits to have blossomed. 

In ectomycorrhiza, the fungus enters the root, but not the 

root cells. Ectomycorrhizal plant hosts include pines, firs, 

spruce, and oaks; mostly forest trees, as well as several other 

plant species; totaling 10% of plant species. These fungi often 

form mushrooms or truffles. Working for plant roots is just 

their day job. 

Laccaria bicolor shows itself as a small tan mushroom 

with lilac gills. Laccaria sets up shop at the roots of temper-

ate trees, notably the eastern white pine.  

Once nestled in, the fungus chemically lures springtails, 

which the fungus then kills with a toxin. Laccaria dines on 

its kill by sucking up nitrogen from the dead insect using its 

filaments. The fungus passes a goodly portion of the nitrogen 

to the pine.  

This arrangement provides ~25% of the white pine's ni-

trogen. In a show of gratitude, the plant showers the fungus 

with energy-rich carbohydrates. 

Some fungi have mycorrhizal relations with multiple 

plants at the same time. A group of plants interlinked 

through a common mycorrhizal network is termed a guild.  

Nutritional exchange is networked between plants and 

mycorrhiza mycelia. This trade can be substantial indeed. 

 Trees  

The forest is more than the sum of its trees. ~ Swiss botanist 
Christian Körner 

Forests are a hotbed of competition, as saplings struggle 

for enough light to make their way to the canopy. This belies 

a congeniality that goes on belowground, especially among 

mature trees.  
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Up to 40% of the carbon in the fine roots of one individual 
may be derived from photosynthetic products of a neighbor.  
~ Swiss botanist Tamir Klein et al 

Mycorrhizae have an interest in keeping the guild above 

them healthy, so they allocate their surplus accordingly. 

That 4% of net primary productivity is transferred to 
neighboring trees suggests that carbon is a nonlimiting resource, 
and not growth-limiting for large trees. Thus, carbon allocation 
and loss to mycorrhizal fungi does not necessarily impair plant 
fitness. The exchange of "nonlimiting" carbon for nutrients may 
be one of the key factors responsible for the evolutionary 
stability of the mycorrhizal symbiosis. ~ Dutch evolutionary 
biologist Marcel van der Heijden 

 Thale Cress Pickiness  

It was long thought that the sole role of the immune sys-

tem was to distinguish friend from foe and vanquish the un-

wanted. An immune system is instead more a microbiome 

management system. 

While most plants employ a mycorrhizal mesh to get the 

phosphate and other minerals they need, thale cress does not. 

Instead, the plant selectively allows the fungus Colleto-

trichum tofieldiae around its roots only when it needs help 

mining minerals from the soil. If phosphate is plentiful, the 

fungus is rejected by the plant's immune system. 

The thale cress plant controls its interaction with its tenant by 
linking its immune system to a sensor for phosphate availability. 
It's a fantastically well-regulated system. A foe is recognized as 
such only in specific circumstances. ~ German botanist Paul 
Schulze-Lefert 

The beneficial interaction between Colletotrichum and 

thale cress is surprising, in that this fungal family is almost 

everywhere a plant pathogen. But the central plateau of 

Spain, where this selective mutualism occurs, is a difficult 

environment, with scant soluble phosphate in the soil. Thale 

cress managed to strike a deal because otherwise it could not 

survive, and the fungus would go wanting. 
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The mutual coexistence is beneficial to both partners, but 
only as long as the right conditions prevail. ~ Paul Schulze-
Lefert 

 Trichoderma  

Trichoderma are a filamentous fungus with a diversity of 

lifestyles. But all are sociable with other fungi, plants, and 

animals.  

Trichoderma are ubiquitous opportunists: they are every-

where in the soil, and the life they choose depends on exter-

nal conditions. These mold fungi can grow inside of plants, 

on roots, on the bark of a tree, or even on top of other fungi.  

Trichoderma have a sweet tooth. Sugar is their steady 

diet. But trichoderma are not sweeties. They carry an arsenal 

of chemical weaponry that comes DNA-encoded.  

To serve their self-interest, Trichoderma can attack other 

fungi or bacteria with powerful toxins. For this reason – their 

ability to antagonize plant pathogens and promote plant 

growth – Trichoderma are valued plant symbionts. 

 

 Mycoheterotrophy  

Not all plants act mutualistically with mycorrhizas. Some 

practice mycoheterotrophy: robbing neighboring plants of nu-

trition by tapping into the mycorrhizal network which acts 

on behalf of a plant guild. 

 Indian Pipe  

Indian pipe is a plant indigenous to the temperate regions 

of North America and eastern Asia, though its appearances 

there are scarce.  

The Indian pipe is also called the corpse plant and ghost 

plant, as it is a stark white. This is because this peculiar vas-

cular plant does not have any chlorophyll. 

Given its looks, the Indian pipe is easily mistaken for a 

fungus. It grows up through dead leaves on the forest floor, 

to a height of 15–20 cm; strikingly like a fungal fruiting body. 

The mycorrhiza that work with a nearby tree share some 

of their spoils with the Indian pipe, transferring nutrients to 
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the pipe's roots. There is no direct connection between the 

Indian pipe and the tree.  

What the mycorrhizal fungus gets out of a relationship 

with the Indian pipe is not known; maybe just the leftovers 

of the corpse plant's corpse when it dies. 

 Orchids  

All orchids, at some stage in their life cycle, lack photo-

synthesis. Some lost their photosynthetic ability altogether. 

Orchid mycorrhizae are critically important during orchid 

germination, as orchid seeds have no energy reserve. So, all 

orchids, either sometimes or all the time, are mycohetero-

trophic. 

 Sociality  

Plants sense whom they are interacting with. ~ Canadian 
evolutionary plant ecologist Susan Dudley 

Via root interactions, plants detect if they are in the pres-

ence of a close relative and grow differently if in friendly ter-

rain. Kin recognition and corresponding comity has been seen 

in cabbage, heywood, jewelweed, mustard, rice, sagebrush, 

searockets, and sunflowers. Only recently have botanists 

turned their attention to this area of study. Doubtlessly so-

phisticated sociality is ubiquitous among plants.  

 The Comity of Sunflowers  

Sunflowers track the Sun, facing east before dawn and 

ending the day facing west. Growing close together in a field, 

sunflowers also keep track of each other. Sensing that their 

sunlight is less than optimal, a sunflower leans away from 

another one by about 10° to get a little better light. This cre-

ates a coordinated cascade effect among neighbors, who lean 

in opposite directions to get better light, but also try not to 

interfere too much with their neighbors. 

Sunflowers also care about their bee pollinators: packing 

a poison into their pollen that wards off brood-parasitic 

wasps which otherwise afflict the bees. 
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 Jewelweed Relations  

Jewelweed is a flowering plant that lives in the forest un-

derstory, where the soil is nutrient-rich, but an abundance of 

light is hard to come by. With hearty soil below, the competi-

tion is aboveground for light access. Plants that gain the up-

per leaf not only enhance their growth potential but also put 

others nearby in the shade, limiting the growth of rivals.  

Jewelweed aggressively competes with its neighbors: ex-

tending stems and leafing as fast as it can. But having a rel-

ative for a neighbor changes a jewelweed's growth strategy: 

accommodating its kin by sharing light access. It balances its 

tempered leafing with more abundant root growth. 

 Searocket Siblings  

There is little competition for sunlight on a sand dune 

near the seashore. The battle is below, in the sandy soil, for 

enough nutrients.  

Searockets are a flowering annual with fleshy leaves; a 

member of the mustard family. A searocket rises from a long 

taproot. 

Searockets in the presence of strangers vigorously grab 

all the nutrients that they can. But a searocket among family 

is more subdued, giving its siblings a fair share of the spoils 

in the soil.  

 All Together Now  

The reason trees share food and communicate is that they 
need each other. It takes a forest to create a microclimate suita-
ble for tree growth and sustenance. It's not surprising that iso-
lated trees have far shorter lives than those living connected 
together in forests. ~ Australian environmentalist Tim Flannery 

Comity is not confined to kin, especially when the com-

munity is at risk. Plants inherently understand the interre-

lated nature of their existence as a commonwealth. We only 

now seem to be learning what plants have long known: that 

biodiversity is essential to ecosystem health. 

In numbers, there is strength. Buckhorn is a weed com-

mon on cultivated land in the British Isles. Buckthorn is 
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more resistant to a fungal pathogen, and thus less likely to 

be colonized by it when the plant is well connected with its 

siblings in the local population.  

The buckhorn example highlights that plants are more 

vulnerable when their habitat is fragmented. As plants face 

stresses such as drought, they treat their neighbors kindlier, 

promoting survival for all rather than competing.  

These findings were consistent across fitness measures, stress 
types, growth forms, life histories, origins, climatic zones, eco-
systems, and methodologies. ~ Chinese botanist Qiang He 

 

With predators constantly on the prowl, it is a dangerous 

world, especially when one is rooted to a spot. Plants rely 

upon their wits and astounding alchemy to survive. 

 Plants & Animals  

Animals are something invented by plants to move seeds 
around. ~ American ethnobotanist Terence McKenna 

In offering treats as recompense for pollination and seed 

dispersal, plants have done their best to put up with animals. 

While some animals have been bought off, their appetites 

seem insatiable. Hence, plants evolved numerous ways of 

eliminating unwary predators. Poison is popular, as are 

prickly parts to deter attempts at consumption. 

One of the great mysteries of evolutionary biology is how 

plants know exactly what it takes to disrupt the development 

cycle of a common pest or deliver a nasty surprise to the nerv-

ous system of some plodding herbivore. The answer is that 

Nature furtively exercises its own intelligence, only manifest 

in local effect. 

Some plants turn the tables and consume the critters that 

otherwise would be nuisance. The actual numbers of carniv-

orous plants are much greater than the few species found in 

textbooks. 

Despite decent defenses, being eaten alive by craven 

beasts is all-too-often unavoidable. Plants rely upon their 

modular development and innate sense of achievement to let 

bygones be and get on with growing their way past losses.  
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The regenerative powers of plants are wondrous. About 

1,000 species can be reborn from a mere residual of root, and 

a few hundred can come back from a scrap of leaf. 

 

Pollination seems a sanguine event: bees industriously 

buzzing about flowers to collect the ingredients to make their 

delectable honey, while inadvertently helping the plants they 

favor in return. But pollination can have a sinister edge: a 

product of deception and incarceration. For pollination as a 

scam, nothing beats the elephant yam. 

 Elephant Yam  

The jungle cools down at night, but in a few spots it is 

getting very warm: 10 °C above ambient. A witch is brewing 

her potion.  

The Chinese call the elephant yam "the witch of the for-

est." She has an imposing presence: a girth of up to 50 cm, 

and up to 40 cm high. Once pollinated, her triumph takes her 

to 2 meters. 

In a cloud of pungency, the witch releases the noxious 

stench of rotting flesh. The stink annoys some, but nearby 

carrion beetles are thrilled. In the dark of night, they come 

as quick as they can. 

A beetle clambers upon the single large leaf. On the in-

side, the leaf is slippery. The beetle tumbles in, to the base of 

the flower. 

The beetle naturally tries to scale the leaf to escape but is 

unable. The slippery waxy wall cannot be surmounted. The 

beetle is stuck. 

Night turns to day. Captive beetles remain restless but 

powerless. 

As twilight dims again, the witch showers her subjects 

with sticky pollen from the stamen that surrounds the flower. 

As the beetles once again try to leave, they find that the walls 

holding them in have changed texture, and now can be 

scaled, allowing them to leave. 

Burdened with pollen, and in need of a good meal, the 

beetles smell a feast not too far away. Another witch beckons. 
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Many plant deceptions merely aim at competitive ad-

vantage. To attract more traffic, some orchids mimic the fe-

male mating signals of their pollinators.  

Besides obfuscating orchids, there are deceitful daisies in 

South Africa that mimic female insects. Naïve pollinating 

flies fully fall for the lure the first time around, but soon learn 

that a daisy does not live up to her scent.  

Other orchids mimic signals of prey, to rope in insects 

that otherwise would forgo pollination duty. 

Though it needs help moving pollen, a lady-slipper orchid 

in southwestern China lays out no nectar or other food to at-

tract a pollinator. What it offers are smelly, black, hairy spots 

that mimic mold. Fungus-seeking flies flock to it, and so are 

deceived into porting pollen by being fooled time and again.  

 Survival by Theft  

Seed dispersal is essential to many plants and trees for 

population survival. Fruit is a common incentive to facilitate 

animals spreading seeds. 

The Neotropics (tropical Central and South America) are 

rich in woody species that bear large-seed fruit. 10,000 YA, 

megafauna, such as mastodons and gomphotheres, effec-

tively scattered seeds by defecating far from the source of 

their meals. The extinction of these megafauna by human 

hunting carried the risk that these tree species would also go 

extinct. Yet several survived. 

Agouti are a rodent endemic to the Ne-

otropics, related to guinea pigs, but more 

rat-like. Macaws and agouti are the only 

species known that can open Brazil nuts 

without using tools; a feat that takes strength and exception-

ally sharp teeth.  

Like squirrels, agouti hoard food in numerous small, bur-

ied stores. Like rats, agouti are wily thieves, readily raiding 

caches that others bury. By repeated theft and recaching, a 

seed may be moved many times; sometimes 30 or more.  

Not all cached seeds are eaten. 14% survive to germinate 

the next year. 
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Germination is no guarantee of a good life. It is in a 

plant's interest of legacy that its seeds are not dispersed to a 

location where seedlings will face competition from their own 

kind (conspecifics).  

An agouti tends to move its seeds away from conspecific 

trees, as it figures a more remote location helps avoid pilfer-

ing by other agoutis. Such strategic thinking benefits an as-

tute agouti and the seeds it caches. 

 Just Don't Munch the Seeds  

Taily weed plays an especial role in the desert ecosystem 

it inhabits. The weed sometimes serves a nursing role in 

helping other plant species become established. For animals, 

the taily weed produces thousands of tiny berries year-round.  

Many birds, rodents, ibex, and camels eat the plant or its 

berries. Among them is the Cairo spiny mouse, which ekes 

out a living in the rocky hills and hot deserts of north Africa; 

eating seeds, desert plants, insects, and snails.  

The spiny mouse eats taily weed berries, but carefully. 

Each berry has 5–9 seeds. If a seed is chewed, enzymes 

within activate a toxic glucosinate in the pulp, which is oth-

erwise harmless. The tiny spiny mouse cannot afford to pay 

that price. 

To avoid detonating this pungent mustard bomb, the 

spiny mouse spits the seeds out before consuming the berry. 

Because of the taily weed's chemical cunning, the small-seed 

eater is turned into a good seed-disperser. Other small ro-

dents that dine on the taily weed take the same precaution. 

Because birds swallow their food whole, taily weed seeds 

pass through without setting off the mustard bomb.  

Taily weed is not the only plant with this ploy. Mammals 

don't eat chili peppers because they can't take the heat from 

the capsaicin that the seeds contain. Birds who do eat the 

fruit don't crush seeds when eating, so the heat of the seed is 

forgone. 

 Cliffhanger  

Ants are frequent floral visitors but are often dismissed 

by biologists as lackluster pollinators owing to their small 
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size, limited foraging range, and antibiotic metapleural 

glands, which may reduce pollen viability. That assessment 

underestimates their worth as plant pals. 

Ants are often as valuable as more highly regarded 

winged insects. Ant pollination is especially important in re-

gions adverse to flying insects, such as mountains and de-

serts. 

Numerous ants, such as harvester ants, are seed preda-

tors. But ants also play a vital role in seed dispersal. 

For most plants, the pollinator and seed-disperser differ. 

In habitats poor in animal diversity, plants take advantage 

of whatever resources are available. Several island plants 

employ lizards, birds, or flying foxes as double mutualists. 

Mountain cliffs are ecological islands; one of the most re-

source-poor places a plant can be. It takes ingenuity to hang 

tough. The upside to a cliff comes with protection against cli-

matic extremes and large herbivores. 

Rock plants are typically small and long-lived, with stable 

populations. For those species that do adapt, mortality is low. 

The serious challenges for cliff dwellers remain pollina-

tion and seed dispersal. The small, slow-growing Spanish 

Pyrenees plant Borderea chouardii, which can live over 300 

years, has enlisted 3 ant species as assistants. 

B. chouardii are either male or female, but not both. They 

do not self-pollinate. 2 different ants act as pollinators, while 

a 3rd species disperses seeds.  

Relying upon ants is a risky strategy. But B. chouardii, 

which has doubled down on its mutualism, has keep the band 

together for a long time: having been around from just after 

the dinosaurs died off, back when the Pyrenees was tropical. 

 Myrmecochory  

Myrmecochory is seed dispersal by ants. ~23,000 plant 

species bribe ants to take their seeds by coating them with 

elaiosomes: fleshy seed caps rich in lipids and proteins. Ants 

cart such seeds to their nest and serve the elaiosome to their 

larvae. 

Plants compete for ant services. Ants prefer larger seeds 

to smaller ones, so small-seed plants release their seeds in 
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early spring, when ant foraging is unreliable. This advance 

release avoids competition from large seeds, which are let go 

later, when ant populations are at their peak.  

The fatty acid content, particularly oleic acid, is the main 

trigger to prompt ant seed pickup.  

Plants know what nourishes ant larvae. Some target 

their elaiosome content to entice specific ants, thus enhanc-

ing their fitness by choosing the most effective dispersers. 

Some plants cheat, by coating their seeds with enough 

temptation to be taken, but not provide the ants with nutri-

tious food. Puschkinia and Hepatica are exemplary myrme-

cochory cheaters. 

 

Plants literally take care of animals, providing the air 

they breathe and the food they eat. Plants provide the foun-

dation ecology for most animals, whether aquatic or living on 

land. Carnivores would not exist without herbivores. 

Plant pathogens and pests – from microbes to the vast 

mass of the animal kingdom – are a continuous threat. Some 

have been co-opted into providing nutrients or pollination, 

but the odds always run against the vegetation.  

To ward off what would otherwise be a slaughter, plants 

have defenses besides robustness and strategic chemical cun-

ning. Bark and spikes (thorns, spines) provide some protec-

tion against penetration. Sometimes it is enough to hide in 

plain sight. 

 Camouflage  

Hiding from herbivores is not easy, but a few plants man-

age the trick via camouflage. 

 Stone Plants  

Stone plants are succulents, native to the dry lands of 

southern Africa. Succulents are adapted to arid conditions by 

their ability to internally retain a reserve water supply. 

Stone plants are aptly colored: dull creams, grays, and 

tans; sometimes with speckles, or lines that resemble sedi-

mentary rocks. The shape of the leaves complete the effect. 
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A stone plant has 1 or more pairs of bulbous leaves, oppo-

site each other, almost fused together, shaped like small 

rocks. The leaves are mostly buried. A leaf's top surface is 

translucent, to let light into the interior for photosynthesis.* 

During winter, a new leaf pair is prepared, growing inside 

an existing fused pair. In spring, the new pair, like pebbles 

rising, appear between the old leaves, which then dry up.  

In autumn, a leaf pair produces a white or yellow flower 

for pollination, typically via flying insects. Stone plants are 

obligate outcrossers which require cross-pollination with an-

other plant. Outcrossing – the introduction of unrelated 

genes – promotes genetic diversity. 

During drought, stone plant leaves shrink and disappear 

from the surface. A plant minimizes itself belowground. 

 Pygmy Pipes  

The pygmy pipe is a member of the blueberry family. 

Pygmy pipes are native to the Appalachian Mountains in the 

southeastern US but are not prolific in their home range; in-

deed, they are an uncommon sight. 

Pygmy pipe flowers bud in a light lavender that deepens 

within a few weeks. The flowers come covered by bracts (spe-

cialized leaves).  

The bracts and the flower's sepal (flower support wrap-

ping) are a toasty color that looks like leaf litter. The effect is 

enhanced by the bracts and sepal quickly drying out, giving 

the fragrant flower a decided well-past-its-prime look to her-

bivores, while retaining the scented appeal that pollinators 

appreciate.  

Deception is not the pygmy pipes' only wile. Pygmy pipes 

are thieves by livelihood. 

Pygmy pipes do not contain chlorophyll. Instead, they get 

their nutrition by robbing the local mycorrhizal network: my-

coheterotrophytes.  

 
* The efficacy of stone plant camouflage is eerie; an impressive ex-

ample of the coherent intelligence behind the diversity in Nature. 
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 Borrowed Protection  

Besides food, various animals take advantage of plants' 

secondary compounds. Humans use them for healing, as do 

other animals. Other organisms make plants' protective 

chemicals their own protection. 

Desert locusts accumulate toxins from the desert plants 

on which they feed, immune to the terpenes intended to 

thwart them. Instead, the locusts discourage potential pred-

ators who have a less hardy constitution. 

Willow trees produce the glycoside salicin, the active in-

gredient in the European folk medicine used for headaches 

and gout. Organic salicin is the molecular starting point to 

synthesizing aspirin. 

Chrysomelid beetles that feed on willow trees use the 

tree's salicin to synthesize salicylaldehyde, which the beetle 

employs for its own defense.  

 Monarchs & Milkweed  

Various milkweeds employ cardiac glycosides to ward off 

herbivores. The larvae of monarch butterflies evolved the 

ability to eat milkweed with impunity, concentrating the gly-

coside compounds into their own body.  

Adult butterflies use this weapon against birds that prey 

upon them. Blue jays quickly learn to take monarchs off the 

menu by noting their characteristic wing pattern. 

The interaction between monarchs and milkweed is ulti-

mately to the milkweed's favor.  

In an exclusive mutualism, monarchs lay their eggs on 

milkweed. The eggs hatch onto an instant meal, but one that 

might be an early demise.  

If a young caterpillar hits a vein, viscid sap pours out, en-

gulfing the newborn. The latex can drown the little crawler, 

or lock its jaws, making the gushing bite its last. 

The tally by the time the caterpillars pupate is that 2/3rds 

having been killed by the milkweed. The 1/3rd that flutter 

away do so to an immediate victory meal.  

The milkweed flowers with perfect timing: just as the but-

terflies emerge, so that the butterflies can enjoy some well-
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deserved nectar while pollinating the milkweed. In all, milk-

weeds manage the damage from their dependent pollinators. 

The ferocity of milkweed's latex brew is welcome in the 

floral neighborhood, as its toxic scent wards away pests, such 

as wireworms, which would otherwise infect nearby plants. 

Viceroy butterflies ply on the poisons that monarchs 

amass by mimicking the monarch's warning coloration, thus 

avoiding predation by masquerading as monarchs. This 

stratagem only works if adult viceroys emerge late in the sea-

son, after the birds have learned that monarchs are a diges-

tive monstrosity. 

 Plants as Power Plants  

Plants are the source of organic carbon – that is, are the food 
for almost all of the nonphotosynthetic organisms on Earth.  
~ English botanist Alison Smith 

A plant's demise is a feast for the fungi and other sapro-

vores that recycle plant matter and stored energy back into 

the ecosystem. Soil bacteria and a host of invertebrates in-

volved in recycling depend upon these organic compounds, 

which are of a tremendous variety, and are integral to biomes 

in diverse ways. 

Interdependence is not necessarily contemporaneous. 

Peat and coal – primary energy sources for polluting humans 

– are highly compressed ancient plant matter. Coal remains 

the largest energy source for electricity generation. Petro-

leum and natural gas too are derived from ancient biomass.  

As humans deforest and dump their exhausts into the 

skies in prodigious quantities, the power of plants goes un-

derappreciated. Each year plants absorb 100 billion tonnes of 

atmospheric carbon, incorporating it into their own tissue.  

This clears 8% of all CO2 in the air. The less foliage, the 

less scrubbing of the atmosphere. 

Plants capture about 4% of the sunlight that beams down 

to Earth, equivalent to 100 terawatts (trillion watts) of 

power.  

As an organic colony, Earth requires a sustained energy 

force. Extinction events have demonstrated that when the 

planet's organic power plant and ecosystem resilience drop 
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below a threshold, the Earth's ecology becomes unstable – 

self-organized criticality in action.  

Earth's biotic power plant consists of plants, which also 

act as a bulwark of planetary stability. Their loss ensures 

death to animals. 

 Medicinal Plants  

What the eyes perceive in herbs or stones or trees is not yet a 
remedy; the eyes see only the dross. ~ Swiss German botanist 
Paracelsus 

When plants first colonized land they were likely to be 

eminently edible. These plants were the great draw for the 

evolution of land animals. 

Self-preservation meant protection. Plants concocted a 

cornucopia of complex chemical compounds for a vast variety 

of intents, many having effects beyond the plants themselves, 

either to the benefit of collaborators or poisoning their in-

gesters. This launched an evolutionary race of increasing so-

phistication in both plant protection and animal digestion.  

Microbes and insects were plants' primary targets. Early 

on, plants and some microbes made peace by mutualism. 

Flowering plants would do the same by domesticating polli-

nating insects. 

But the majority of intruders into a plant's life cycle were 

pests. In due time, plants' chemical armor would serve higher 

animals afflicted by the same species that had been nemeses 

to plants. 

While plants used animals for their own purpose, turna-

bout in time meant that the secondary metabolites intended 

to fend off predation became a compelling reason for animals 

to consume plants. Medicinal plant use by humans is a con-

clusion in terms of animal evolution. 

Plants have always been the foundation of human medi-

cine. Before laboratory synthesis developed in the late 1800s, 

80% of the substances used to cure diseases were plant de-

rived. Plants still account for some 40% of the drugs taken, 

and the inspiration for most others. 
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For well over a century, loggers in the Pacific Northwest 

cut and burned the slow-growing Pacific yew tree, an under-

story evergreen growth to the hardwood trees in the old-

growth forests that were the target of the industry.  

In 1967, taxol, an extract from the yew, was found as an 

effective treatment for various cancers. Overnight, the Pa-

cific yew became more valuable than the hardwood harvested 

for homes and other construction. 

The healing potential of plants remains relatively unex-

plored. Of the over 250,000 species of flowering plants, fewer 

than 5% have been examined for their possible medicinal use. 

The equatorial tropical forests being ravaged by humans hold 

the greatest potential for new discoveries. 

Understanding the utility of a plant is one thing; employ-

ing it a different matter. Of the 28,187 plants known to have 

healing properties, only 16% are being used. 

 History  

Like the apes before them, the earliest hominids learned 

which plants were edible, and otherwise helpful or harmful. 

These hominids relied upon plants for medicine as well as 

food. So esteemed were medicinal plants that they have been 

found buried in graves of people who lived 60 thousand years 

ago. 

 Antiquity  

Though versed in math and science, the then-contempo-

raneous Sumerians, Assyrians, and Babylonians attributed 

diseases to the nefarious influences of supernatural agents. 

Divining cures were the province of priests and priestesses.  

Herbal medicine was practiced and codified. Sumerian 

clay tablets from 6,000 YA catalog many botanical remedies.  

Shénnóng, the Emperor of the Five Grains, reputedly 

lived some 2,800 YA. Myth has Shénnóng teaching the an-

cient Chinese agricultural practices and herbal remedies, 

having tasted hundreds of herbs to test their medical merit.  

Shénnóng is credited with the discovery of tea, which al-

legedly acts as an antidote for the poisonous purports of some 
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70 herbs. Shénnóng is also believed to have introduced acu-

puncture. 

The Shénnóng Běn Cǎo Jīng (Divine Farmer's Herb-Root 

Classic), compiled between 300 BCE to 200 AD from oral tra-

ditions, cataloged Shénnóng's supposed knowledge, which 

consisted of 365 medicines derived from plant, mineral, and 

animal sources.  

120 harmless herbs were listed in the 1st work, featuring 

licorice, cinnamon, jujube, ginseng, orange, and reishi. The 

2nd volume covered 120 substances for treating the sick, list-

ing cucumber, ephedra, ginger, hemp, opium, and peonies 

among them. 

Chaulmoogra, an oil derived from kalaw trees, was also 

listed. Chaulmoogra oil was discovered by Western physi-

cians in the 19th century to be an effective treatment for lep-

rosy: a bacterial infection that had been a scourge for 

thousands of years. 

The 125 entries of the 3rd treatise were of violent reaction 

to ingesting the listed plants, which were usually considered 

poisonous. Rhubarb, pitted fruits, and peaches were fea-

tured.  

While various parts of the rhubarb have culinary and 

herbal uses, the leaves are toxic. The pits of peaches and apri-

cots contain the toxins cyanogenic glycoside and amygdalin. 

Plum and cherry pits, as well the seeds of pears and apples, 

contain cyanide. All these toxins are phytochemical protec-

tions for plants' own procreation. 

Egyptian scrolls from 1,500 BCE listed more than 850 

plant medicines. The Egyptian pharmacopeia included aloe, 

caster bean, mandrake, and opium. Garlic reputedly repelled 

snakes and discouraged tapeworms.  

The slaves that worked the pyramids were fed onions and 

garlic to ward against infections. Juniper berries from Leba-

non were used in purification ceremonies for the dead and 

wrapped in mummies. Royalty were entombed with various 

cosmetics, perfumes, and herbal remedies that may be of 

need in the afterlife. 

Also around 1,500 BCE, portions of the Hindu Rig Veda 

chronicled medical advice. This epic Sanskrit poem became 
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the basis for the Ayurvedic system of medicine, with a phar-

macopeia that comprises more than 1,500 plant-based reme-

dies. 

The Rig Veda mentioned snakeroot to treat snakebite, as 

a sedative, and for treating mental illness. Used for thou-

sands of years in India, snakeroot first became known to 

Western medicine in the mid-20th century. Its active ingre-

dient was found to depress central nervous system activity: 

valuable for treating hypertension and schizophrenia. 

 Early Europe  
In the late 4th century BCE, Greek physician Hippocrates 

believed disease arose from imbalance in the 4 bodily hu-

mors. Hippocrates knew of 300 plant species that might heal. 

Hippocrates primarily employed purgatives and emetics, 

which he prescribed to correct internal imbalances by purg-

ing offending humors. Hippocrates was mindful of their 

power, whence the Hippocratic oath. 

A century after Hippocrates, Theophrastus became the 

first Western botanist, writing extensively about plants. His 

Historia Plantarum (Treatise on Plants) collated his pharma-

copeia of plant medicines, spices, and perfumes. It was such 

a reliable reference that it remained in use for 2,000 years. 

Rome's ascent had many Greek physicians emigrating to 

parts of the empire where herbal remedies were applied by 

peddlers, slaves, and elder womenfolk with practical 

knowledge. Much of Hippocrates' wisdom was forgotten, but 

herbal medicine gained official regard upon Julius Caesar's 

elevation of Greek physicians to Roman citizenship in 46 BCE. 

The weed Queen Anne's lace and silphium were known 

respectively for their contraceptive and abortive effects as 

early as Hippocratic times; a feminine knowledge not lost by 

succeeding generations. Silphium, a relative of fennel, went 

extinct in the 3rd or 4th century CE, probably from overhar-

vesting. 

In the 1st century CE, Greek pharmacologist Pedanius Di-

oscorides authored De Materia Medica: a 5-volume pharma-

copeia featuring 600 medicinal plants; widely read for 1,500 

years. Dioscorides was a connoisseur of botanical subtleties. 
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He knew that the aspect of flowering and time of day foretold 

metabolite potency.  

So it is with opium, which has 4 times the morphine if the 

latex is collected in early morning. Opium poppies have been 

cultivated for food, anesthesia, and ritual purposes since Ne-

olithic times. 

 Medieval Times  
The advent of European Christianity meant the abandon-

ment of rational science for church dogma. This included the 

practice of medicine. It was a throwback to Stone Age times 

of superstition but more rigorously codified, and contraven-

tion barbarically enforced as heresy. 

At the close of the 4th century, Christians torched the 

temple of Zeus at Alexandria in northern Egypt, which 

housed a medical school, with a library of 700,000 books, in-

cluding much hard-won medical knowledge. Post-modern Is-

lamic radicals would be the spiritual descendants of such 

smug ignorance. 

In medieval times, medical practice was reduced to bar-

ber-surgeons and the ministrations of monks, who were more 

apt to prescribe purging and repentance than botanical rem-

edies familiar to the ancients and the more practical pagans 

of earlier times. 

Some monastery libraries preserved the classic texts of 

botany and medicine until they were again allowed as public 

knowledge. De Cultura Hortorum, a 9th-century poem, de-

scribed medicinal flora growing in a monastery garden. 

Contemporaneously, in the far East, Shénnóng's classic 

was being kept up to date. The Arabs were building a new 

hospital in Baghdad, upon a foundation of translated Greek 

and Roman medical texts.  

Persian polymath Avicenna (980 – 1037) became court 

physician by age 18. He wrote some 450 treatises. His most 

famous works were The Book of Healing and The Canon of 

Medicine. The Canon became a standard text at many medi-

eval universities and remained so for 500 years. 
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 Doctrine of Signatures  

Despite Christian idiocy, reliance on plant remedies re-

mained the norm, being codified in the Doctrine of Signatures 

beginning ~70 CE. Its naïve approach was a concept borrowed 

from the Chinese, who conceived that the medical application 

of a plant could be detected by its signature characteristics: 

shape, texture, color, and taste.  

According to the Doctrine of Signatures, for a plant re-

sembling a certain body part, such as the liver or the heart, 

its signature signaled its use. Swiss German physician Para-

celsus promoted the Doctrine in the early 16th century. 

Boneset, eyebright, toothwort, liverwort, maidenhair, 

and heartsease were names given in view of the Doctrine of 

Signatures. Eyebrights were daisies, with their brightly col-

ored centers, suggesting application for improving eyesight.  

Mandrake in the West and ginseng in the East, though 

yielding divergent effects, and strong ones at that, were po-

tent under the Doctrine for being suggestive of the whole hu-

man body. 

Mandrake was used to deaden pain for 2,000 years before 

ether took over its anesthetic gig. The mandrake plant pro-

duces atropine and scopolamine, 2 powerful alkaloids. Sco-

polamine was used in criminal proceedings as part of a "truth 

serum." 

Though the Doctrine of Signatures seems far-fetched, its 

appeal lay in codifying an otherwise cacophony of correspond-

ence between ailment and treatment. The Doctrine spread 

throughout Europe by oral tradition; its signature remedies 

affected by some history of success, and thus providing a 

memory device of at least some merit. 

 

Fierce faith was placed in the power of plants with aro-

matic pungency. Those sick and dying of the plague in the 

14th century were tended by physicians armored by leather 

hoods and face cones filled with reeking herbs. Bouquets of 

pungent wormwood were kept in courts of law to combat in-

fections from prisoners brought into the chambers. 
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 The Renaissance  

The Dark Ages eventually gave way to the Renaissance. 

In the 1500s came a variety of medical botanical texts, almost 

always profusely illustrated.  

One such herbal work was by German 

theologian and botanist Otto Brunfels: 

Herbarum Vivae Eicones (1530–1540), 

which was illustrated by excellent wood-

cuts from German artist Hans Weiditz.  

Brunfels compiled from earlier texts; a 

common practice. But Weiditz took a fresh 

approach: working from live specimens 

and capturing his subjects as they were, 

leaving in wilted flowers and bent leaves. Pictured is Wei-

ditz's woodcut of hellebore, a purgative and poison known 

from ancient times.  

Brufnels was content to write only of plants archaically 

acknowledged, but Weiditz insisted upon illustrating plants 

unknown to ancient botanists and physicians. The result was 

a much more comprehensive, 3-volume body of work. 

The work was ultimately flawed by Brufnels' utter disre-

gard for plant geography. Yet Brunfels has often been called 

a father of botany for his coverage of plants not known to the 

ancients (at Weiditz's urging). 

1,800 years earlier, Theophrastus had noted that plants 

were regional; an ignored truth that resulted in Brufnels 

books being fraught with discrepancies. 

The Doctrine of Signatures continued to hold sway with 

many, some of whom, including Italian polymath Giambat-

tista della Porta, mixed science with superstition in trying to 

work out simple formulae for herbal remedies. If plant sci-

ence failed to sufficiently illuminate a rationale, Porta's be-

lief in natural astrology guided his medicinal theorizing. 

 The 19th Century  

Folks with their wits about them knew that advertisements 
were just a pack of lies – you had only to look at the claims of 
patent medicines! ~ American novelist Frances Parkinson 
Keyes 
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Interest in medicinal plants remained as medical science 

advanced. American Asa Gray trained as a physician but 

abandoned medicine for botany, becoming renowned for uni-

fying the taxonomy of North American plants. Gray and Dar-

win both shared interests in medicine and botany and were 

lifelong correspondents. 

By the mid-19th century, few physicians cultivated their 

own medicinal herbs. Instead they relied upon suppliers. 

The lifestyle-conservative and socially progressive Shak-

ers arrived in America from England in the 1770s. One en-

during legacy of this religious sect was its institution of 

gender equality, unheard-of in the day. 

Another Shaker tradition was herbal medicine. By 1826 

there were 18 Shaker communities in the United States. Sev-

eral were in the business of gathering and growing, pro-

cessing and packaging, and selling herbal treatments 

exclusively to physicians and pharmacists. Their comprehen-

sive catalogs accurately listed 200 to 400 plants by their com-

mon and botanical names, both native American and of 

European origin, the seeds of which were imported and 

grown.  

The Shakers produced a consistent, high-quality product 

with their plants, and most everything they made and sold. 

This was at a time when "patented medicines" were cultivat-

ing a bad reputation through aggressive marketing. An 1849 

Congressional report criticized these rum remedies as "an 

evil over which the friends of science and humanity never 

cease to mourn." The Shakers' botanical knowledge and pro-

fessionalism kept them out of the fray, and even encouraged 

confidence in their products by favorable comparison to 

snake-oil remedies. 

Organic chemistry was on the scientific horizon at the be-

ginning of the 19th century. It had been long held that a nat-

ural vital force was behind the complex chemicals produced 

by medicinal plants, something that scientists could not hope 

to reproduce in the laboratory.  
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German chemist Friedrich Wöhler accidentally synthe-

sized urea in 1828, casting doubt about the truth of there be-

ing a vital force of Nature.* A few years later, Wöhler was 

among those promoting the doctrine of compound radicals: 

that chemical groups can readily substitute for elements in 

constructing complex chemical compounds. This radical the-

ory has been disproven. 

 The Rise of Synthetics  

Increasing knowledge of chemistry spurred efforts to syn-

thesize those compounds presumed to be active ingredients. 

Coal and wood tars were the starting point for the early syn-

thetic organic medicines.  

The 1820 1st edition of the United States Pharmacopeia 

(USP) cataloged 650 drugs; 455 (70%) were plant derived. 

The 1936 11th edition of USP had 570 drugs, with plant prod-

ucts only 40% (206). Between 1920 and 1936, the federal gov-

ernment dropped recognition of many long-standing plant-

derived remedies, favoring corporate-produced synthetics 

whenever available.  

The trend to synthetics stalled in part by the discovery of 

antibiotics. Penicillin was documented in a British publica-

tion in 1875, but its discovery, which was entirely accidental, 

is generally attributed to Scottish pharmacologist Alexander 

Fleming in 1928. Turning penicillin into medicine was a hap-

hazard endeavor, with the first tangible results in 1942. 

The first isolated antibiotic was actinomycin, in 1940, 

from Streptomyces soil bacteria; though actinomycin's tox-

icity precludes its use as an antibiotic. Actinomycin D is one 

of the older chemotherapy drugs. 

Chemotherapy is the great modern medical dice roll of 

cancer treatment: a painful cellular purgative used as a Hail 

Mary in hopes of beating the reaper a bit longer. Such treat-

ment illustrates how humans, driven by ignorant fear, value 

suffering greater than its release. 

 
* That complex compounds may be synthesized does not dispel that 

there is an intelligent force behind their natural construction, nor 

does it disprove the veracity of vitalism. 
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Plant medicines remain common either because synthesis 

still eludes researchers (e.g., morphine, cocaine, podophyllin, 

digitalis) or synthesized versions are cost-prohibitive com-

pared to the natural product (e.g., atropine, reserpine). 

The superior knowledge of plants is still heavily relied 

upon. Even now, 2/3rds of new drugs originate with the dis-

covery of the power of a secondary metabolite. 
 Synopsis  

➢ The chemical energy rumbling in rocks is a leftover from 

Earth's energetic origin. Though this energy sustains 

some microbes, life would have been severely limited had 

it been restricted to the geological produce of geysers and 

hydrothermal vents.  

By harnessing the inexhaustible energy supply of sun-

light, photosynthesis vastly expanded the possibilities for 

life to evolve. Beyond being a power plant for oceanic life, 

plants parlayed photosynthesis to establish themselves 

on land and become the preeminent life there. 

➢ Plants are hardy. Plants have persisted, relatively un-

changed, across extinction events that radically altered 

the mix of animal life. When climactic events affected 

plant populations, they were always quick to make a 

comeback; such is their savvy adaptability. 

➢ Plants manage their own microbiome, which is carefully 

cultivated. A subset of bacterial and fungal species in the 

nearby soil cluster about roots; an even smaller subset is 

allowed inside as a merit reward for productive service.  

The same stresses that affect plants affect the mi-

crobes that live among them. Microbes help plants adapt 

more quickly than they could otherwise.  

➢ Plant immune systems are more sophisticated than those 

of animals. Unlike animals, plants are actively aware of 

an infection at the molecular level, and consciously decide 

how to deal with it. 

➢ Plants are highly intelligent. Plants are self-aware. 

Plants learn. Plants possess long-term memory. Unlike 
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animals, all plant functions and behaviors are under con-

scious control. 

A plant acquires the collective wisdom of its roots and 

combines it with the knowledge learned aboveground by 

branches, leaves, and flowers. From this, a plant fully ap-

preciates its situation in life, and creates social interac-

tions which favor its prosperity.  

Plant epigenomes provide an incredibly extensive da-

tabase of knowledge about numerous life forms, including 

animals. Unlike animals, plants can consciously tap into 

and use this knowledge acquired by evolution. 

Plants make rational reward/risk decisions, incorpo-

rating a richer set of information than animals employ in 

making judgments. 

➢ Plant behaviors comprise chemical concoctions and 

changing phenotype as well as movements. 

➢ Plants have a variety of strategies to optimize health, 

growth, and propagation. 

Plants have a diverse variety of micromanagement 

techniques to cope with various stresses, including too lit-

tle or too much water, temperature extremes, and toxic 

pollution. Plants learn from episodes of stress to better 

manage future responses. 

Most of plants' abilities to alter cellular chemical com-

positions and dynamics to deal with various stresses are 

little understood. 

➢ Metabolites are the chemical products of plant metabo-

lism. Primary metabolites are those essential for a plant 

to live. Secondary metabolites are specialties produced for 

defensive purposes or as chemical propaganda (such as 

putting caffeine in nectar to enhance pollinators' memo-

ries).  

Many secondary metabolites are poisonous, targeted 

at specific species. The production of secondary metabo-

lites is timed to correspond with specific need, including 

accounting for the activities of the pests that prey upon 

plants. 
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Secondary metabolites have been the primary source 

of medicine for humans throughout history. 

➢ Plants are adroit chemists, and sheer wizards at under-

standing the intimate chemistries of other life forms. 

Some secondary metabolites demonstrate plants as 

having intimate knowledge of the life cycle of their pred-

ators at the cellular level, such as being able to retard de-

velopment. Other metabolites change animals' behaviors. 

Some act as chemical cries for help to a predator of the 

pest preying on the plant.  

Unlike animals, which rely upon brute force to eradi-

cate viruses, plants can rob invading viruses of their abil-

ity to hijack plant cells for replication by knowing exactly 

what it takes to silence a virus' RNA. How plants possess 

such fantastic hidden information to outwit an infection 

or fend off predation is not known. 

➢ Plants are social: recognizing their relatives and adjust-

ing their growth patterns to accommodate kin, while vig-

orously competing against unrelated vegetation. 

Plants have a most varied sociality, including cooper-

ative relationships with bacteria, fungi, insects, birds, 

and with each other. They also have various stratagems 

for dealing with pests. 

Ever molecularly verbose, plants communicate with 

one another and with other species. Various advertise-

ments by plants are employed to foster growth and 

health, eliminate rivals, and attract assistance, such as 

for pollination, and help killing parasites. 

➢ Microbes and plants share the ability to selectively alter 

their genetic composition, and are thus able to evolve rap-

idly, and intelligently adapt to changing environmental 

conditions. It is this coherent flexibility that renders 

plants the foundations of the world's terrestrial biosys-

tems, upon which all other land life forms ultimately rely. 

Plants' effect on the planet created conditions favora-

ble for all other macroscopic life. Plants made animals 

possible. Loss of plant life can only be a harbinger for the 

fate of animals. 



 

 Animals  
The term animal comes from the Latin animalis, mean-

ing "having breath." Breath may be slight.  

One nematode – Halicephalobus mephisto – thrives with 

scant oxygen, in deep fracture groundwater that is thousands 

of years old, up to a depth of 3.6 km or more. These little black 

roundworms, 0.5 mm long, withstand crushing pressure and 

searing heat to feast on the biofilm bacteria deep down. Hell-

ish it may be, but there is a functioning biosystem there. 

Other nematode species have been found 1.3 km below 

ground at depleted oxygen levels, warmed to 41 ºC. These 

nematodes may have made their way down to the depths 

from more surface-oriented ancestors. 

Less of an exotic ode than deep-dwelling nematodes, the 

common breadcrumb sponge sips scant oxygen wherever it 

may be found in the North Atlantic Ocean or Mediterrean 

Sea. 

Breath does not distinguish animals from plants. Plant 

pores (stomata) have a regulated cycle of breathing in carbon 

dioxide and exhaling water vapor.  

Animals originated during the chilly Cryogenian period. 

The last common ancestor of animals arose nearly 800 MYA.  

 Tardigrades  

Tardigrades are tiny, nearly translucent 

aquatic animals, found all over the world. 

Tardigrades are commonly known as water 

bears. These little creatures – 0.2–1.2 mm 

long, 0.5 mm on average – may live for up to 

60 years. Terrestrial species live inside the dampness of 

moss, lichen, leaf litter, and soil. Others are found in fresh or 

saltwater. 

Water bears have a well-defined head and 4 pairs of legs 

which are fitted with claws. The legs are used for grasping 

and slow-motion acrobatics, not walking. Tardigrades are en-

cased in a rugged but flexible cuticle which is periodically 

shed as the creature grows. 
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Water bears arose over 600 million years ago, after nem-

atodes, but well before arthropods – some of which, such as 

insects, shed exoskeletons. Tardigrades are a distinctive 

branch on the tree of life. 

Water bears have a physiology like larger animals, with 

muscles, a complete digestive system, a brain, and a nervous 

system. 

With their mouth stilettos, some tardigrades perforate 

plants and absorb the sugary products of photosynthesis. 

Others suck the cellular contents of microorganisms or con-

sume microbes whole. 

The tardigrade body cavity is an open he-

mocoel that touches every cell. This affords 

efficient gas exchange and nutrition without 

the need for circulatory or respiratory systems. It is an ele-

gantly efficient design. 

Water bears generally have separate sexes and reproduce 

by eggs, but there are also hermaphrodites and parthenoge-

netic species. Fertilization is external.  

Tardigrade development is direct, lacking larval stages. 

Water bears are born with their full complement of adult 

cells. Instead of cell division, water bears grow to adult size 

by their cells enlarging (hypertrophy). Tardigrades are eu-

telic: growing only by increasing the size of their cells, as the 

number of cells remains constant upon reaching maturity. 

Through the ages, the wind carried water bears around 

the globe, where they adapted to niches with different envi-

ronmental extremities. There are now over 1,100 species. 

Tardigrades are tough. They have been subjected to tem-

peratures as frigid as –272 Cº, or as hot as 150 Cº (well above 

water's boiling point) and were able to revive after amenable 

conditions returned. Water bears can bear extreme pressure, 

suffocating gases, and seriously salty water. 

Tardigrades survive extreme conditions via miraculous 

adaptations that allow cryptobiosis: suspended animation. 

Tardigrade tissue can withstand freezing crystallization, 

desiccation, and even the rigors of space. Water bears are in-

explicably able to repair DNA damaged by radiation. 
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Tardigrades are as close to indestructible as it gets. ~ Brazil-

ian physicist and astrobiologist Rafael Alves Batista 

In going into suspended animation, tardigrades must dry 

out slowly to survive. In preparation, a water bear curls into 

a ball, termed a tun.*  

To assist in preventing cell death, tardigrades synthesize 

trehalose: a sugar substitute for water, which lets cell struc-

tures and membranes remain intact when desiccated. Fur-

ther, water bears have a unique genetic ability to create 

proteins which preserve cells during desiccation. These pro-

teins encapsulate the molecular components of cells in glass-

like matrices to preserve them, keeping them intact. Adding 

water melts the preservative proteins and sugars, allowing 

cellular revitalization. 

Desiccated water bear cells are merely physical artifacts. 

To sustain themselves as a lifeless powder, tardigrades illus-

trate that living entities are principally localized energy 

gyres which emergently create the material mirage of physi-

cality. 

Tardigrades rehydrate and return to activity within a few 

minutes to a few hours. A tun may be dormant for decades 

and come back to life. 

 

As mobile heterotrophs, animals necessarily interact with 

many other species. Their natural proclivity to extensive eco-

logical encounters radically altered the gyre of life from that 

which existed prior to their emergence. One of the most re-

cent mammals to descend – a gracile, bipedal simian who 

thought itself ruler of the world – would tilt the gyre like no 

other. 

A billion distinct animals have lived since the emergence 

of animals; over 97% of them invertebrates. Over 20 million 

animal species have graced the planet since the descent of 

humans. That number has inexorably dwindled as the global 

human population has proliferated, and much more rapidly 

 
* German biologist H. Baumann called the tardigrade dry husk a 

Tönnchenform in 1922, but it is now commonly known as a tun. 
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in the past century, though with little concern of conse-

quences by its instigator. 

 Sociality  

Those communities which included the greatest number of 
the most sympathetic members would flourish best and rear the 
greatest number of offspring. ~ English naturalist Charles Dar-
win 

Many territorial fish, reptiles, and mammals (e.g., bears, 

pandas, raccoons) live largely solitary lives as adults. While 

mother jaguars take care of their offspring, adult jaguars 

don't associate except to mate. Snakes are presumed largely 

solitary, though their lives are so furtive that we know little 

about them. Relatively few birds are inclined to solitude as a 

lifestyle, generally preferring the company of others. 

There is no consensus on classifying animal societies. The 

most obvious distinction is degree of social integration. The 

basic bifurcation is between presocial and eusocial. 

Eusocial animals are the most social. Eusocial animals 

have: 1) overlapping generations within a colony; 2) coopera-

tive care of the young (alloparenting); and 3) reproductive di-

vision of labor, where only certain colony members procreate. 

In providing the greatest productivity and well-being for 

a population, eusociality is a cogent example of evolutionary 

economics at its most refined. The largest long-lasting colo-

nies are eusocial insects, which effectively function as a sin-

gle superorganism. Human societies are dismally chaotic by 

comparison. 

Presocial animals are less social than eusocial ones in 1 

or more ways. Few presocial animals have reproductive divi-

sion of labor or alloparenting.  

There is a finer categorical slicing for presociality. Ani-

mals which practice parenting are subsocial. Animals of the 

same generation that live cooperatively together in a single 

dwelling are parasocial. 

 The Mirror Test  

Behavior is the mirror in which everyone shows their image. 
~ German writer Johann Wolfgang von Goethe 
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We look upon the intelligence of others with bias. This is 

true of other humans and even more so of non-human ani-

mals. 

Religious bias long precluded serious consideration that 

other life could possibly be smart. Plants, microbes, and 

"primitive" creatures merited no investigation for intelli-

gence. Ignorant human presumption long foreclosed intelli-

gent inquiry – rich irony indeed. 

A few birds, particularly corvids, were considered an ex-

ception. But then, the cleverness of crows has been apparent 

since ancient times. 

As with corvids, the striking smarts of rats rendered ro-

dents acceptable subjects of intelligence research. Their eas-

ily being caged helped. 

Mammals have dominated zoological study of intelli-

gence, especially those most like us. Darwin held a mirror up 

to an orangutan at a zoo and recorded the animal's reaction. 

Darwin did not know what to make of the orangutan's re-

sponses; nor did the orangutan know what to make of Darwin 

and his unnatural object. Hairless apes are mighty peculiar. 

In the late 1960s, American psychologist Gordon Gallup, 

Jr., working with chimpanzees, followed in Darwin's 

footsteps. Others followed. 

The mirror test consists of putting a mirror in front of an 

animal and recording its response behavior. The mirror test 

often involves painting a dot on the test subject's body, as op-

posed to other animals that may appear in the mirror. The 

surmise is that, by indicating its marked dot during a mirror 

test, an animal recognizes itself. Having repeatedly been ex-

posed to mirrors, most toddlers recognize themselves in the 

mirror around 2 years of age; before then, they cannot. 

The mirror test acts a presumed proxy for self-awareness. 

But mirrors don't appear in the wild, so the supposition be-

hind the mirror test as meaningful is silly. 

Cleaner wrasse are a tiny, territorial, tropical fish with 

excellent eyesight. They make their living by cleaning para-

sites off bigger fish. Mark a spot on them and put a mirror in 

front of them, and a wrasse knows right away that something 

is amiss. How wrasse know what they naturally look like is 

a mystery (the inherent enigma of the mirror test). 
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Trained pigeons pass the mirror test but not untrained 

ones. So too monkeys. Wild creatures' lack of exposure to mir-

rors is the difference. With familiarity comes comprehension. 

People score higher IQs when they are familiar with the test.  

Monkeys are superior to men in this: when a monkey looks 
into a mirror, he sees a monkey. ~ Mauritian writer Malcolm 
de Chazal 

Animals known to recognize themselves in the mirror in-

clude magpies, elephants, dolphins, and apes. Many different 

monkeys were given the mirror test over the years. Only a 

tiny South American monkey – the cotton-top tamarin – 

passed. Researchers dyed tamarins' white topknot in bril-

liant psychedelic colors, a change no self-respecting tamarin 

could fail to notice. 

Mirror test results can be ambiguous, depending upon the 

intelligence of the observer, not the participant. Presented 

with a mirror, pigs don't care what they look like. But swine 

are quite willing to use the information from a mirror to find 

food, which is of considerable interest. 

In the end, experiments that test animals' cognition by deter-
mining when they succeed and when they fail may reveal more 
about human minds than other species. ~ American life-sci-
ences writer Susan Milius 

 Insects  
What would be left of our tragedies if an insect were to 

present us his? ~ Romanian philosopher Emile Cioran 

Insects comprise over half of all animal species. Before 

the onset of the mass extinction event caused by men, insect 

populations were prolific. 

One in every two animals is an insect. ~ Australian entomol-
ogist David Yeates 

There are 10 million different insects. Of that assem-

blage, only 2% are eusocial.  

Insects have a hard exoskeleton made of chitin microfi-

bers surrounded by protein matrices which vary by insect. 

Exoskeletons are layered, analogous to skin. The outer layers 

block foreign matter from entering, protect from abrasion, 
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and reduce water loss. Skeletal muscles attach to the inner-

most layer.  

Despite their small body size, insects have many more 

muscles than vertebrates, as the exoskeleton provides pro-

portionately greater surface area for muscle attachment. 

The strength of exoskeletons is impressive. The skinny 

neck of an ant can withstand 5,000 times the ant's body 

weight. 

Insect bodies have a 

tripartite segmentation: 

a head, thorax, and ab-

domen. The head houses 

compound eyes, 2 anten-

nae, and mouthparts. 

The thorax bears wings, 

if wings are present. The 

abdomen holds the di-

gestive system.  

Insects have 6 legs 

(hexapods), while arach-

nids (e.g., spiders) sport 

8 legs (octopods). 

Reflecting their vast variety of diets, the mouthparts of 

insects vary enormously. Adaptively, this part of an insect is 

the most variable. 

Antennae are an essential sensory organ. In flight, flies' 

antennae keep them on course in the face of a breeze.  

Tiger beetles scurry after prey so fast that they run blind. 

Antennae keep constant alert for obstacles. The beetles none-

theless must periodically stop for milliseconds to relocate 

prey. 

Honeybees use their right antenna to distinguish be-

tween compadres and strangers. Their left antenna is more 

smell sensitive and plays a key role in communication. 

In evolutionary time, insects are the earliest known euso-

cial creatures. Honeybees, weaver ants, leafcutter ants, and 

termites are exemplary eusocial insects. By contrast, Hyme-

nopteran insects are presocial. Hymenoptera is the insect or-

der which includes wasps, sawflies, and some early-evolved 

ants and bees. 

thorax 

mouthparts 

head 

abdomen 

Insect 

antennae 
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 Metamorphosis  

Metamorphosis is the physical process which animals un-

dergo during development. There are 3 types of metamorpho-

sis: ametabolous, hemimetabolous, and holometabolous.  

Ametabolous development is simply a gradual size in-

crease until adult dimensions are attained. Such growth oc-

curs in silverfish, springtail, and other primitive insects. 

In later-evolved insects, such as grasshoppers, termites, 

and true bugs, gradual, or hemimetabolous, metamorphosis 

transpires. The hemimetabolous life cycle is: egg, nymph, and 

adult. A nymph, or immature insect, roughly resembles an 

adult in form and eating habits, but differs in body propor-

tions, size, and coloring. Visible rudimentary wings develop 

externally. Development gradually occurs, involving a series 

of molts (periodic shedding of the outer skeleton). An adult 

emerges after the final molt. 

The most dramatic metamorphosis is holometabolous: 

egg, larva, pupa, adult; occurring in beetles, butterflies, 

moths, flies, wasps, and bees. Larvae are wormlike grubs 

which pupate to transform into adults. The pupal stage is im-

mobile and nonfeeding. Wings develop externally as larval 

organs and tissues are replaced with adult structures during 

pupation. 

 Wings  

Insects are the only invertebrates that evolved flight. Our 

understanding of their remarkable flight abilities remains 

incomplete. 

Insect wings are outgrowths of the exoskeleton. There are 

commonly 2 pairs: the forewings and hindwings, though a 

few insects lack hindwings. 

In some species, only 1 sex has wings; typically, the male. 

Velvet ants and twisted-wing parasites (Strepsiptera) are ex-

emplary. 

Strepsipterans are endoparasites of other insects, includ-

ing bees, wasps, leafhoppers, cockroaches, and silverfish. Vir-

gin females stay within the host upon hatching, drawing 

flying males to them by a pheromone locator. 
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In some eusocial species, such as ants and termites, flight 

is selective. Workers don't have wings. 

Wings may be produced only at a certain time in the life 

cycle. Aphids wing it only during a dispersal phase. 

Insects wings are cuticles made from chitin: the 2nd-most 

common natural material due to its toughness. Grasshopper 

legs are also chitin cuticles. For their weight, grasshopper 

legs are one of the sturdiest organic constructions known. 

The cuticle membranes of insect wings are not so tough. 

They are instead subject to cracking. Yet grasshoppers and 

locust fly for days, over deserts and oceans, on wings 10 times 

thinner than a human hair. The wings withstand hundreds 

of thousands of beats. 

The wings do crack at spots, but the cracks are contained 

by veins that crisscross each wing, segmenting a wing into 

hundreds of pieces. Veins that act as crack barriers increase 

wing durability by 50%. 

Wing veins are heavier than the cuticle membrane. There 

is a mathematically ideal ratio between the protection that 

veins provide versus the additional weight they impose. In-

sect wings possess the optimal trade-off between lightweight 

cuticle membrane segments and vein patterning. Insect 

wings are a miraculously ideal adaptation. 

Insect wings start as living tissue. During maturation 

into adulthood the cells between the strut work of wing veins 

die. The dried-out zones may become cellophane-clear or take 

on coloration; bordered by the vein network, wings may look 

like stained glass in a cathedral window. How that happens 

has been mysterious until quite recently. 

It was long thought adult insect wings were themselves 

simply structural cells; as alive as toenails. But they are in-

stead living, breathing appendages. Wing veins have their 

own respiratory tubes, nerves, and such. 

 Morpho Dragonflies  

Morpho dragonflies of South America have wings that are 

a shimmering blue. There is no blue pigment on these wings. 

Instead, oxygen captured in the respiratory tubes of the 

wings creates the lustrous blue. How that happens involves 



450 Spokes 2: The Web of Life  

quite complex physics. Nanoscale spheres on the wings are 

sandwiched between blankets of black pigment-filled 

nanolayers. This setup enhances blue light reflections off the 

veins, while stifling other wavelengths. That is not all. On 

top are 2 more nanolayers, each made of wax crystals shaped 

like little leaves, which play tricks with the light to further 

the blue. 

The blue of morpho dragonfly wings is an honest signal of 

health, which helps to intimidate rivals for the best territory 

for mating opportunities. Beyond the bright blue wings, there 

is no courtship display for these dragonflies. A female flies in 

to inspect a true-blue male and he grabs her. 

 Feet  

While wings are striking for granting the power of flight, 

feet are not so facilely impressive. But the workings of insect 

tarsi are practically as important as their ability to flutter 

and fly. 

Many insects leave lipid footprints. These may help ad-

here to a smooth surface and serve in prey capture and pred-

ator defense. Beetles notably appreciate sticky feet for these 

reasons. 

Telltale tarsal marks may be as much for remembrance 

of past action as they are for traction. Ants navigate to found 

food stores and make their way back to the nest partly upon 

the scent that their footprints leave. 

Smelly feet are salient to foraging bees. Scent marks tell 

a bee how recently the nectar of a flower has been harvested, 

signaling whether lingering is worthwhile. 

Bees can also tell by scent mark who visited: a family 

member or stranger. Such intel can be critical in determining 

the potential productivity of a flowerbed. A field lousy with 

competition indicates that an abundance of blooms is not nec-

essarily the sweet smell of success. 

There is a nefarious side to the scent marks of bee feet. 

Socially parasitic cuckoo bumblebees use the smell of foot-

prints to recognize their potential host. Their own cuticle hy-

drocarbons mimic those of those bees whose homes they aim 
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to invade, thus allowing these homewreckers to enter unan-

nounced. 

 Fairyflies  

The fairy wasp is the smallest insect in 

the world:  a mere 0.5 to 1.0 mm long. Life 

as well is short: but a day or 2, though ac-

cess to food may stay the grim reaper for a 

little while. The longest-lived fairfly species last 3 to 11 days. 

Fairyflies live in temperate and tropical regions through-

out the world, from desert to rainforest, but are seldom no-

ticed by people. At least 5 species are aquatic, living above 

freshwater ponds and streams. 

Mating is a brief encounter, without courting behaviors, 

between a single male and female. No interest by either party 

lies past that. The females of some species can reproduce 

without males. 

All fairy wasps are parasitoids of the eggs of other insects, 

which are commonly laid in places concealed, such as plant 

tissues or underground. A fertile female searches for suitable 

host eggs by tapping antennae over the stems and barks of 

plants, looking for a telltale scar left by another insect's bor-

ing and egg-laying.  

Once a candidate egg nest is found, a fairy wasp inserts 

her antennae into the recess to sense the suitability of the 

eggs. Having found a clutch of apposite victims, a fairyfly 

places her eggs inside the host's eggs with her ovipositor, feel-

ing her way with her antennae. The implanted host eggs be-

come nourishment for developing fairyfly larvae, which 

rapidly emerge. 

Fairyflies are typically solitary, but sometimes gregari-

ous in encounters with each other. Though short-lived, their 

behaviors are similar in sophistication to related asocial 

wasps (chalcid wasps).  

The fairy wasp brain is remarkably tiny too. Fairyflies 

shed much of their neural network in reaching adulthood, 

with the simplest of neurons, over 95% of which lack a nu-

cleus. It makes one wonder where fairies store their smarts; 

surely not in any physical substrate. 
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 Dragonflies  

Dragonflies are the fiercest predator in the insect world 

and the most successful hunter of all animals. Lions are lucky 

to catch 1/4th of the prey they pursue. Half of the hunts by a 

great white shark end empty mouthed. In contrast, a dragon-

fly taps its target over 97% of the time. 

A dragonfly commonly consumes its catches on the fly, 

not bothering to alight. A meal is munched while looking out 

for the next. Dragonflies are voracious. 

Dragonflies eat other flying insects: mosquitoes, flies, 

bees, and wasps, though vary rarely butterflies. In a pinch, 

ants are sometimes snatched. In turn, dragonflies are preyed 

upon by larger dragonflies, spiders, birds, lizards, frogs, and 

water bugs. 

A dragonfly can selectively focus on a single prey amid a 

fluttering cloud of other insects. A dragonfly tracks its target, 

constantly calculating intercept trajectory while adjusting 

for changes. It has a mental model of its body flying through 

geometric space to precisely rotate and align with its prey's 

flight path.  

At the end of the chase, the dragonfly makes a basket out its 
legs and the prey drops into it. ~ American zoologist Anthony 
Leonardo 

A dragonfly can even keep 2 targets in mind: switching 

from one to the other opportunistically. This multitasking in-

dicates working memory and high-order thinking compara-

ble to the most intelligent animal species. 

Dragonflies on the hunt perform internal calculations every 

bit as complex as those of a ballet dancer. ~ Anthony Leonardo 

Dragonflies are ambush predators. A dragonfly attacks 

from behind and below, so that its prey remains unaware of 

its impending doom. 

Dragonflies are adept aerialists: able to hover, dive, fly 

upside down and backward, pivot 360° in 3 tiny wing beats, 

and zip through the air at 48 kilometers per hour: the fastest 

insect flier. 

The wings of many insects move largely as a unit, by flex-

ing the entire thorax. A dragonfly has 4 ultraflexible wings 



 Animals  453 
 

attached to the thorax via independent muscles. This allows 

each wing to be maneuvered independently.  

The result is unparalleled aerial ability. Only humming-

birds are comparable. Unlike a hummingbird, a dragonfly 

can be missing an entire wing and still capture prey. 

Dragonfly visual acuity matches aerial agility. With 

30,000 ommatidia (photoreceptors units) in each of its com-

plex eyes, vision is all around all the time. 

Dragonflies have tetrachromatic vision: red, green, blue, 

and ultraviolet. They also see polarization, which affords 

even greater vision faculty. 

Dragonflies may use different opsins at different ages, to 

optimize their vision to their environment. The larvae of 

some species that hatch in sand may lack blue opsins, as blue 

light does not easily reach them. 

There are trade-offs to the extraordinary processing de-

mands of dragonfly flight and sight. Dragonflies are practi-

cally deaf, and their stubby antennae don't smell very well. 

Dragonflies are not a very differentiated group. There are 

only 7,000 species worldwide; contrasted to hundreds of thou-

sands of beetles and butterflies. Like sharks, dragonflies' 

striking success merits modest speciation. 

 Cockroaches  

Both the cockroach and the bird would get along very well 
without us, although the cockroach would miss us most.  
~ American naturalist Joseph Wood Krutch 

A cockroach may live a year of more. 

75% of a roach's life is in development: go-

ing through a series of nymphal stages, 

becoming more adult with each step.  

Cockroaches of all ages live commu-

nally near food and shelter. Adult females often cluster to-

gether socially to keep unwanted male suitors at bay. 

Some cockroach species incubate their eggs internally, 

bearing live young that stay in contact their mother for hours 

after birth. The close contact may be critical for survival, as 



454 Spokes 2: The Web of Life  

newborn cockroaches are extremely vulnerable to cannibal-

ism. And young cockroaches pick up nutrients from mom. 

Cockroach mothers are conscientious. 

Catching a cockroach isn't easy, even for toads, their nat-

ural predators. Just before a toad unfurls its lightning-fast 

tongue to snag a roach, the insect has already turned and 

started to dash to safety. 

Cockroaches may be psychic, but there is a more tangible 

explanation. A roach has wind-sensitive hairs on its cerci: the 

paired whisker-like appendages protruding from the rear of 

its abdomen. The smallest gust tells a cockroach that some-

thing is astir, and from which direction. 

Roaches are acrobatic escape artists. Upon reaching the 

edge of a hiding place that offers an underside, a cockroach 

grips the edge with hook-like claws on its rear legs, and 

swings 180° to land firmly underneath, upside down. A roach 

can pull off this maneuver in 1/5th of a second; faster than 

any pursuer can follow. 

Keeping a low profile is essential to cockroach survival. 

These furtive creatures prefer the dark and have adapted to 

it with a keen sense of smell. Just as we make mental maps 

based upon sight, cockroaches mentally map via olfaction, 

creating cerebral smellscapes. 

Cockroaches have lived with hominids at least as long as 

the hairless apes took to sleeping in caves, where roaches re-

sided before they had homes built for them. 

The 4 most common cockroaches in the US arrived with 

immigrants. The abundant German cockroach came with the 

earliest waves of Europeans coming to the New World. The 

larger American cockroach arrived on slave ships from Af-

rica. 

Individuals and their personalities matter. ~ French ethol-
ogist Odile Petit 

Each cockroach has its own personality. Cockroaches are 

gregarious. Colonies make collective decisions via personal-

ity-driven group dynamics. 

Once they move in, they don't leave. ~ American ethologist 
Mark Stoeckle 
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Roaches are reluctant to relocate. Once infested they feel 

invested. This is evidenced by local populations belonging to 

the same gene pool. On the Upper West Side of New York 

City, 80% of the American roach residents there are related. 

On Roosevelt Island, it is 90%. 

 Bees  

Bees descended from wasps which decided over 150 MYA 

that provisioning with sweet nectar and protein-rich pollen 

from flowers beat hunting other insects. Subsequent coevolu-

tion with angiosperms resulted in radiation which begat 

~20,000 extant bee species. 

Bees are classified into 9 families, which are divided into 

3 broad groups, based upon average tongue (proboscis) 

length. Shorter-tongued bees tend be more ancient: more 

reminiscent of their carnivorous wasp ancestors. By contrast, 

long-tongued bees are more specialized to the floral-foraging 

lifestyle. Bumblebees and honeybees are this group. 

Irrespective of tongue length, bees vary in their sociality. 

Some are solitary, whereas others, such as honeybees, are 

eusocial. 

Not all bees are solely into nectar and pollen. ~450 bee 

species prefer floral oils for larval food and nest construction; 

a resource provided by ~2,000 distinct plants. Oil-collecting 

bees are in the most ancient families. 

 Honeybees  

The combination of cooperation and division of labor 
bestows a tremendous advantage upon the social insects.  
~ American entomologist Bert Hölldobler & American 
sociobiologist Edward O. Wilson 

Honeybees descended from tropical 

Asian bees that nested in cavities. 300,000 

years ago they swiftly spread across Eu-

rope and Africa. Honeybees were brought 

to the Americas in the 17th century by 

Spaniards who called honey "liquid gold." 
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Although honeybees are ostensibly tropical, the genus 

has proven to be extremely adaptable generalists. Only 7 spe-

cies of honeybee are recognized, albeit with over 44 subspe-

cies. 

Though other bees produce and store honey, only honey-

bees build wax nests, which are commonly called hives.  

Honeybee colonies are the apex of bee civilization. But all 

bees are builders. Osmia avosetta, a solitary mason bee na-

tive to the Levant, builds her 1-cm long, cocoon-like brood 

chambers out of flower petals she has collected and glued to-

gether. For insulation and integrity, the initial flower-petal 

layer is lined with mud, which is then covered over in an-

other, interior layer of flower petals. 

The ecological importance of honeybees cannot be over-

stated. 80% of all flowering plants are pollinated by insects; 

of these, 85% by honeybees. 90% of fruit trees depend on hon-

eybees for their pollination. The foragers of a honeybee colony 

may visit several million flowers on a single workday. 

The social structure and life cycle of a honeybee hive is 

well known. A single queen breeds for a colony filled with fe-

males. 

A hive may have 100,000 members. The larger the popu-

lation, the more efficacious the foraging – economy of scale. 

Bees in large colonies are efficient food finders, mobilizing 

foragers to productive flower patches much quicker than in 

smaller hives. 

A honeybee hive is a huge sorority. Honeybees only start 

to produce brood cells for males (drone comb) when colony 

size reaches 4,000. How a hive knows its population count is 

not known. 

Drones are made and tolerated only when colonies can 

support them and when virgin queens of other colonies are 

anticipated.* Drones spend most of their time at mating sites 

teaming with hundreds or thousands of other drones, com-

peting for the favors of the few gynes which show. 

 
* The timing and extent of drone production is controlled by many 

of the same factors which influence the decision to swarm. 
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To avert the perils of inbreeding, bees tend to nest near 

one another. A sizable hive may host 200–300 drones (males) 

during the summer breeding season.  

Drones' only role is to inseminate virgin queens of other 

colonies. A drone takes 3 seconds to ejaculate before its penis 

is ripped from its body; upon which, writhing in pain, it dies. 

 

Honeybee colonies are complex societies, with a vast va-

riety of tasks needed to maintain a hive. Too little diversity 

could threaten colony survival. Yet honeybees have only 1 

queen; so she takes precautions. 

In prelude to founding a colony, a queen will mate with 

as many males as are available. 2 dozen drones is typical, 

allowing a new queen to store 7 million sperm. 

This polyandry results in a healthier hive, as the queen 

acquires probiotic bacteria from her sexual encounters. Her 

microbiota are propagated throughout the colony. 

Multitudinous mating serves another, veiled purpose. It 

fosters societal stability.  

Workers in nearly half of yellow-jacket wasp colonies 

eventually revolt against their queen. They do so because the 

queen had only 1 mate, making workers less closely related 

to the queen's sons than ones that they would produce. Work-

ers want males more closely related to them, so they over-

throw the queen and produce their own drones. 

The other technique that engenders variation among hon-

eybee workers is genetic recombination, to mix traits, and en-

gender diversity in the colony. Honeybee recombination rates 

are higher than any other animal; more than 20 times that 

of humans. Honeybee workers don't know how related they 

are to their coworkers. This ignorance fosters social cohesion. 

Emergency queen selection presents workers with an oppor-
tunity to select full- (0.75 relatedness), rather than half- (0.25 
relatedness) sisters as new queen candidates. ~ American en-
tomologists James Withrow & David Tarpy 

When a queen suddenly totters, instead of promoting "su-

persister" larvae that are more closely related, workers select 

"royal" larvae as candidates to become the new queen. Rather 
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than be selfish, workers look to the good of the hive in main-

tain diversity. 

Nepotism is overridden by favoring cooperation and altruism. 

~ James Withrow & David Tarpy 

 

In various behaviors and overall level of discipline the 

personality of a honeybee colony reflects that of the queen. 

Workers of course also have their own personalities. 

Hive personality can make the difference whether a nest 

survives the winter. A colony lacking disciplined diligence is 

at risk. No species illustrates the importance of leadership 

like honeybees. 

 Life Cycle  

A queen bee lays just 1 pearly-white egg into each brood 

comb cell.* A goodly portion of yolk is laid into the cell prior 

to the egg. The queen glues the egg to the floor of a cell. 

After 3 days the eggs hatch into larvae: tiny wormy crea-

tures as white as snow.† All other insects hatch from their 

eggs by rupturing the egg membrane. Honeybee egg mem-

branes uniquely dissolve during eclosion (hatching from the 

egg). 

Nursing larvae is an intensive mothering. Nurse bees 

make ~10,000 visits to each larva during its development.  

Larvae are fed by nurse bees from special glands in their 

heads which produce bee milk: a milky-white liquid which is 

the honeybee equivalent of mother's milk. To produce this 

food, nurses must gorge on protein-rich pollen.  

Bee milk which is deposited in gyne (larval queen) cells is 

called royal jelly. The protein royalactin in royal jelly engen-

ders development of a queen via epigenetic modifications. 

Brood food refers to any food provided to growing larvae, 

including bee milk/royal jelly and other foodstuffs. Whereas 

 
* The brood cells of queens-to-be are separate from those of workers. 
† 72 hours is average. Incubation time varies from ~44 to ~144 

hours. 
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brood food may be placed in more spacious gyne cells, worker 

and drone larvae are always fed directly. 

The food given to larvae depends upon their age and 

caste. All larvae are fed mainly bee milk for a brief period in 

early development. Only gyne are extensively fed royal jelly 

throughout the larval stage.  

All larvae are vaccinated against local pathogens. The 

vaccine, in the form of a bee blood protein, is put into brood 

food. 

Whereas queenly larvae consistently receive a diet rich in 

proteins and sugar, the brood food of worker larvae changes 

during development. To rapidly gain weight, young worker 

larvae get a rich diet. Older larvae require less protein; in-

stead needing a high-sugar diet to complete development.  

Bee milk is mixed with crop contents in specific propor-

tions for proper nutritional value, depending upon develop-

ment stage and caste. The mixture of bee milk, honey (or 

nectar), and pollen given older worker larvae is sometimes 

called bee bread. 

Larvae tell their caregivers what they want to eat via 

pheromones, which waft through the hive. Foragers adjust 

their harvests based upon these chemical communiqués. 

Workers recognize larval age by detecting changes in the 
pheromones emitted by larvae as they mature and adjust the 
foraging division of labour (pollen versus nectar) to meet the 
nutritional needs of the colony's brood. ~ American entomol-
ogist Kirsten Traynor et al 

After 6 days, worker larvae spin their cocoons and pupate: 

mummies in the privacy of their capped cell.*†‡  

 
* Developing bees undergo 6 molts, during which the exoskeleton is 

shed. 5 of these occur during larval development. The last hap-

pens when a bee emerges as an adult. 
† The final larval molt is the metamorphosis into a pupa. Prepupal 

larvae begin to look like adults just before the cuticle is shed. Fol-

lowing the molt, as a pupa, the adult bee form is obvious. 
‡ To spin a cocoon, a larva uncurls, stretching out fully within its 

cell, with its head towards the capped end. The cocoon is mostly 

secreted silk from what will become salivary glands in adults. 
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The cell is capped at the proper time by workers tending 

the larvae. 12 days later adult bees chew their way through 

the wax cap, ready to join the hive.* Whereas workers go from 

an egg laid to a bee in 21, queens develop in 16 days, while 

drones take 24 days. 

 

Worker bees live only 6 weeks. A queen may live for 3 

years, eventually worn out from laying a prodigious 1,000 to 

nearly 2,000 eggs a day, depending upon the season. A queen 

lives for the continuance of the hive, relentlessly laying 

500,000–750,000 eggs in her lifetime. 

 King Bee  

Conformant with the ways of the human world, the large 

bee heading the hive was thought to be a king well into the 

17th century. 

The king bee never leaves the hive, either for food or any 
other purpose, except with the whole swarm. ~ Aristotle 

As early as the 300s (6 centuries after Aristotle), writers 

were mentioning the "mother bee." Despite the descriptor, 

she wasn't really running anything – she was too busy laying 

eggs. The idea of a female leading any animal society seemed 

absurd. 

 

6 to 10 young bees, usually less than 12 days old, con-

stantly attend the queen, grooming and feeding her rich royal 

jelly, which includes an immune-system booster. 

Colonies grow in size as long as floral resources support 

them or until a queen falters. 

The queen secretes a pheromone which suppresses ovula-

tion in the ovaries of workers and prevents them from rearing 

new queens. Workers frequently lick the queen. In offering 

 
Also mixed in is feces. A larva defecates early during cocoon con-

struction, having been unable to do so during its larval feeding, 

as it had no outlet. The feces provide pupal casing material. 
* Under normal colony conditions, brood mortality is low: over 90% 

of the eggs laid live to adulthood. 
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food to other workers, the queen substance pheromone is 

passed around the brood chamber.  

Colony business as usual lasts only as long as a queen 

keeps doping the colony. It is an honest signal of a queen's 

productivity, which is essential to hive survival.  

Workers replace queens when they weaken.* Within an 

hour or 2 of a queen becoming ill or dying, workers in the 

brood area initiate changes to usher in a new regime: con-

structing queen cells for the youngest larvae, who are fed 

royal jelly throughout their larval lives, thus destined to 

eventually fight each other for the role of queen.  

The entire process from queen loss to a new queen regime 

may take nearly a month. In the meantime, the old queen 

continues to lay eggs if she is able, and often is not eliminated 

until a successfully mated new queen begins her own egg-

laying. The tolerance of the old queen is a hedge: ensuring an 

egg-layer in the event a virgin queen fails to return from her 

mating flight. 

As colonies grow, the dilution of queen substance below a 

critical threshold is a factor that can lead to hive division by 

swarming. A 2nd queen is born into the hive. She takes thou-

sands of her followers to another residence as the sky buzzes 

with bees. Having been informed by scouts of possibilities, 

the queen has her own criteria for what constitutes a suitable 

nest. 

 

Almost all feral colonies swarm sometime in the spring. Up 
to 40% of the swarms which successfully establish new nests 
will swarm again, causing a secondary peak in swarming at the 
end of the summer. ~ Canadian entomologist Mark Winston 

Swarming is a well-timed and coordinated activity involv-

ing thousands of individuals, albeit centered upon queen 

rearing. The decision to swarm depends on several factors, 

though resource abundance is a primary stimulus. 

 
* Supersedure tends to happen in the late spring or early summer, 

though may occur anytime from early spring through autumn. 
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Honeybees evolved in the tropics and expanded into tem-

perate biomes, where winter's chill takes a toll. Obviously op-

timists, as evidenced by their entrepreneurial swarming, 

honeybees may push themselves beyond their limits. 

Many colonies in temperate climates do not survive the win-

ter; most starve to death. ~ Mark Winston 

 

Honeybees are altricial. Being well taken care of as a 

larva is essential to a honeybee becoming a productive mem-

ber of the colony. Workers look after each other. 

A worker typically performs a variety of primary tasks 

through her life, taking on new roles as she ages. Task as-

signment is also a matter of inclination and capability. A rel-

ative few workers stick with the same task for much of their 

lives, such as grooming other workers. 

Worker bees are both generalists and specialists. Any one job 
such as cell cleaning, brood tending, or foraging is highly spe-
cialized, yet a typical worker will perform many of these spe-
cialized tasks within the space of a few hours, and perhaps 15–
20 such tasks during her lifetime. ~ Mark Winston 

Young workers tend to work in groups, keeping the hive 

clean and acting as nurses to the next generation: tending 

developing brood and capping off older larvae as they enter 

pupation. During the 2nd week of adulthood, while some bees 

move to tending the queen, others patrol the hive for any ab-

normalities in eggs or larvae. 

Older workers influence younger workers. ~ American en-

tomologist Rachael Kaspar 

After a worker's royal jelly gland atrophies from age, 

within a very few days, a worker may move on to building 

comb cells. There are other career changes as life progresses, 

and to meet the needs of the nest: receiving pollen and nectar 

from foragers or guarding the hive.  

For some in their 2nd week of adulthood, orientation 

flights outside the hive begin for apprentice foragers. Within 

a few days, a young bee graduates to full-fledged forager. 
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This general sequence may be modified to fit the needs of 

the colony, which varies depending on the flower crop, tem-

perature, colony age, and other factors. Wide-scale worker co-

ordination is possible because of honeybees' sophisticated 

languages and superior sociality. 

Workers adjust their temporal division of labor schedules in 
response to a broad range of nest and external environmental 
conditions. These adjustments provide a flexible caste system 
exquisitely tuned to colony requirements. ~ Mark Winston 

 

Honeybees forage for pollen, nectar, and resins. Pollen 

and nectar are collected from flowers. Honeybees switch their 

foraging focus between nectar, pollen, and the ingredients for 

propolis depending upon immediate colony needs. 

Pollen seems practically weightless, yet an average hon-

eybee colony collects 30 kg of pollen over a flowering season. 

As nectar is 70% water, it has heft. A beehive takes in 60–

1,600 kg of nectar a year, producing half as much in honey.  

Per volume, resin is a modest part of the harvest, but it is 

quite important. Some resin comes from blossoms, but most 

comes from buds, fruit, or leaves. The resin is used to produce 

propolis: an invaluable substance to bees as both medicine 

and for home repair. 

 Honey  

Food exchange among workers is at the heart of the social 
system of these insects. ~ American entomologist Charles 
Michener 

A honeybee sucks the nectar from a flower using her pro-

boscis, storing it in her honey crop, a specialized organ in the 

foregut. When a forager returns to the colony, another worker 

takes the nectar from her honey crop and spreads the nectar 

over a wax honeycomb to evaporate it.* Bees actively dry in-

cipient honey out by fanning their wings over it. 

 
* The nectar collected by foragers can be directly fed to brood and 

adults but is typically processed into honey first. Worker larvae 

consume 142 milligrams of honey during development. 
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Making honey is more than moisture control. Honeybees 

are adept chemists. At the onset of the honey production pro-

cess, the nectar-harvesting bee adds a proper portion of in-

vertase: an enzyme that breaks the sucrose in raw nectar 

down into the simpler, more digestible sugars dextrose and 

fructose. 

After being processed, honey has only 18.6% water: so lit-

tle that microbes cannot colonize it. The high osmotic pres-

sure of honey, being ~80% sugar, is also inimical to microbes. 

A byproduct of invertase-provoked sugar breakdown is hy-

drogen peroxide, which is an antibacterial.  

Some plants put antimicrobials in their nectar as an as-

sist to their pollinators. More self-interested, but still helpful, 

are the antibiotics that plants tuck into their pollen. 

Honeybees appreciate the antimicrobial property of their 

honey. 'Nurse' bees selectively feed medicinal honey, which is 

especially high in antimicrobials, to nestmates if they fall ill. 

Dried honey is capped in the cell it was made in with an 

airtight wax seal. 

Preserved in honey are the perfume, mineral salts, and 

nitrogenous products which the plants put in the nectar. This 

gives each honey a unique bouquet by its originating flower. 

Honey consumption fuels wax secretion. It takes nearly 9 

kg of honey for a young worker to produce 1 kg of wax. 

 Pollen  

Unlike nectar, returning foragers pack collected pollen 

into cells on their own. Loose pellets are moistened with sa-

liva and regurgitated honey, then packed into the bottom of 

cells by pushing the pellets with a forager's mandibles. 

Packed pollen is often covered with a thin layer of honey as a 

preservative. Pollen stored this way lasts for many months, 

until needed. By tracking packing dates, bees rotationally 

consume their produce to avoid spoilage. 

 Wax  

Honeybees and bumblebees make their nests of wax. 

Composed of esters (modified fatty acids), beeswax is derived 
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from nectar. Workers craft wax by huddling together to raise 

their body temperatures, whereupon they secrete small wax 

flakes from glands in their abdomens. Ambient temperature 

must be 33–36 °C to secrete wax. The size of a bee's wax gland 

size depends on its vitality; wax glands gradually atrophy. 

Once wax flakes have been excreted, other workers take 

them to the areas of the hive where they are needed to build 

cells for brood and the storage of honey and pollen. 

Fresh wax is colorless and glass-clear, becoming opaque 

after mastication and intentional adulteration by workers. 

Beeswax becomes progressively yellower or browner by add-

ing pollen oils and propolis, which bees know are anti-micro-

bial. 

 Honeycomb  

Honeybees are expert engineers. In 

making honeycomb, they literally use 

their head. Hair plates at the base of 

the neck serve as a plum bob to deter-

mine the line of gravity. Bees tilt the 

axis of the cells slightly up from the 

horizontal to preclude honey from 

flowing out. 

Honeybees do not create the hexagonal shape that honey-

combs take. Instead, they apply a little geometry and let 

physics do the work.  

A regular geometric array of identical cells with simple 

polygonal cross-sections can take only one of 3 forms: trian-

gular, square, or hexagonal. Of these, hexagons divide up the 

space using the smallest wall area. In honeycomb, hexagons 

use the least wax. 

To form honeycomb, bees make cells that are circular in 

cross-section, packed together like a layer of bubbles. The 

wax, softened by bee body heat, gets pulled into hexagonal 

cells by surface tension at the junctions where the walls 

meet. 1 kg of wax can support 22 kg of honey: over 20 times 

its weight. Workers allocate wax with accuracy. 

Honeycomb construction progresses seemingly randomly, 

since several bees contribute to building each cell and several 
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cells are constructed simultaneously. Astoundingly, given 

the scattershot process, what results is precise: cell wall 

thickness is 0.073 ± 0.002 mm, the angle between adjacent 

cell walls is exactly 120°, and each comb is 0.95 cm from its 

neighbor. It is as if honeycomb is constructed via a singular 

mind. 

There are usually 2 construction periods in a worker's life: 

capping cells when young and constructing comb when older. 

Workers as young as 2–3 days can produce wax, though wax-

producing glands are most developed at 8–17 days. Workers 

can work wax whether they secreted it or not. 

Like many other chores, capping is commonly a some-

what unorganized process in which hundreds of workers each 

contribute a bit. A typical cell takes ~6 hours to cap, though 

an industrious worker may cap a cell by herself in only 20 

minutes. However accomplished, every cap is properly and 

timely put on. 

Comb construction is performed by older workers, albeit 

only a few days elder to brood-tending bees. A typical comb 

builder spends some of her time in a comb-building cluster, 

then goes off to work at various other tasks. Honeybees often 

have a lot of flexibility in their work schedules, subject to 

pressing hive needs. 

Comb once built is a permanent part of the nest. Honey-

bees do not tear down cells and reuse the wax as other bees 

do. Instead, workers fastidiously clean cells after brood 

emerge or when stored honey or pollen is removed.* Cells are 

repaired as needed. Cell caps are typically recycled. 

The surface of honeycomb serves as a dance hall, meeting 

place, and scent depository (pheromones). A queen pipes vi-

bratory broadcasts through the comb which are picked up by 

workers' tarsi. 

 
* Cell diameters may diminish slightly over the years from material 

accumulation (cocoons, molting skins), even though cells are me-

ticulously cleaned after every brood cycle. Workers reared in old 

cells may be a bit smaller. 
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 Guard Duty  

10–15% of honeybees in a hive act as sentinels when they 

are 2–3 weeks old. Guards at the entrance have a character-

istic posture: standing on their 4 hind legs with antennae 

held forward and forelegs lifted. Their main job is detecting 

and dealing with predators, but they are also the first point 

of contact when migrant honeybees arrive. 

In an inspection that may last 30 seconds, guards inspect 

a newcomer for chemical cues that indicate relation to the 

home hive. If scented hydrocarbons reveal a suitable match 

genetically, the guards will let a drifter in. Once accepted into 

the nest, arrivals eventually blend in chemically: a visa 

evolves into citizenship. 

Chemicals on bees' body surface by which they are recog-
nised as nestmates are acquired from the colony they are in.  
~ English entomologist Francis Ratnieks 

On average, ~30% of emigrant bees are allowed to stay. 

The admission rate depends upon the condition of the hive. 

When resources are abundant, such as nectar near the nest 

and fulsome honey in the combs, guards allow more newcom-

ers in. 

Conversely, an "open borders" policy can quickly change 

if food becomes scarce. Guards not only reject applicants but 

may even kill them. Combs lacking stored honey makes 

guards more aggressive. 

Sentinels are also charged with apprehending marauding 

bees intent on stealing honey. These robber bees are detected 

by their flight patterns and speed. Approaching in a hurry 

will get an incoming bee stung before it even reaches the nest. 

Guard duty for a worker is usually only a few hours before 

going off to another task. More workers guard the nest after 

a colony has been attacked or during times of scarce harvests, 

when robbing is more likely. 

When flowers are wanting, desperate honeybees know 

that other hives may be their best shot at survival. A raid 

may last for days and leave hundreds dead. 

If a marauding colony can overcome a hive, it will clean 

out all the honey and effectively eliminate the victimized 

nest. Once robbers have tasted victory, they may turn to 
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other hives. Veteran marauders become smooth, shiny, and 

almost black – the occupational hazard of fighting other bees. 

 Foraging  

Foraging is the most physically demanding job a honey-

bee can have. It is often the last job a worker has before she 

dies. 2 pairs of wings beat 200 cycles per second, flying near 

the limits of aerodynamics, in a wondrous ability to fly 2.4 

kilometers per hour for up to 13 km at a crack.  

Applying tremendous energy during flight, a forager 

must avoid overheating. She maintains her thorax (midsec-

tion) at 46 °C. She sheds heat from her head by regurgitating 

droplets of watery honey, thereby evaporatively cooling her 

head just as sweat does for mammals. 

A forager averages 10–15 trips a day, but over 100 trips 

is possible: visiting up to 1,000 flowers per day. It is a gruel-

ing work regime. Many foragers last only 4–5 days.  

Besides the food they eat, honeybees also produce their 

own antimicrobials. Foragers have an especially robust im-

mune system which defends them against the pathogens they 

are likely to encounter outside. 

Foraging activity is flexibly adjusted to meet colony 

needs. Further, foragers vary widely in their productivity: 

20% of foragers amass 50% of the produce collected. A forager 

averages ~50% of her body weight in nectar, with the most 

productive bees maxing out at ~92%. 

Hind legs carry pollen baskets (corbiculas) to be filled. 

Corbiculas carry pollen loads that average 20% of body mass. 

Pollen collectors may make more trips per day than nectar 

gatherers if pollen is available all day.  

Other bee species are fonder of pollen than honeybees, 

who generally prefer harvesting nectar. The preference is 

somewhat individual: some honeybees prefer gathering pol-

len, others nectar. Most honeybees get some of both on their 

trips. Honeybees typically do what they like, albeit with hive 

needs in mind. 

Honeybees commonly practice flower constancy: harvest-

ing from the same flower species, either during a single trip 

or for days at a time. Flower constancy is efficient foraging, 
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in readily having in mind a certain flower and how to quickly 

extract its bounty. Individual bees also tend to stick to forag-

ing in the same areas, even as the same flower may be widely 

dispersed. This is also efficient in probabilistically knowing 

the most productive routes. 

Most flowers are open for business only at specific hours 

of the day. Such an arrangement is advantageous to the plant 

because it increases the odds of suitable cross-pollination.  

Flower-constant foragers learn the certain time of day 

that a flower secretes nectar or that a specific plant sap is 

available. These foragers tend to form a group that rest to-

gether in the hive when their chosen food source is unproduc-

tive. This makes sense because scouts or foragers can report 

specifically to interested cohorts current harvesting status. 

Flower constancy group membership is fluid. As a certain 

flower wanes, bees move on to other kinds of flowers. A bee 

may simultaneously belong to 2 or more foraging groups, in 

which case she reports to the group which would be inter-

ested in what she has to say about her most recent trip. 

All bees rely upon their sense of smell to locate new food 

sources. Honeybees possess especially keen olfaction. 

Honeybees have sugar-detecting receptors (sensilla) in 

their mouth, and on their antennae and tarsi. A honeybee 

weighs the input from each sensilla in deciding whether to 

feed from a flower. The 1st input is given the greatest consid-

eration. A bee can tell whether a flower is worth its time upon 

landing. 

Tarsi can also sense saltiness. A bee hovering over a pond 

can detect its salt content. 

1/4th of colony workers are foragers. Up to 1/3rd of forag-

ers are scouts: on the lookout for new sources of pollen, nec-

tar, tree resin, and water. Scouts tend to be more experienced 

foragers who prefer adventure. 

Most foragers wait to be told what to do, but not scouts. 
Scouts go out and search for food on their own. ~ American 
entomologist Gene Robinson 

Bees navigate by landmarks and distance. Not surpris-

ingly, honeybees have excellent spatial acuity. Honeybees 
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classify objects by color, symmetry (or lack thereof), and other 

characteristics. 

A scout or forager that finds a rich food source returns to 

the hive and tells others how to get there by dancing direc-

tions. There are 2 forager dances: round and waggle. Both are 

based upon bees' ability to see polarized light, which plays a 

vital role in bee navigation. 

The Sun shifts 1° to the west every 4 minutes. The con-

sistency of this change, coupled with bees' circadian rhythm, 

lets them mentally maintain their bearings via innate, sub-

conscious, algorithmic calculation, called Sun compass orien-

tation. 

A wealth of information is encoded in a honeybee dance, 

including direction, distance, and quality. Counted land-

marks may also be conveyed. 

If the food is within 100 meters from the hive, a round 

dance suffices: outline a circle in one direction on a vertical 

surface, then a circle the other way. 

The more elaborate waggle dance gives detailed direc-

tions for faraway food: over 50 meters from the hive. If the 

source is in the same direction as the Sun, dance toward the 

top of the hive. Otherwise, adjust dance angle. (Dances typi-

cally occur on vertical surfaces.) 

Dance speed and duration tells distance: slower means 

further. The pace is exact enough for onlookers to approxi-

mate distance. The waggle dance incorporates round dance 

elements. Geometrically, waggle dance patterns form a fig-

ure 8. 

The enthusiasm a dancer expresses conveys the quality 

of the find. Passion promises a rich reward. 

Foraging dances are not visual displays. The hive is dark. 

Dancing bees make distinctive vibratory sounds which are 

combined with emitted smells from a gland at the tip of the 

abdomen. These divergent sensory inputs are mysteriously 

transformed in bees' minds into spatial maps. (Honeybees 

generally rely heavily on vibratory communication within 

their tenebrous nest.) 

At the end of the dance, or when requested, a bee distrib-

utes harvested pollen or nectar to the workers paying her 
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heed, so that they can sample the source. This later helps for-

agers identify the specific patch of flowers intended by the 

directions provided. 

A scout's solo dance may turn into dialogue – interrupted 

by a head-butt from another forager to warn that danger has 

been seen at the revealed location. The conversation may 

then turn into an interactive reward-risk analysis. 

Predators are a frequent problem during foraging. Hor-

nets launch aerial attacks. Spiders lurk on a flower and am-

bush a feeding bee. 

Foragers leave scent marks on flowers where they are 

threatened by predator, warning others to stay away. Indi-

vidual bees tend to be more risk-tolerant than colonies, where 

fear weighs more heavily in group decisions about foraging 

efforts. 

 

Bee dancing demonstrates that bees have an innate com-

pass (abetted by brain-embedded magnetite), can tell time, 

and possess astonishing navigational and spatial memory. 

Bees also accurately gauge distance; well, mostly. Some sub-

jectivity creeps in, which recipients may compensate for. 

The tempo of the dances of a forager diminishes with age, so 
that she seems to indicate greater distances than when she was 
younger. ~ Charles Michener 

The directions bee dances provide are the human equiva-

lent of learning and memorizing geographical routes tens of 

kilometers away after being told a very few times (via sound 

and scent). 

Besides foraging, the discourse of dancing is employed 

when assessing possible locations for moving the nest. 

Scouts' dancing directions are not the only honeybee jig. 

Younger receiver bees dance tremble dances, to recruit other 

receivers for harvesting sustenance from incoming foragers. 

The tremble dance can also act as a deterrent to foragers: an 

indication that food supply in the hive is abundant. Foraging 

dances, which lead to further supply, are curtailed. The effect 

is to reduce intake. 
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Symbolic honeybee dancing is an evolved adaptation, 

probably to conceal directions to prime foraging spots from 

illegitimate receivers. Stingless bees are known to eavesdrop 

on each other's pheromone signals to foraging sites. Honey-

bee scouts may have taken their communications indoors to 

preclude such eavesdropping bees.  

 

The interaction between foragers and nectar receivers in 

the nest has a feedback effect. If the receiver likes what she 

is getting, she takes it quickly. If not, the forager may have 

to find alternate taker(s), as the initial receiver balks at of-

floading what she thinks is a pitiable harvest. If a forager 

cannot find recipients willing to take her crop, she must walk 

to a cell and regurgitate it herself. 

The speed with which a forager can unload her nectar is a 
cue for her subsequent action. If the delivery time is short (and 
of course if the source is qualitatively and quantitatively suita-
ble), she dances, sending other foragers to the same place, and 
soon returns herself. If the delivery time is long (over 60 sec-
onds), there is little dancing, so few or no more bees are re-
cruited to the food source. If the time is too long, the forager 
herself does not return but goes elsewhere or remains in the 
hive. This social interaction is an essential part of the control of 
the quality of the liquids brought into the hive. ~ Charles Mich-
ener 

 Young Again  

In just 2 weeks, foragers have worn wings, hairless bod-

ies, and are mentally fatigued. After 800 kilometers, a bee 

has worked itself to decrepitude. 

A retired forager is thoroughly diminished. No longer able 

to effectively learn, her mind is largely spent. Aged bees that 

survive the foraging "experience" return to nest work. 

When older honeybees take on nest responsibilities, typi-

cally handled by much younger bees, they need the mental 

acumen that the tasks demand. For this, bee brains are epi-

genetically enhanced. Aged brains are provided proteins that 

turn back the clock, allowing them the mental ability they 
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need. Bodily reparation is not possible, but mind rejuvena-

tion is. 

 Hive Maintenance  

Honeybees live in a colony packed to a high density. A 

mature colony lives in a nest the size of a file box with 20,000 

to 100,000 bees, depending upon the season. The winter rep-

resents a nadir in colony size. Colony population peaks in 

early June.  

 

A hygienic hive is essential to colony survival. 1% of all 

workers are constantly on sanitation duty of some sort. 

Bee nests are immaculately maintained. Healthy adult 

honeybee workers never defecate in the nest. Sick and dead 

bees are quickly removed. 

Worker bees constantly clean, including mutual groom-

ing. The queen is kept clean by her court bees. 

Resinous propolis is a multi-purpose cure-all for hive and 

health. For nest maintenance, propolis acts as a glue: used to 

close cracks, smooth rough edges, cement combs in place, and 

regulate the size of entrances, for security and temperature 

regulation. Bee glue applied to the hive also acts as an infec-

tion preventative. 

If a colony does become infected with a harmful fungus or 

bacteria, workers produce extra propolis to take as medicine. 

As propolis has terpenes, which are antibiotic, it is often an 

effective treatment.  

Plant resin is imbued with secondary metabolites ex-

pressly designed to protect a plant from infestation. With ex-

tensive botanical knowledge, bees selectively seek medicinal 

remedy from specific plants. They also choose to consume 

batches of honey high in the antimicrobial ingredients which 

may be most in effective in fighting an infection. Medicinal 

honey and propolis are distributed throughout the colony as 

needed.  

Workers remove infected larvae from the hive. Grubs are 

too young to take propolis. 
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Honeybees can distinguish between harmful and harm-

less fungi. Harmless fungi worry them less: they do not self-

medicate against fungi that do not present a health threat. 

 

Hive temperature is precisely maintained. The center of 

the nest – where the queen labors in egg-laying and young 

larvae are reared – is kept at 35 °C.  

The whole hive throughout is kept within 2–3 degrees °C 

of normal, even though the temperature outside may range 

10 °C. The active cooling system in a hive is a highly coordi-

nated corps of fanners. 

If the nest is too cool, bees distribute heat by absorbing it 

in their bodies, and then moving to a cooler area, where it 

dissipates. During winter, bees consume honey to generate 

internal heat, which they then dispense to warm the hive. 

If a fungus happens to blight a hive, bees vibrate en 

masse to generate heat to thwart the threat. This is function-

ally the same as autonomic fever in endotherms to fight off 

an infection. The difference is that bees consciously know 

what to do when infected. 

The brood area is naturally the warmest part of the nest, 

owing to the density of bees there, both adult and larvae. If 

the brood chamber gets too hot, nurse bees drop their crop 

about the brood cells to cool things down. Bee milk is ~60% 

water, so provides evaporative cooling. Then the nurses alert 

nectar receivers to have foragers bring water (or watery nec-

tar) for distribution in the brood chamber. Fanners work to 

cool the brood down.  

Water portage is a regular part of hive work, as honey is 

diluted in making brood food. Extra water is brought in for 

evaporative cooling of the nest as needed. Honeybees are con-

stantly talking with each other about all kinds of things. 

The first outside job a young bee has is wind generation: 

acting as an exhaust fan for the hive. Hundreds beat their 

wings 24,500 beats a minute to cool the colony and remove 

CO2. 

Newly gathered nectar is generally so moisture-laden 

that it would ferment if immediately stored. Fanning re-

moves excess moisture. Still, in the midst of a good summer 
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harvest, a quarter of the nectar gathered the day before may 

be lost overnight. 

 Intelligence  

Concepts are associated with high levels of cognitive sophis-
tication. Concepts are well mastered by bees. ~ French zoolo-
gists Aurore Avargues-Weber & Martin Giurfa 

Honeybees comprehend symbolic logic and employ it ex-

tensively. A honeybee handles concepts the same way that all 

minds do. Senses vary, but cognition via symbolism is uni-

versal. 

Human decision-making strategies are strongly influenced by 
an awareness of certainty or uncertainty (a form of metacogni-
tion), to increase the chances of making a right choice. Humans 
seek more information and defer choosing when they realize 
they have insufficient information to make an accurate decision.  

Honeybees selectively avoid difficult tasks they lack the in-
formation to solve. They assess the certainty of a predicted out-
come. Bees' performance was comparable to that of primates in 
a similar paradigm. ~ Australian zoologists Clint Perry & An-
drew Barron 

Hive members recognize one another by scent and sight, 

and by a vibratory sonic signature. Each bee's exoskeleton 

exudes its own distinctive hydrocarbons. 

Bees use vibrational signals for complex information. ~ Ger-
man zoologist Taina Conrad 

Honeybees have sophisticated multi-sensory languages 

involving gestures, scent, and sound. Beyond the foraging 

dances are many others, the meaning of which are often con-

text-dependent, like much human oral communication. Like-

wise, there are many honeybee visible and tactile gestures. 

Besides a variety of sonic dances and other articulations, bees 

employ at least 18 pheromones to express themselves, which 

are often used in combination. 

Pheromones exert considerable influence on honeybee be-

havior. ~ Mark Winston 

Bee communication is articulate. For instance, bees can 

precisely describe dangers they have encountered. 
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A beehive is a constant communication network. Workers 

have many sources to learn of colony needs and adjust their 

behaviors accordingly. Bees socially learn, with older bees en-

couraging and instructing younger ones. This amounts to cul-

ture generationally passed down. 

Honeybees do what needs to be done. Doing so is far from 

simple: running a honeybee hive is as complex as any human 

enterprise, and bees do better (though squabbles do happen 

from time to time). 

Honeybees live in highly complex societies that show ex-
treme forms of integration, cooperation, and communication. 
~ Gene Robinson 

Many tasks, such as cleaning brood cells, may be done by 

dozens of bees, with a single bee doing a bit of work on the 

task before moving to something else. This frees individuals 

from monotony at no expense of accomplishing everything 

that needs doing. Such casual coordination far exceeds what 

people can accomplish. 

Foraging is an arduous but adventurous job. Some bees 

seem to revel in it. There are parallels to similar human en-

deavors, such as mountain-climbing, as well as simply enjoy-

ing being productive. 

The collective mental harmony of honeybees is illustrated 

by their being caught in high winds while swarming. Swarm-

ing bees fly as a tight group. If buffeted by the wind, they 

responsively reform the shape to minimize the stress upon 

the swarm. This requires complex innate mathematical cal-

culation as well as intricate group coordination. Some bees 

willingly suffer inordinate physical strain to accommodate 

the ideal formation. 

Horizontally shaken clusters adapt by spreading out to form 
wider, flatter, more stable cones that recover their original shape 
when unstressed. ~ American mechanical engineer Oren Peleg  

Collective dynamics allow superorganisms to function in 
ways that a single organism cannot, by virtue of their emergent 
size, shape, physiology and behaviour. ~ American evolution-
ary biologist J.M. Peters et al 

Bees sleep and dream. Their need for sleep is like ours: to 

incorporate memories and stay mentally sharp. Honeybees 
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sleep 5–8 hours a day. Having the most demanding job, for-

agers sleep longer than others. 

Honeybee sleep patterns differ by age, and the company 

with which they slumber. Young bees are poor sleepers but 

show stronger sleep rhythms when spending the night with 

older bees.* 

Honeybees are very smart. ~ German entomologist Hanna 
Zwaka 

 Bumblebees  

Bumblebees are a larger cousin to 

honeybees. They too feed on nectar and 

collect pollen to feed their young. 250 spe-

cies of bumblebee are known. 

Bumblebees work harder than their 

honeyed cousins. They tirelessly toil in solitary for up to 15 

hours each day: starting before dawn, and often finishing af-

ter the Sun has set. Large workers begin foraging at a 

younger age than smaller compatriots and are the most pro-

ductive harvesters. 

Like traveling salesmen, bees need to move between a large 
number of flower patches in the most efficient route possible. 
~ English ethologist Joseph Woodgate 

Bumblebees are astute in efficiently foraging. They learn 

through experience the most productive routes in their terri-

tory, effectively solving a perplexing mathematical problem. 

Bees cannot inspect a map to find out where the best food 
sources are or plan how to get to them; instead, they must ex-
plore the landscape, discovering locations one by one, and then 
they face the challenge of integrating their spatial memories into 
an efficient route. ~ Joseph Woodgate 

By examining petal color and other features that indicate 

profit potentiality, bumblebees can tell whether a flower is 

worthwhile before landing. A bumblebee can sense a flower's 

 
* Bee sleep rhythms reflect group energy, just as human group me-

diations are known to have a calming effect on conspecific life in 

the immediate vicinity. 
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fluctuating electric field, which tells it things we do not un-

derstand. Bumblebees also use cues from other bees, includ-

ing honeybees, as to which flowers to avoid or spend 

harvesting time on. 

Pollen is bees' primary source of protein and lipids. Bumble-
bees choose a plant for the nutritional quality of its pollen.  
~ American entomologist Anthony Vaudo 

Though bumblebees often practice social learning, they 

make their own decisions. A bumblebee may decide that it 

knows better than the crowd where best to forage. Savvy bees 

do better than average. 

Some species of honeybee and bumblebee leave a scent 

mark on a flower. Typically, until it degrades, the telltale 

scent deters visitation, as it marks a flower as temporarily 

tapped out. Conversely, a particularly rewarding flower may 

be scented to indicate its immediate fecundity. 

 

There is an old myth that bumblebees shouldn't be able 

to fly, based upon a 1919 misunderstanding of aerodynamics. 

Theory at the time suggested that bumblebee wings were too 

small to create sufficient lift.  

Bumblebee flight follows the aerodynamic principle em-

ployed for helicopters with reverse-pitch semi-rotary blades. 

Each oscillation cycle (back and forth) of a bee's wings pro-

duces a temporary vacuum in the air above her, providing 

extra lift. 

The fact remains that bumblebees have all the aerody-

namic efficiency of the proverbial pig with wings. Nonethe-

less, bumblebees do have considerable maneuverability in 

the air. Their flight capabilities owe to brute power rather 

than design finesse.  

Bumblebees have remarkable strength and endurance. 

Even after adding 20% more weight to its body with stored 

pollen, a bumblebee can fly as far as 6 km from the nest. 

Although a bumblebee colony visits a wide variety of flow-

ers during the blooming season, an individual bee practices 

mission-specific flower constancy, visiting only 1 flower spe-

cies on a single trip away from the nest. 
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Most bees are proficient pollinators. A few have a super-

lative technique, buzz pollination: a bumblebee grabs a 

flower, then uses her body to create a powerful sonic vibra-

tion that shakes the flower, giving the bee a pollen shower. 

 

Compared to honeybees, bumblebees are rather docile. 

Nevertheless, if sufficiently provoked, a bumblebee has a 

barbless sting that can be repeatedly applied. Bee predators, 

including foxes, skunks, and shrikes, get an extra treat: a 

bumblebee sprays feces and vomits honey on them. 

In contrast, other bee stings, such as the honeybee, are 

barbed. The sting cannot be removed without ripping the ab-

domen apart. Hence, a honeybee sting is the attack of a mar-

tyr. 

Birds are bumblebee predators. Sometimes the tables 

turn. In temperate forests, birds and bees prefer tree cavities 

for comfy nests. Bumblebees particularly prefer a home insu-

lated with plant materials. When a tiny bird, such as a tit, is 

finishing turning a tree hole into a home by laying in leaves 

and soft bits, a bumblebee may take over. Approaching the 

nest, the tit is warned off by the angry buzz of the bee. Un-

willing to test its luck at close quarters against a serious 

stinger, the tit moves on. 

 

Bumblebees are gregarious, but nowhere near the elabo-

rated eusociality of honeybees. Still, they teach their nest-

mates what they have learned. Bumblebee colonies may hold 

fewer than 50 individuals, although 400 is typical. 

A bumblebee colony has a single queen. She is insemi-

nated in the fall and hibernates through the winter. Bumble-

bee queens typically mate with a single drone, but polyandry 

is practiced in some species. Queens generally overwinter in 

a hole in the ground. 

Come spring, a queen emerges to found a nest, typically 

constructed in an underground hollow, which she pads with 

grass blades. An abandoned mouse den will do.  
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The queen makes a small honey pot and lays 8–10 eggs 

inside it. Then she covers the pot with a wax canopy to pre-

vent heat loss. Overnight, she sits on her brood like a hen, 

sipping from the honey pot. During the day, the queen col-

lects more pollen and nectar to supply the pot.  

The eggs hatch after 3 days. The queen cares for her off-

spring 16–25 days, until they mature. 

The first workers a queen raises are often quite small. As 

the workers take over foraging and nest maintenance, the 

queen concentrates on egg-laying. The colony rapidly ex-

pands. The workers raised later are larger. 

Bumblebee workers live 2 weeks; collecting nectar and 

pollen, making wax pots, and helping rear the next-genera-

tion eggs. 

The queen's last batch of eggs is of ~100 queens and ~100 

drones, which hatch and fly to bring forth next year's nests. 

At the end of the flower season, the queen dies, leaving her 

legacy. 

 

The life cycle of a bumblebee depends upon the length of 

the growing season. Bumblebees commonly live in higher lat-

itudes and/or altitudes, though there are a few tropical spe-

cies. Bumblebees near the Arctic Circle face a flowering 

season, and life expectancy, of 2 1/2 months. Some bumble-

bees in Central and South America have queens that can live 

2 years, with colonies that reach a population of 2,000. 

 Stingless Bees  

Meliponines – commonly called stingless bees – evolved on 

Gondwana ~100 MYA, long before honeybees first appeared. 

Like certain Australian solitary bees, meliponines inde-

pendently evolved to fit niches occupied elsewhere by later-

arriving honeybees and bumble bees.  

Meliponines are native to tropical and subtropical biomes 

in Australia, Africa, Southeast Asia, and tropical America. 

Being tropical, meliponines are typically active year-round, 

though less so in cooler weather. Some species practice dia-

pause (dormancy).  
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Meliponini females have residual, futile stingers; hence 

the designation of 'stingless'.* These bees are not defenseless: 

they bite if disturbed. 

Meliponines are eusocial, forming permanent colonies 

with a single queen, a corps of workers, and drones. Some 

meliponines have a soldier caste: defensive specialists like 

those found in ants and termites. Meliponini guards are 

larger than workers, and sometimes sport distinct coloration. 

Meliponines typically nest in rock crevices, underground 

cavities, hollow tree trunks, or among tree branches. Like 

other bees, they build their own planned structures wherever 

they reside, using sophisticated construction techniques.  

Like honeybees, meliponines have corbiculae (pollen bas-

kets). Meliponines are usually generalist foragers. Scouts 

communicate to other workers about promising harvest 

fields, but do not dance as honeybees do. 

Generally having smaller colonies than honeybees, 

meliponines produce less honey. Meliponini per-bee foraging 

productivity is often higher than honeybees. Meliponines 

store their honey within the nest in egg-shaped pots con-

structed of beeswax and propolis. 

Meliponini honey is somewhat watery: 25–35% compared 

to honeybees' 19%. To compensate, meliponines add more an-

timicrobials to their honey. 

 Ants  

Like humans, ants have had an immensely complex and var-
ied social evolution. It has culminated in the great ant societies 
with populations of a million or more individuals per colony. 
Frequently these colonies include specialized castes of workers 
and soldiers. They often support a variety of parasites and camp 
followers. Some herd other insects. Some enslave one another. 
~ American entomologist Caryl Haskins 

 
* The term stingless is something of a misnomer, as females in other 

bee tribes are incapable of stinging, as are all male bees. Further, 

meliponines do not lack stings: the stingers simply are so reduced 

as to be useless for defense. 
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Ants evolved from vespoid wasps 110–130 MYA. Along 

with the rise of flowering plants, ants diversified, and gained 

ecological dominance 60 million years ago. In the process, 

finding strength in numbers, they left their wasp roots of sol-

itary existence to live in gregarious eusocial colonies.  

Ant success is spelled in multitudes. There are likely at 

least 1015 ants alive at any moment, with 22,000 extant ant 

species. 

Ants have colonized almost every landmass on the planet, 

excluding only Antarctica and a few other remote or inhospi-

table locales, such as Greenland, Iceland, and the Hawaiian 

Islands. 

Ants are superb ecosystem engineers. ~ English biologist Da-
vid Edwards 

The most abundant insects in the rainforest are ants, 

with quite different habitats. Some live on trees, in nests of 

leaves woven together. Others build subterranean caverns to 

nest in. A few find a home in rotten wood.  

Army ants nest nowhere. They are relentlessly on the 

move, briefly resting in bivouacs. 

South American leafcutter ants may destroy more foliage 

than all other creatures put together. Other ants have more 

benign, even beneficial, relations with plants.  

Some seeds are structured to allure ants into carrying 

them away. While many such seeds are eaten, some survive 

to sprout far from where they were picked up, thus aiding 

floral distribution. 

The rainforest is an ant mosaic. Almost all other animals 

are influenced by ants. Some are harbored and protected. 

Many more are attacked and eaten. 

Ant success comes from adaptability: the ability to solve 

complex problems via swarm intelligence, coevolution with 

other species, and a highly developed social organization.  

Though social complexity varies considerably, ants are 

uniformly eusocial insects. Isolated ants die of loneliness.  

Ant colonies consistently differ in coping style—some are 
more risk-prone, whereas others are more risk-averse. ~ Amer-
ican behavioral biologist Sarah Bengston & German biologist 
Anne Dornhaus 
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 Castes  

Several ant species have colonies with multiple pheno-

typic castes. By creating specialists, a caste system optimizes 

social organization. Individuals are caste-bound via histone 

modifications, an epigenetic mechanism.  

Even ant species that don't physically specialize have 

functional roles. 3 castes are common: nurses, cleaners, and 

foragers.  

Ants in different castes cluster together, rarely interact-

ing with ants in other groups. Nurses that tend to the queen 

and brood spend their time deep within the nest, while forag-

ers hang out near the nest entrance. 

Cleaners are an exception. Roaming throughout the nest 

as part of their duties, cleaners interact with other cliques. 

Ants commonly change careers as they get older. Typi-

cally, nurses graduate to nest cleaning. Cleaners transition 

to foraging as they age. 

Career by age is not clear-cut. There are young foragers 

and old nurses. As with bees, aptitude and inclination play a 

role in the role that an ant plays within her colony. Every ant 

has her own personality. 

 

Ground-dwelling ants have a massive genomic database 

dedicated to sensory reception that matters most: 400 genes 

for odor, and 116 for taste. A honeybee has 179 genes for odor 

and 76 for taste. 

Harvester ants are exemplary in efficient foraging. They 

avoid congestion and maximize gathering by allocating re-

sources based upon feedback loops.  

A harvester ant is slow to return to the nest unless it finds 

something. The faster foragers return, the more ants are sent 

for seeds in the same direction.  

If returns become tardy, or without produce, the supply 

line is thinned, or the search called off. Ants leave pheromone 

trails that allow timing studies for foraging efforts. In sum, 

ants are efficiency experts. 
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A critical aspect of efficiency is resource allocation. A siz-

able minority of ants at any one time aren't up to much, while 

a small minority do most of what is being done. 

30% of the fire ants digging a tunnel may do 70% of the 

work. There may be many ants nearby (but out of the way), 

slacking off. The reason: avoiding getting in each other's way.  

Ants know that traffic jams greatly impede efficiency. If 

an active worker wants a break, she is instantly replaced. A 

surplus labor force as practiced by ants is the most productive 

and the most accommodating to worker wants and needs. 

Some ants are industrious, others not so much. 

Collectively carrying a large load requires a high degree of 
coordination. One facet of this coordination is the requirement 
to align forces such that inefficient tug-of-wars are avoided.  
~ Israeli myrmecologist Ofer Feinerman et al 

Ants can carry large, heavy objects to their nest because 

they intelligently coordinate. 

While the combined force of the group determines the speed 
of the load, individual informed ants steer the direction of move-
ment. ~ Ofer Feinerman et al 

 Queens  

An ant colony, like a beehive, is full of sisters, with a 

sprinkling of drone males, useful for their meager reproduc-

tive contribution and little else. Unlike honeybees, which 

have a single queen, ant species commonly have colonies with 

multiple queens.  

 Supercolonies  

The Argentine ant is native to southern South America. 

Discovered on its home turf, the Argentine ant was termed 

humble (Linepithema humile). That sentiment was not to 

last. 

Both Argentine and fire ants are wildly prolific invasive 

species, spread abroad by hitching rides on human transport. 

Fire ants comprise 285 species of stinging ants worldwide. 
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Both ants have 2 distinct colony types. The difference in-

volves genetic expression, which results in behavioral differ-

ences.  

In their native lands, these ants have single-queen colo-

nies, with a few hundred thousand workers. Such colonies 

are territorial. This keeps their numbers in check.  

The invasive attainment of these ants owes largely to nu-

merical superiority. In their new lands, these ants form su-

percolonies with multiple queens. A supercolony may have 

billions of members, stretching an expanse of 6,000 km or 

more.  

The rivalry between native and invasive ants is not won 

by conflict. Instead, adoption of supercolonies enables these 

ants to have superior foraging success, often at the expense 

of competitors. 

Supercolonies are actually a networked system of nests, 

each hosted by single queens, sufficiently related that work-

ers from neighboring nests go about their business when they 

meet rather than getting into a spat.  

As there is no aggression between adjacent colonies, no 

energy is expended in rivalry that would otherwise prove 

costly. Cooperation enables economies of scale, and superior 

success as invasive species. 

 Colonies Without Queens  

~100 ant species form colonies without queens. Female 

workers mate and reproduce. But almost all don't, because 

queenless ants run a rigid social dominance hierarchy. 

Females fight fiercely for the right to mate. Only 1 wins 

top spot, and thereby entitlement to breed. 

The fighting does not stop there. Battle bouts continue for 

1st runner-up, 2nd, and so on down the line. 

The winner physiologically changes. Her ovaries become 

active. She exudes a fertility pheromone that tells her social 

status. And, after insemination, she starts laying eggs. 

Her reproductive success lasts only as long as her scent. 

If her fertility pheromone level drops, the runner-up aggres-

sively acts to replace her. 
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An analogous system exists in several mammal species, 

but with males fighting for mating rights with females. 

 Dinosaur Ants  

The more primitive the ant, the less socially integrated 

and organized; and so, a smaller colony.* The dinosaur ant is 

so named because it is a primordial ant. This Australia na-

tive is the only still-living species of its genus.  

Dinosaur ant colonies are small, with only ~50 members. 

While they will defend their nest to the death if invaded, they 

cannot afford to maintain a foraging territory. Such aggres-

sive behavior runs the risk of loss of life; a cost too high to 

countenance. A colony so small cannot afford the empire 

building of more complex societies. 

 

By contrast, weaver ants are among the most socially so-

phisticated ant, with colonies 10,000 times that of dinosaur 

ants. Yet put a dinosaur ant worker next to a weaver and you 

can hardly tell them apart.  

The difference is in the behavior. Disturb a dinosaur and 

she freezes or flees. No sister comes to her aid. Faced with 

the prospect of a fight, a dinosaur demurs. 

Upset a weaver ant and prepare to die. She will attack. 

She will call and get help. Within 5 to 10 seconds, a swarm of 

weaver sisters will descend with unmatched fighting spirit. 

Hell has no fury like a weaver ant scorned. 

For their size, ants are among the strongest animals. The 

average worker ant can lift 20 times its own body weight.  

Ants don't have ears. They hear by feeling ground vibra-

tions through their feet.  

Ants don't have lungs. They breathe air by holes (tra-

cheae) in their abdomens, exchanging oxygen in and carbon 

dioxide out the same openings. Ant breathing rate is compa-

rable to a human during moderate exercise.  

 
* The common term primitive is used as a shorthand for early 

evolved. 
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 Communication  

Ants have complex communication systems. Like all in-

sects, chemical communication is a norm. Ants employ about 

20 different pheromones, though they also use body language 

and tactile information exchange, not unlike humans. 

Ants are altruistic to their own. An ant asked by a sister 

for food gives some of what she has. Unfortunately, such gen-

erosity may be taken advantage of, though not by a sister. 

 Wheedled by Beetles  

Some other insects understand ant language. Ants may 

be beguiled by beetles. 

The European turtle beetle approaches a food-laden shin-

ing black ant and asks for something to eat by imitating an 

ant: touching the ant on the lip to induce regurgitation. The 

ant obliges.  

If the ant realizes she has been tricked, she attacks. The 

beetle withdraws into its shell, turtle-like. 

Other beetles imitate ant scent, allowing them to live un-

molested inside an ant colony, tricking the ants into feeding 

them, and even nursing the beetle larvae which feed on the 

ants' brood.  

For ants, chemical communication is trump. Those that 

can secrete the lingo have ants at their mercy. 

Rove beetles, while less communicative, are more danger-

ous. One of a pack of roves immobilizes an ant by biting the 

back of her neck. The beetles then drag the ant away: ab-

ducted for dinner. 

If the roves are caught out, they have a perfected defense. 

The beetles secrete an appeasing scent from glands at the tip 

of their abdomen, ameliorating the aggression and allowing 

their escape. 

 Ant Sounds  

 It was long presumed that ants were almost exclusively 

chemical communicators, but sound is significant to some ant 

genera, such as Myrmica, with over 200 diverse species that 

live throughout Europe and Asia. 
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Myrmica have a specialized spike along their abdomen 

which they sometimes stroke with their hind legs, making a 

sound similar to dragging the teeth of a comb along the edge 

of a table. This is used as an emergency beacon: a way to 

shout for help when threatened by a predator. 

Larvae and young pupae have soft outer skeletons, and 

so are soundless. As pupae mature, their exoskeleton hard-

ens. Older pupae have fully functional spikes. They use these 

spikes to signal caretakers their need for attention.  

The sounds they make rescue them by signaling their social 
status. There is complex information in these signals. ~ English 
entomologist Karsten Schönrogge 

Acoustic communication is especially important at the 

late pupal stage, because mature pupae have yet to produce 

the full array of adult pheromones, but they do not smell nor 

behave like larvae. 

There is another benefit to the sound of the spike. This 

ant genus is subject to several inquiline species: certain Myr-

mica species that prey upon others in the same genus, by us-

ing their host for brood parasitism and other advantages. The 

larvae of the butterfly genus Maculinea also live in Myrmica 

nests, either directly feeding upon the ants or being fed by 

them. 

A parasite ant species is unable to sustain its own colony. 

Instead, it contributes to the host colony at certain stages of 

its life, while relying upon host resources at other times. 

Inquiline is a somewhat slippery term. Parasites are by 

definition deleterious to their hosts. In contrast, inquilines 

gain from their host association, by taking advantage of host 

services and facilities, but do not necessarily bring their hosts 

down. 

The specialized spike that Myrmica have allows the ma-

ture pupae to signal their need, and thus supersede any in-

quiline competitors for caretaker attention. Thus, the 

potential damage of brood parasitism is mitigated. 

 Leafcutter Ants  

Ant colonies are more than the sum of their parts. They are 
operational units with emergent traits that arise from complex 
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interactions of colony members. The ultimate possibilities of su-
perorganismic evolution are perhaps best expressed by the 
spectacular leafcutter ants. ~ Bert Hölldobler & Edward O. Wil-
son 

Leafcutter ants belong to the attine group of leaf consum-

ers, with 2 genera and 47 species. Attine ants are most abun-

dant in the tropical forests of Central and South America. 

Winged attine ants, male and female, fly from a nest en 

masse in a nuptial flight. They mate in the air, mostly at 

night.  

Males are hatched from unfertilized eggs and contribute 

nothing except sperm. They are genetically programmed to 

expire shortly after their nuptial flight. 

Each female mates with multiple males, storing the 300 

million sperm needed to start a new colony. Leafcutter ants 

are among the most fertile animals known. 

Once sufficiently impregnated, a queen loses her wings 

and scrounges for a suitable spot to nest. She digs a narrow 

tunnel, down 20–30 cm, then creates a single 6-centimeter 

chamber. 

Before her mating flight, a queen packs a small wad of 

symbiotic fungus into her infrabuccal pocket, which is located 

at the bottom of her mouth. This mycelium is fed with her 

first eggs. If the initial fungus culture dies, the incipient col-

ony is doomed. 

A few emergent queens lose their wings before their nup-

tial flight. Unfertilized, their chance to establish a new colony 

is finished; so they change roles: staying with their mother 

colony to help in its defense.  

Only about 2.5% of the queens have the good fortune to 

found a long-lived colony. A colony of leafcutter ants is like 

no other. 

From a single tiny hole, a colony expands into a labyrinth 

of chambers. Many chambers near the surface have fungus 

gardens.  

Fully developed, a single leafcutter nest may house a 

thousand gardens, in a subterranean antropolis up to 30 me-

ters across and 5.5 meters deep, taking up anywhere from 

30–600 square meters, with up to 10 million colonists.  
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36 tonnes of soil may be excavated in digging a leafcutter 

nest. Cavernous perimeter tunnels, which may extend 8 me-

ters from the nest, make a beltway around that defines the 

subterranean city.  

A leafcutter colony may last for a decade or more. The 

depth of a nest is limited only by the water table below. 

As a colony matures, leafcutters are organized by caste. 

All are daughters of the queen, who may lay 50 million eggs 

in her lifetime. The young females, kept infertile by hor-

mones from mother, become workers. 

Leafcutters are morphologically caste-bound. Each caste 

performs a different basic function. 

A worker's caste is determined by how much fungus they 

were fed as larvae. The different castes are based mostly on 

size. 

Attine ants are highly polymorphic. There is a 7 times dif-

ference in body size between the largest and smallest caste 

members, and hundreds of times difference in weight.  

Up to 7 physical castes are present in mature colonies, 

including the queen, which outsizes all others. 4 worker 

castes are notable: majors, medias, minors, and minims.  

Majors are large soldiers, acting in defense of the nest, 

trail clearance, and hauling bulky items back to the nest. Sol-

diers check out other ants in their path with their sensitive 

antennae. Encountering an enemy results in releasing a 

chemical alarm (pheromones) that summons others. The 

pheromones drive soldiers into a killing frenzy. 

Medias forage, cutting leaves and bringing the fragments 

back. If a leafcutter encounters a soft fruit, it eagerly engages 

in cutting chunks for carriage to the nest.  

Leaf-cutting technique is like an electric carving knife. A 

media stridulates: rapidly oscillating her hind end, vibrating 

the mandible as a cutting tool. The sound attracts other 

workers to the site. 

The craft of a media worker is circumscribed by biology. 

A media starts her career as a leafcutter with scalpel-sharp 

mandibles, but repetitive slicing dulls the V-shaped blades in 

time. A dull mandible means that it takes twice the energy 

and time to cut a leaf, compared to a young blade.  
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Rather than retire as a forager, older medias change their 

career to carrying sheared-off vegetation back to the nest. 

Cut leaf fragments may be several times larger than the ant 

carrying it.  

Each worker runs an estimated human equivalent of a 4-

minute mile for up to 50 km, lugging 225 kg. For efficiency, 

foragers follow one another, forming a distinct line, and 

thereby carving noticeable paths through the forest.  

To maintain rapid transit, trunk routes are kept clear of 

vegetation by road workers. These roadways are static and 

long-lived; an extension of the nest architecture. 

Leafcutters are smart workers. When foragers sense rain 

coming, they hustle back to the nest with what they have got. 

A wet leaf fragment weighs more than double a dry one: too 

much to make the effort worthwhile. 

Leafcutters in a caste take specialized jobs according to 

ability and immediate need. With hundreds of thousands to 

millions of workers carrying out a variety of coordinated 

tasks, the foraging effort is an extremely well-choreographed 

production. Pheromone markings and other signals create an 

information network which facilitates discovering and ex-

ploiting the highest-quality resources available. 

 Heads Up  

Workers are subject to pests, notably the parasitoid 

phorid fly, of which there are 110 known species. A phorid 

will try to land on an ant's thorax and plant eggs.  

Larvae hatch and head to the head, where they devour 

the ant's brain, during which the ant wanders aimlessly for 

a couple of weeks. After that, the head falls off by enzymatic 

decapitation. The larva releases an enzyme that dissolves the 

membrane keeping the ant's head attached to its body. The 

fly pupates in the head capsule for a couple of weeks, before 

emerging as the next generation of threat. 

To thwart the prospect of losing one's head, medias keep 

lookouts when hauling leaves. The small ants ride shotgun 

on leaves to keep the flies at bay when the hauler cannot de-

fend herself. 
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Majors are 3 times larger than minors but are over-

whelmed numerically. Minors are the first line of defense, 

continuously patrolling the terrain, especially the foraging 

lines.  

 Fungus Farming  

Tiny minims are fungiculturists: tending gardens of do-

mesticated fungi. While leafcutter species each cultivate 

their own species of fungus, all leafcutters like the Lepio-

taceae fungus family.  

Leafcutters and Lepiotaceae are thoroughly mutualistic. 

Their bond is such that neither is found in Nature without 

the other. 

Though some leaf sap is consumed, harvested leaves 

themselves are indigestible to the ants. The cuttings serve as 

fodder for the Lepiotaceae. Leafcutters cultivate bacteria 

which render the leaves digestible to fungi. 

There is an ancient symbiosis between ants and fungus. 

200 known ant species cultivate fungus. Most ants feed their 

fungus dead organic matter: plant debris, caterpillar feces, 

insect corpses. Only leafcutters deliver fresh produce. Leaf-

cutter fungiculture is a culmination of fungus farming that is 

not unique to ants. Ambrosia beetles and termites also prac-

tice fungus-based agriculture.  

Leafcutters took to feeding fungi fresh leaves ~10 MYA. 

Ants growing fungus on dead and decaying leaves predate 

leafcutters by ~50 million years.  

Since the leaves are largely fungus food, the ants need to 

be careful that their gardens don't overdose on the chemical 

defenses that any particular plant may have. The minims 

chemically listen to Lepiotaceae, which tells them which 

leaves it likes. If a certain leaf is toxic, minims tell medias to 

stop bringing that plant. 

The fungus is fed to ant larvae. Adults live largely off leaf 

sap, topped off by fungus and yeast. The larvae need the fun-

gus as food, while the fungus needs ant-tending to thrive. 

By replanting hyphae on their carpet of vegetation, ants 

prevent fungal spore formation and sexual reproduction. To 

the ants, spores are superfluous, as they do not eat them. 
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Because of this practice, the fungus relies upon the ants 

to achieve asexual reproduction, just as the ants cannot get 

enough to eat without their fungus gardens. 

Like other fungus-growing ants, leafcutters fertilize the 

colony's fungal gardens with their own manure. The fungal 

enzymes that break down plant matter are preserved despite 

ant digestion. 

From this, Lepiotaceae can recognize whether the ants 

have eaten from a different fungal source. This information 

carries throughout a colony's fungus gardens, and the fungus 

reacts negatively. 

Introducing an alien fungus lowers garden productivity, 

which in turn affects the ant colony. Hence, the ants' manur-

ing practice regulates the symbiotic relationship, obliging a 

colony of leafcutters to a single fungal strain. A neighboring 

leafcutter colony may cultivate a different strain. 

 Killer Mold  

Minims cultivate the fungal farm, feeding it with freshly 

cut leaves, grooming it, cleaning it, pruning it, and keeping 

it free from pests, especially the parasitic mold Escovopsis 

weberi.  

This mold does not compete with the cultivar by eating 

living leaf fodder. Instead, E. weberi is necrotrophic: living off 

dead organic matter. It kills the cultivar before it consumes 

Lepiotaceae, the leafcutter's fungal crop.  

Molds often invasively infect, then kill their host. E. we-

beri instead slaughters Lepiotaceae by secreting compounds 

that break down the cultivar's cellular structure. E. weberi 

has a history of leafcutter coevolution parasitism going back 

at least 50 million years. 

Leafcutters have another symbiotic partner to counter 

mold: Streptomyces bacteria, which grow in a specialized area 

of the ant: the metapleural glands. The bacteria secrete an 

antifungal compound onto the surface of the ant's exoskele-

ton to kill the mold that would otherwise foil a fungal farm.  

A leafcutter's Streptomyces is one of over 500 species of 

this bacteria, which, as a genus, have a wider habitat: soil 
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and decaying vegetation. Various Streptomyces provide 

2/3rds of the naturally derived antibiotics that humans use. 

 

Nitrogen-fixing bacteria are yet another symbiont in leaf-

cutter colonies. Leafcutters maintain a clean vegetative sub-

strate that engenders bacterial nitrogen-fixers. The bacteria 

convert atmospheric nitrogen to ammonia, a bacterial waste 

product that serves as a basic building block of amino acids 

and proteins for the ants. 

 Hygiene  

Leafcutters are hygienic. They keep their gardens immac-

ulate through a variety of practices: plucking out alien fungi 

and other waste, inoculating the correct fungal mycelia onto 

fresh substrate, fecal fertilization, antibiotic secretion, and 

application of growth hormones.  

Temperature and humidity inside the colony are tightly 

regulated. Leafcutter nest architecture is constantly man-

aged to adjust for ambient conditions outside the colony. 

Especially owing to the constant threat of parasitic mold, 

waste management is crucial to colony longevity. Larger, 

deeper pits than fungal gardens, at the bottom of the nest, 

hold waste.  

Garbage is deposited at designated waste stations, then 

transported to central waste pits. The pits are like a trash 

chute. They are located directly below openings to the sur-

face, allowing proper ventilation. Soil covers notably noxious 

pits. 

The risk of infection is higher in waste workers than in 

other occupations. Waste transport and disposal duties are 

taken by older, more dispensable ants, who only have a few 

weeks life left at most. Older workers taking jobs with 

greater risks, in a variety of contexts, is common to many ant 

species. 

 

Leafcutters are the chief herbivore of the New World trop-

ics: harvesting ~15% of the leaves produced in a rain forest. 
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Yet leafcutters are savvy enough to not kill trees: they shift 

between plants. 

Foragers prefer to harvest leaves from drought-stressed 

flora. On any plant, vigorously thriving leaves are bypassed 

in favor of stressed leaves, which contain higher concentra-

tions of valued nutrients. This minimizes the toll on plants. 

Leafcutters have a larger perspective on their foraging. 

Their harvesting depends not only on certain leaf traits, but 

also accounts for the ecosystem as a whole. Leafcutters live a 

sustainable existence. 

Overall, leafcutters play a positive ecological role, aerat-

ing areas of soil in grasslands and forests. Native palms 

sprout from the mounds of expiring colonies.  

The sophistication of cooperation, nest architecture, and 

maintenance, and their assembly-line farming, render leaf-

cutter ants an impressive apex in the animal kingdom. Only 

modern human colonies approach leafcutters in complexity. 

By comparison, people are ecologically insensitive dullards, 

lazy, and badly disorganized. 

Another ant has carved a similar lifestyle, albeit adapted 

to an arboreal habitat. 

 Weaver Ants  

Whereas leafcutter ants cut leaves as fungus fodder, 

weaver ants build their nests from leaves. Weaver ants live 

in the tropical forests of Africa and India, as well as Australia 

and the Solomon Islands.  

Highly organized, separate teams of workers bend leaves 

and glue them together to form nests, "in size between that 

of a man's head and his fist," scribed English naturalist Jo-

seph Banks in 1770.  

The glue used to hold the leaves comes from mature lar-

vae. While a leaf is held together by a leaf-tugging team, each 

of a coordinated sewing team holds a larva between its man-

dibles, swinging a larva back and forth, spinning connections 

between leaves; signaling with their antennae to the larvae 

to release sticky threads from glands below the larva's 

mouth. The larvae donate all their silk to the communal co-

coon. 
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The size of leaf-weaving teams varies by need. After a few 

ants have managed to bend a leaf onto itself or toward an-

other leaf, nearby workers join in.  

If the span between leaves is beyond the reach of a single 

row of ants, workers form chains: an extension ant grasps the 

ant in front by the petiole (waist). Numerous intricate chains 

may be formed in unison to bring together large leaves. 

As with other social ants, weavers communicate with 

pheromones and tactile signals; but weavers know their roles 

and act according to what is going on. 

A leaf nest can be built within 24 hours and may last more 

than a month. A nest is strong and watertight. Meanwhile, 

ants continually build new nests: replacing deteriorated ones 

and those damaged by storms. 

Nest-building is strenuous activity. Weavers are up to it. 

They can hold onto something more than 100 times their own 

weight while hanging upside down without losing their grip 

on the branch they are hanging from. 

 Weaver ant tarsi have moist, expandable food pads that 

can adhere to surfaces via capillary forces. Ants control these 

pads to move, or stay stuck, as need be. Reaction time is a 

millisecond. The fastest known nerve reflex response takes 5 

milliseconds, so the ants' quick grip must be mechanical, con-

trolled energetically. 

A single colony may have half a million weavers, scat-

tered among 150 nests in as many as 20 trees. A weaver col-

ony may patrol 1,600 square meters, one of the largest 

territories known for insects. Weavers are the dominant ant 

in their domain. 

Among their own species, weavers generally respect each 

other's territories, though neighboring colonies may occasion-

ally battle for territory. Colony boundaries are clearly 

marked, with a no-ant's-land strip between border lines. 

Weaver ants recognize neighbors by scent. Once an ant 

has had an encounter with a rival, it goes back to the colony 

and passes this information on: how the rival smelled, and 

how aggressive the interaction was.  

This intelligence is shared among workers. Contacts with 

rivals is continually updated among nest mates. Ants adjust 
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the aggressiveness of their responses based upon the colony's 

experiences. 

Inside the silk-walled nests are dairies. Weaver ants tend 

sap-sucking scale insects, collecting honeydew (a sugary sap) 

secreted from the bright red scales of adults. The scales 

thrive under the care of the weavers, producing gold-colored 

young. 

As with many other ant species, weavers are morpholog-

ically specialized, with different worker castes. The smallest 

weavers – minors – lick the scales to clean them and collect 

the discharge: a honeydew which they regurgitate upon de-

mand, whereupon a receiving larger sister transports and 

distributes the produce to others in the nest.  

Larger workers – majors – have various duties depending 

upon age. Young majors tend the queen, larvae, and pupae. 

Middle-aged majors forage.  

Senior majors, some missing a leg, or with worn mandi-

bles, protect the colony as scouts and guards. They retain 

sharp eyesight and acute sense of smell and have the added 

advantage of life experience. Seniors are also the most ex-

pendable. 

The dairies are a supplement to the weavers' diet. Weav-

ers primarily eat other insects, including scorpions, but are 

not beyond more exotic fare, such as snake, crab, or bird. 

Workers share their harvest – partly digested and regurgi-

tated – with the brood. 

A worker spots a banquet: more than it can handle alone. 

The worker releases a short-range recruiting pheromone to 

call nearby colleagues, who race to assist. They spray the 

prey with formic acid (a common venom in ant bites and bee 

stings), grab the prey and hold it, limbs splayed, until it is 

subdued. 

Weaver ants hunt practically any invertebrate big 

enough to be a meal. They are such effective hunters that 

weaver ant territories typically have lower populations of 

other insects than those areas outside weavers' hunting 

grounds.  
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The insects that weavers eat are often plant pests, so 

weavers benefit plants by decreasing herbivory. Weaver col-

onies have been employed in citrus orchards for pest control 

in China and Southeast Asia since at least the 5th century.  

Fruit trees with weaver ants produce higher-quality fruit 

and suffer less leaf damage from herbivores. The blessing is 

mixed, as weavers are a frightening foe, and so limit pollina-

tion by insects, and fruit removal by birds and mammals, 

thereby reducing seed dispersal. The scale insects and leaf-

hoppers that weavers farm for honeydew also take their toll 

on trees. 

There are weaver ant predators. Some caterpillars lure 

ants with their sweet honeydew scent, giving them entry to a 

nest, where they devour ant larvae. 

There are species of jumping spiders that resemble and 

smell like weaver ants. This deception affords entry into a 

nest without provoking an attack. Once inside, a spider feasts 

on eggs, larvae, and ants. 

Weaver ants also preyed upon by humans. In Thailand 

and the Philippines, weaver ant pupae, which have a creamy 

flavor, are harvested and sold in food markets. Adult ants, 

with a lemony/creamy/sour taste, are also delectable. 

 Meat Ants  

The meat ants of Australia are also known as gravel ants, 

because they often place sand, pebbles, mollusk shells, and/or 

vegetation scraps (leaves, twigs) on their nest mound near 

the opening, which help heat the nest quicker in the morning. 

Home decoration is not the meat ant's only domestic skill. 

Like other ants in their genus, meat ants enjoy symbiotic 

relationships with certain caterpillars and butterflies, as well 

as leafhoppers and the like. The caterpillars and leafhoppers 

secrete honeydew and are rewarded with protection from 

predators. This comprises the greater portion of a gravel ant's 

diet, which is supplemented with heartier fare. 

Besides the sweets, meat ants are omnivorous scaven-

gers. Their name comes from their employment by farmers to 

clean carcasses. Meat ants also scavenge for dead but still 

juicy invertebrates. 
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Meat ants reside in underground nests with up to 64,000 

members. Satellite colonies are often formed by daughter 

queens near the nest, resulting in connected nests that form 

a supercolony, stretching up to 650 meters.  

Nest holes are regularly arranged. Each nest has its own 

branched network of tunnels, with a few connections to other 

nests in the supercolony. 

Meat ants are diurnal. On hot days, the ants take a siesta 

midday, owing to the intense heat. All activity stops. 

Unlike many ant species, meat ants do not have physical 

castes of workers and soldiers. But they do take different 

roles. Tasks are designated by ability and experience level, 

as well as age.  

Young ants act as caretakers for eggs and larvae in the 

nest. The next step, for more mature ants, is to food collection 

from stationary resources: honeydew harvesting from true 

bugs or caterpillars and dragging dead animals back to the 

nest for communal feasting. This is often a group effort. Older 

ants forage solo, collecting small invertebrates and building 

materials.  

The oldest, toughest ants compete with ants from other 

colonies for territorial rights. Meat ants engage in non-lethal 

ritual combat with ants from neighboring colonies to estab-

lish foraging boundaries. Chemical communication is used to 

make a point and settle a score. 

Meat ants are also aggressively competitive with other 

ant species, tending to dominate their local ant communities. 

Other ant species either exploit resources not favored by 

meat ants, forage at different times, or live elsewhere. 

 Cane Toads  

Venomous cane toads, native to Central and South Amer-

ica, were purposely introduced into Australia for agricultural 

pest control: to eat cane beetles, which damage sugar cane 

crops. What was not anticipated, or even considered, was that 

cane toads successfully compete with native species, disrupt-

ing the local ecosystem. This should have been foreseen con-

sidering a cane toad's special talent. 
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The cane toad has poison glands behind the ears that take 

them off the menu of would-be predators or take out the 

would-be predator who tries to eat them, which leads to local 

extinctions from toad-kill. Even the tadpoles are highly toxic. 

But not to meat ants. 

A cane toad's defensive strategy is to sit still and let its 

poison do the talking. For a meat ant, that turns the toad into 

a statuesque banquet. Meat ants will mass to eat a toad alive, 

taking hunks to the nest; spicy fare for the family back home. 

 Termites  

Termites are colonial cockroaches. They 

are only distantly related to ants.  

Termites live in colonies ranging from 

several hundred to several million strong. Like eusocial ants, 

termites divide labor among castes. But they breed differ-

ently. While bees and ants have exclusively imperial breed-

ing habits, termites are more sexually democratic. Males and 

females mate repeatedly, though not necessarily monoga-

mously.  

Multiple fertile pairs typically exist in a termite colony. A 

termite queen may live 45 years. 

There are both sterile male and female workers in a ter-

mite colony. Pheromones from the queen(s), spread through 

shared feeding, are instrumental in colony integration. 

 

In eusocial ants, bees, and wasps (order: Hymeoptera), fe-

males can decide the sex of their offspring by controlling 

which eggs are fertilized by sperm. Fertilized eggs become 

daughters. Unfertilized eggs become sons. This is known as 

haplodiploidy. 

Hymeopteran females in a colony do all the work. Males 

(drones) are mere lazy breeders; hence the need for genetic 

control. An underproductive colony rapidly dissipates. 

Termites are not haplodiploid. Termite genetics do not 

skew eusociality as they do in hymenopterans. They don't 

need to. Males contribute to colony well-being as much as fe-

males.  
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Termites are eusocial in a distinct way, and for a different 

reason: food. Some termites chew wood for its cellulose, a rich 

energy source.  

Termites themselves cannot digest cellulose. They rely on 

mutualist protozoa in their gut, acquired generationally as 

young termites, from feeding on adult fecal matter; the only 

way the necessary protozoa are put into a termite gut.  

Only 1/4th of termite species chew wood with the help of 

digestive microbes. The other 75% keep fungal gardens, upon 

which they feed. 

 

Like all insects, termites are hygienic, though somewhat 

uniquely so. They groom one another to keep pathogens at 

bay, swallowing detritus to dispose of it. Their potent gut 

flora can terminate any unwelcome guests. 

Fungus is an especial problem in the warm, humid climes 

that termites are fond of. The Formosan termite goes so far 

as to build pesticide protection into its nest.  

The Formosan termite builds underground nests with ex-

tensive foraging galleries that spread to 150 meters. A colony 

may have more than a million members. 

The inner lining of foraging galleries is coated with a 

sponge-like material composed of chewed wood particles 

mixed with feces. As with other animals, termite poop is 

packed with gut microbes. Termite stool includes relatively 

prodigious quantities of pathogen-pummeling bacteria. Lac-

ing feces into constructions provides sanitary protection 

against common soil entomopathogens (insect pathogens). 

 

In a panic, humans, walruses, and ants try to escape pell-

mell: pushing, shoving, even stepping on one another. In 

stark contrast, termites are unfailingly disciplined in their 

orderliness. To a termite, an emergency is no reason to panic. 

Workers establish single-file formations, with those in line 

following the ones in front. Meanwhile, soldiers get to either 

side of the worker flow, acting as protection to their sisters 

and brothers while moving along in an orderly manner. 
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If a termite slows down or stumbles, those behind stop 

and wait for it to right itself. No pushing please – we're ter-

mites. 

Termite etiquette owes to evolutionary history. Termites 

were the first animals to form societies 200 million years ago 

(MYA), some 50 million years before ants and bees cottoned to 

the benefits of large-scale eusocialism. Instilling social graces 

takes time. 

 Fungus Gardeners  

Termites in tropical Africa and Asia practice fungicul-

ture. The ancestors of these termites were the first insects to 

practice such cultivation, beginning at least 31 MYA.  

Some species of Termitomyces – pseudo-Latin for termite 

fungus – are most commonly cultivated. Termitomyces forms 

a fruiting body if not cultivated by termites. This fruiting 

body is edible and sold in local markets and roadside stands 

in Africa, where the fungus and its pickers reside. 

Fungus-cultivating termites live in large colonies, build-

ing elaborate cities which are visible as large mounds. The 

city spires of one African termite may reach 12 meters. Other 

species are more modest, with mounds 2 meters high. 

These termite metropolises are engineering marvels. 

Mounds can survive fires and floods, though water can enter 

the inner chambers through the ventilation shafts and drown 

the termites inside; hence the height of fully-grown cities. 

Termites use sophisticated techniques to regulate the in-

ternal environment of a city. Humidity, temperature, and at-

mospheric content are controlled. A city's elaborate 

ventilation system enables the interior to have higher levels 

of carbon dioxide and humidity than the outside air. 

Within a city, termites construct fungus gardens (combs) 

made of macerated plant material. Fungus comb construc-

tion is meticulous. 

Termites forage for wood and other plant debris which 

they chew and swallow. These foragers return to the nest, 

whereupon they deposit the macerated botanicals as fecal 

pellets. These fecal bricks are taken by internal laborers to 

construct a comb. 
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The garden is inoculated with the fungus that is being 

maintained by the termites. A mycelium develops, and 

spreads throughout the comb. This turns the plant matter 

used to construct the comb into termite food. 

The termites eat the comb infused with fungi, whose 

spores pass undamaged through the termites' guts. The ter-

mites feed the fungi termite excrement. Completing the life 

cycle, the fungal spores hatch in the garden. 

 

 Head Bangers  

The African termite builds pyramidal mounds in the sa-

vanna, sometimes over 3 meters high. The mounds have a 

central chimney flanked by smaller buttresses. The structure 

is ingeniously architected to ventilate well and maintain a 

constant internal temperature, taking advantage of natural 

wind flows and diurnal outside-temperature fluctuations. 

Underneath lies a network of tunnels that radiate to foraging 

sites.  

Soldier termites protect the mounds. They produce a 

drumming sound to alert others of an approaching aardvark 

or pangolin, their despised nemeses. The vibration comes 

from soldiers banging their heads on the ground 11 times per 

second. The initial knock is picked up by other soldiers.  

Termite legs sense the beat. The slight delay between the 

leg that is nearer the sound and the one that is further away 

lets a termite know the direction that the vibration is coming 

from.  

The African termite is not alone in using this technique. 

An estimated 15,000 insect species communicate via vibra-

tions drummed through their nests, the ground, or another 

solid surface. 

 

Insects have extraordinary mental ability. They predict and 
then modify their behavior, communicating their conclusions, 
and (in the case of dancing bees) translating mathematical cer-
tainties into a coded form of dance which others will under-
stand.  
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Conventional explanations are that these insects are simply 
pre-programmed, but their brains could not embody sufficient 
exigencies to meet all possible occurrences in their daily lives.  

In their own way, these insects are solving problems and 
thinking. They are communicating in an insect's way, deliber-
ately, and in detail. ~ English biologist Brian Ford  

 Octopuses  

Cephalopods became dominant during the Ordovician pe-

riod. 11,000 groups (taxa) of cephalopods once existed. Today, 

only 800 species are extant. 300 of those are octopuses, in-

habiting several regions of the ocean, including coral reefs, 

pelagic waters (the open sea), and the ocean floor. 

An octopus has 2 eyes, 4 pairs of arms, a hard beak, and 

a mouth at the center of its arms. What an octopus does not 

have is a skeleton of any sort, though some species retain a 

vestigial shell remnant inside their mantle (head). 

There are 2 octopus groups: Cirrina and Incirrina.  

Cirrina octopi have a small, internal shell, and 2 fins on 

their head which are used for swimming. This suborder is 

named for the clilia-like strands (cirri) on their arms: a pair 

for each sucker, thought to assist feeding by creating currents 

which help bring food closer.  

The better-known Incirrina include the benthic octopi, as 

well as many pelagic octopus families. Incirrina lack the 

shell, fin, and cirri features of Cirrina octopuses. 

Octopi have a highly efficient metabolism. The giant Pa-

cific octopus is about the size of a rice grain when it hatches. 

Within 3 to 5 years, it may have arm spans of 3.6 meters. 

Hawaiian octopus juveniles can gain over 4% of their body 

weight daily. Diguet's pygmy octopus grows from 1/400th of 

a gram to 40 grams in 6 months: a 1000-times weight gain in 

a half-year. 

The octopus body is squishable. Like human tongues and 

elephant trunks, octopus arms are muscular hydrostats: 

muscles that may move without skeletal support. Hence, an 

octopus can dramatically change its dimensionality while its 

total volume remains constant. This allows octopi to get 

through seemingly impossible tight spaces. A giant Pacific 



 Animals  505 
 

octopus can squeeze itself through anything smaller than its 

hard beak and braincase; allowing it to slink through an 

opening 3 centimeters in diameter. 

An octopus has 3 means of propulsion. It may walk along 

using their arms, which is its preferred means of getting 

around; actively swim by flexing arms and body; or zoom on, 

by jetting water through its body. 

All vertebrates have a single heart. Octopi have 3: 1 for 

the body, and 1 for each of 2 gills. To breathe, water is drawn 

into the mantle cavity, where it passes through the gills. 

Oxygen is transported in octopus blood by the copper-rich 

protein hemocyanin, which is less efficient in temperate hab-

itats than the iron-rich hemoglobin of vertebrates, but much 

better in cold water with low oxygen pressure. The hemocya-

nin floats in the plasma instead of within red blood cells. This 

gives octopus blood a bluish tint. 

With 450 million years to develop into diverse settings, 

savvy should be expected. While some cephalopods are re-

markably clever, octopuses exceed all expectations. 

Octopuses use tools. They can open childproof caps that 

elude the skill set of many adult humans.  

Octopi have a sense of order and cleanliness; plan ahead; 

are quick learners; have excellent memory; recognize differ-

ent shapes and patterns, including human faces; readily 

solve problems; and easily work their way through mazes. 

Octopuses are a carnivorous mollusk. In search of a late-

night snack, captive octopuses break out of their aquarium 

holds and into others. The sly suckers have boarded fishing 

boats and opened holds to feast on crab.  

Octopuses are natural mimics, and playful throughout 

their short lives. Larger species may live to 5 years. Some last 

but 6 months. 

Octopi have a distributed physical intelligence system, 

only 40% of which is localized in the typical, walnut-sized 

brain. Each octopus arm has a mind of its own, with an indi-

vidual sense of proprioception. These arm minds meld to form 

an integrated mental whole. 

Cognitive power on the arms is understandably necessary 

when you consider that each arm has about 240 suckers on 
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it, each of which may be individually manipulated. An octo-

pus can move or rotate an individual sucker, or even fold one 

to use as a pincher. An octopus can even move a picked-up 

object up or down its arm using only its suckers, without hav-

ing to move its arm.  

Suckers also gather tactile and chemical information 

about their immediate environment. A sucker can taste what 

it is handling. 

It's horribly complicated. ~ Canadian biologist Jennifer 
Mather on octopus suckers  

Mental integration is illustrated by octopus' ability to cre-

ate subtle, whole-body shifts of camouflage coloring, along 

with accurate behavioral imitation, in their highly flexible 

bodies. Octopi mimic more dangerous animals, such as eels, 

sea snakes, and lionfish, to avoid becoming prey. They also 

use mimicry to be a better predator. 

Octopuses pick and choose elements of their immediate 

environment, or from their memories, to compose the look 

they want. This mental image is then displayed on their 

body. A similar process results in behavioral mimicry: dance 

moves in the mind take physical form in the subtlest ways. 

Like many hunters, the octopus visually relies on move-

ment to spot a potential meal. A skittering crab freezes if it 

suspects that is being tracked, in hope of evading detection 

and capture. A crafty octopus may hover near a crab and cre-

ate a "passing cloud" display, by moving a dark patch across 

its body. This can confuse or startle a crab into moving, ena-

bling the octopus to nab it. 

Octopi can camouflage anywhere they go, and they can do 
that in a fraction of a second. ~ American marine biologist 
Roger Hanlon 

What is most astonishing is that the remarkable color 

shifting of octopi is achieved by an animal which has no color 

vision photoreceptors. Despite being ostensibly color-blind, 

octopi can purposely produce vivid color displays that 

adroitly match their desires: whether blending into the envi-

ronment to disguise themselves, or in acts of bodacious ani-

mal mimicry. 
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From a standpoint of vision receptors, octopuses are color-

blind. But there is something more to their sight. These crea-

tures have odd vision hardware: an off-axis, U-shaped pupil 

that affords chromatic aberration, where prismatic colors 

may be perceived because different light wavelengths come 

into focus at different distances behind the lens. The result-

ant visual imagery is not sharp but does give a sense of color. 

From there the mind interprets. 

Octopi also have opsins – light-sensitive proteins – on 

their skin. Opsins have no focusing lenses. They are just light 

receptors. And octopi only have a single opsin type on them; 

which means the opsins cannot discriminate colors, which 

would take multiple opsin types. How octopuses make use of 

the information from their opsin network is not known. 

Like most animals, the octopus body has bilateral sym-

metry: the left and ride sides are mirror images of one an-

other. Animals with bilateral symmetry always have a 

preferred direction of movement relative to body orientation; 

except octopi. Their 4 pair of arms are all around it. Animals 

with such radial symmetry, such as sea stars and octopuses, 

can move in any direction. So too octopi. 

Radial symmetry gives tremendous flexibility. Octopuses 

may simultaneously use their arms for different tasks.  

When trolling the seafloor, which is the preferred mode of 

locomotion, octopuses use the back arms for walking, and the 

front ones for feeling around. Octopi also tend to favor certain 

arms; a sort of handedness, common to many animals. 

On top of superlative shapeshifting, an octopus' ability to 

change direction unpredictably in the blink of an eye provides 

a superb defense against predation. 

To live so successfully in so many of the world's diverse 

marine biomes, octopi made some stunning adaptations, from 

3 hearts to blue blood. 

Octopuses are ectothermic, which why they can have such 

an efficient metabolism, as illustrated by their rapid devel-

opment. The drawback to ectothermy is relying upon the am-

bient environment to regulate temperature. Yet some octopi 

manage to live in frigid water.  

Besides depleting basic body heat, the cold degrades the 

nervous system. Nerve cells depend upon electrochemical 
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communication. This requires precise timing in ion flows – a 

dynamic which is temperature-sensitive. To adapt, octopi 

edit their genes. 

Octopuses are rewriting the genetic code of their proteins that 
are involved in electrical excitability through RNA editing. They 
might be regulating their editing for lots of different reasons.  
~ American neurobiologist Joshua Rosenthal 

The Pacific pygmy octopus, which is about the size of a 

gum ball, lives in the estuaries of Baja California. The water 

there rises to 32 °C during a summer day and drops to 4 °C 

in a winter night. RNA editing lets the little octopus adjust. 

While plants are known to actively manage their genic 

activity, octopuses are the only animal known to exhibit such 

molecular acumen.  

There is every reason to think that octopi are far smarter 

than the predominant primates that live on land, as octopus 

behaviors are much more sophisticated. Not incidentally, oc-

topi have 770 times the brain cells of humans (octopus arms 

included). 

 

Most octopuses live asocial lives. We do not know how 

these lone animals find a mate; scent likely plays a part. 

A male set on mating approaches a female that has 

reached sexual maturity, just close enough to stretch out a 

specialized reproductive arm (hectocotylus) and caress her. 

After some time in foreplay, the male inserts his hectocotylus 

into the female's mantle and fertilizes her eggs, which may 

commonly number to 1/2 million in 1 batch. 

Eggs may take 4–6 months to hatch, during which the 

mother guards them, jetting water to aerate and clean them. 

A female does not hunt while protecting her eggs, though she 

may eat some eggs to keep her going. 

One species of cold-water deep-sea octopus broods her 

eggs for over 4 years. Mother cares for them the whole time, 

herself eating little or nothing. Octopus eggs, as with other 

invertebrates, develop more slowly in cold water. 

Mom dies soon after the eggs hatch. Males too die within 

a few months of mating. 
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Young larval octopuses may be but a few millimeters. 

They float to the surface, becoming part of the plankton for 

about a month, then sink and begin a normal life.  

Their parents gone, young octopuses must learn quickly 

or risk becoming a shark snack. Unlike many animals, where 

sociality demands adaptively drive enhanced intelligence, oc-

topuses are mostly solitary, which makes their savvy all the 

more impressive. 

There are exceptions to this typical life cycle. The Pacific 

striped octopus, which lives off the coast of Nicaragua, are 

social: living in groups of up to 40. Females lay multiple egg 

clutches. These octopi mate face-to-face, sucker-to-sucker. 

 Reptiles  
The man who never alters his opinions is like standing water, 

and breeds reptiles of the mind. ~ English poet William Blake 

There are 9,547 known reptile species. All breathe air, 

even those thoroughly adapted to an aquatic lifestyle.  

Reptiles have a skin covered in scales and/or scutes. Most 

lay shelled eggs, though some vipers and constrictor snakes 

are viviparous (live birth).  

All reptiles are considered tetrapods (4-legged). Snakes 

qualify by their descent from lizards, though they lost their 

limbs and external ears at the gain of specialized adapta-

tions. The most primitive of the modern snake groups – py-

thons and boas – retain vestigial hindlimbs, which show as 

small, horn-like claws at the base of the tail. 

Snakes are lizards sans 4 limbs and external ears. But 

then, lizards don't necessarily have legs nor external ears. 

There are worm-lizards that appear as oversized earth-

worms. The white worm-lizard of South America often for-

ages in the deep galleries where leafcutter ants dump their 

waste. The larvae of certain beetles pass their own worm-

hood there, serving as worm-lizard food when found. 
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 Taxonomy  

Carl Linnaeus, the father of modern taxonomy, was an 

incautious observer. He misclassified amphibians and rep-

tiles as a single animal group. Working in species-poor Swe-

den, Linnaeus' observation of snakes in the water in the 

1740s led him to a facile conclusion.  

French zoologist Pierre André Latreille first parceled am-

phibians and reptiles into separate classes in 1825; a deter-

mination popularized by English anatomist Thomas Henry 

Huxley. Huxley, along with English biologist Richard Owen, 

clumped "antediluvian monsters" into Reptilia. With this, di-

nosaurs became reptiles, which isn't quite right. 

German biologist Ernst Haeckel decided it logical in 1866 

that vertebrates be divided by respective reproductive strat-

egy; whereupon reptiles, birds, and mammals were united by 

an amniotic egg. By the end of the 19th century, birds and 

mammals were excluded from Reptila, as they are endother-

mic, whereas reptiles otherwise are ectothermic.* 

That left reptiles as amphisbaenians (carnivorous worm-

lizards of Africa and South America), lizards, tuatara (a 

unique New Zealand lizard), toads, turtles, alligators & croc-

odiles, and snakes, along with the fossil groups of dinosaurs, 

synapsids (mammal-like reptiles), and Permian period pa-

reiasaurs: proto-turtles that were up to 300 cm long and 600 

kg. This remains the common definition of the class Reptilia.  

It is sloppy classification. Dinosaurs don't belong, and 

birds, which descended from dinosaurs, are latter arrivals in 

the clade of dinosaurs. 

 Lizards  

There are over 5,500 species of lizards, the most diverse 

group of reptiles. Lizards live on all continents except Ant-

arctica. Many species are restricted to a specific habitat 

niche. Lizards are largely absent on oceanic islands, though 

 
* Dinosaurs were mesothermic – one of the telling indicators that 

they do not belong in the reptile class. 
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the Galápagos now hosts 7 species which descended from a 

single ancestral species. 

Many lizards are meat eaters, 

with diets that range from insects 

(some even specialize in certain crit-

ters) to omnivorously eating anything 

they can catch or scavenge. Iguanas 

are herbivorous. The Galápagos ma-

rine iguana uniquely forages upon seaweed and marine algae 

in the sea off the rocky coasts of those islands. 

 Sight  

Sight is a crucial sense for most lizards, both for preda-

tion and communication. Many lizards possess acute color vi-

sion, with eyes of high cone (color receptor) density. Some 

have pigmented oils in the cones that further enhance color 

sensitivity.  

Black-and-white rod receptors, common in other tetra-

pods, are generally lacking in color-acute lizards. Like some 

insects, such as bees, lizard vision extends into the ultravio-

let light spectrum. 

Those lizards with exquisite color vision, and with a diur-

nal lifestyle, are typically brilliantly colored. Some lizards 

are capable of rapid changing their color.  

In contrast, most nocturnal geckos are drab. Nocturnal 

geckos adapted to seeing in low light while retaining color 

sensitivity.  

Human vision switches from cone-based color vision in 

bright daylight to rod-based black-and-white as darkness de-

scends. Color reception lessens at lower light levels.  

Color sensitivity of the helmet gecko is 350 times higher 

than humans at the low light threshold where color vision 

become available. These nocturnal geckos have larger cones, 

with distinct concentric zones of different refractive powers 

that constitute a multifocal optical system. Each zone is dif-

ferentiated by 15 diopters, the same magnitude needed to fo-

cus light in the wavelength range which gecko photoreceptors 

are optimally attuned.  
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Diurnal gecko species are monofocal, and lack distinct, 

concentric, refractive zones. Geckos re-evolved diurnality nu-

merous times, and their vision systems varied in doing so. 

Though it is not poisonous, the vivid blue-headed agama 

lizard was long one of the most feared lizards in South Africa. 

The Muslims there loathed the lizard for its head-bobbing, 

which they believed was an intolerable mimicking of believ-

ers bowing to Allah.  

The agama has monocular vision: independent eyes. Its 

head-bobbing betters depth perception. 

 Communication  

To communicate, lizards employ pheromones and an ex-

tensive vocabulary of body language: postures, gestures, and 

movements. They communicate to entice mates, define terri-

tory, resolve disputes, and perhaps for other reasons un-

known to us.  

Some lizard species have patches of bright color to signal 

others: typically, under the throat or on the belly. These col-

orations can be hidden, so as not to be a painted target to 

predators. 

Nearly all lizards use visual signals and chemical cues for 

social communication, but their relative use varies consider-

ably. Iguanas, which arose before scleroglossans, illustrate 

by contrast. 

Iguanas rely heavily on visual signals: some quite elabo-

rately dramatic, considering the brilliant colorations found in 

many iguana species.  

Scleroglossans – which includes worm lizards, geckos, an-

guids, skinks, and snakes – rely on chemical communication 

more than iguanas, though there is some spectacle there as 

well. Flagrant fragrant plumes from female cloacal glands 

convey to a male all the particulars of mating potential. In-

visible chemical trails let males track females through maze-

like terrain, most notably subterranean complexes, where 

visibility is poor.  

Some geckos couple overt behaviors with sonic signals. 

Tactile communication is often mixed with other modes 
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among numerous lizards. As with many animal species, so-

cial interactions among lizards are most pronounced and di-

verse during mating season. Mating rituals vary by species. 

As with humans, hormonal changes alter behavior patterns. 

Lizards are far from loquacious, but they have well-devel-

oped ears and sense of hearing, which are often used to eaves-

drop on potential predators.  

 Geckos  

Geckos are the most specious lizard family, with 1,500 

distinct kinds. Geckos are typically small (ranging from 1.6–

60 cm), with soft skin. They have adapted to a range of bi-

omes, from deserts to jungles. Most live in warm climes. 

Gecko vocalizations are unique among lizards. They talk 

to one another with clicking or chirping sounds which differ 

by species. 

Almost all geckos lack eyelids, which are compensated for 

with tough corneas. Geckos lick their eyes to keep them 

clean. 

 Gecko Feet  

Gecko adhesion is highly dependent on surface wettability 
and the presence of water or air between the toe pad and the 
contact surface. ~ American zoologist Alyssa Stark 

Some 60% of geckos can walk up walls 

and on ceilings, even glass. Gecko soles have 

ridges (lamellae) that can become adhesive 

at will. The ridges of each foot have half a 

million hairs (setae). The end of each hair 

splits into 100 to 1,000 tiny spatulas which 

can only be seen using an electron microscope.  

Surface contact with the setae spatulas creates billions of 

fragile molecular attractions, called van der Waals interac-

tions, after Dutch theoretical physicist Johannes Diderik van 

der Waals. The van der Waals force may be attractive or re-

pulsive. It emanates from molecular dipole moments.  
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van der Waals interaction is relatively weak compared to 

other chemical bonding, such as covalent bonding or electro-

static ionic interaction. van der Waals intermolecular attrac-

tion depends on the relative orientations of the molecules 

involved. 

Electrostatic forces also effect gecko adhesion, but not as 

a dominant force. Geckos can adhere to surfaces where elec-

tric charges do not accumulate, such as bare steel.  

Geckos have complete control over their van der Waals 

soles. At a certain angle, the subtle attraction is lost, the 

spatulas detach and roll up like a party favor.  

Organic fats (phospholipids) secreted on the feet protect 

the delicate hairs and provide liquidity that assists adhesion 

and its release. Geckos can clean their feet of debris by hy-

perextending their toes.  

 

 Namibian Desert Gecko  

Bradfield's geckos live on the coast 

of Namibia, where cool winds and fog 

are the norm. Unlike most desert 

geckos, which are nocturnal, these 

Namibian geckos are diurnal. Their 

specially adapted scales efficiently 

soak up the Sun's rays and keep the geckos warm. 

Bradfield's Namib day geckos need only 1/4th as much 

energy as other desert geckos. Slackers to the max, they move 

leisurely and eat extraordinarily little. Further, these desert 

geckos need little to drink, as 70% of their water intake is 

absorbed through their skin from the thick morning fog. 

Adults chirp at a high pitch when approaching each other, 

as statements of claimed territory and other information. 

 Lifestyles  

As with communication proclivities, iguanas and sclero-

glossans have contrasting lifestyles. Iguana are highly terri-

torial, with a defined home range. These lizards both 

advertise and defend their territory via ritualized displays. 
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Scleroglossans are relatively non-territorial: defending only 

their homes.  

Territorial boundary establishment and maintenance is a 

common cause of aggressive interactions between lizards, 

which usually involves sexually mature males. These behav-

iors vary by species: visual displays, posturing, chasing, grap-

pling, and, at the extreme, fighting with potential for serious 

injury.  

Non-territorial scleroglossans males act aggressively over 

scarce resources. One resource is especially valued: choice fe-

males.  

Relative body size often tells the prospects for success for 

aggressive encounters between males, though hormone lev-

els and established residency are also factors. Home court ad-

vantage counts. 

 Striped Lava Lizards  

Boulders in northeastern Brazil host a dense community 

of striped lava lizards. A dozen or more may be on a single 

rock. Each social group boasts a dominant male, as evidenced 

by enlarged testes, along with subordinate males, who have 

smaller cajones, and several females, as well as numerous ju-

veniles.  

The dominance hierarchy maintains social order and al-

locates rock space, including spacing between individuals. 

When an intruder approaches, the group hustle across the 

rock in a wave, into crevices. These flat lizards pack them-

selves into crevices like volunteer sardines.  

The dominance hierarchy is suspended while in a crevice. 

Emerging from the crevice onto the rock reestablishes social 

order. 

All lizards in the group keep a lookout for predators. 

When one responds to a perceived threat, others follow that 

lizard's lead and enter crevices. Survival trumps social nice-

ties. 

 Mating  

Lizards are typically polygynous: males mate with multi-

ple females. Polygynous mating is ubiquitous in short-lived 
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species, and those that breed multiple times within a season. 

Monogamously oriented lizard mating systems are known 

but poorly documented.  

Either mating system is a matter of social status as well 

other fitness characteristics. Males compete to attract the 

most desirable female(s). 

The Australian skink known as the sleepy lizard is mo-

nogamous, though extra-pair matings do occur. Monogamous 

relationships may last for years, not just for the breeding sea-

son.  

Long-term pair bonding has advantages, including lower 

probability of predation owing to coupled vigilance by male 

and female. Sleepy lizard offspring tend to remain within the 

female's home range, adding complexity to this skink's social 

organization.  

 Tails  

Lizard tails are often a useful if expendable appendage. 

Some lizards have tails that they may use to mimic their 

heads, such as with the sleepy lizard; others may mimic 

leaves. The tails of many arboreal lizards are prehensile. 

Iguanas and monitors beat their attackers with their tails. 

Many lizards can practice autotomy: lose their tail to 

break the grasp of a predator. The detached tail continues to 

wiggle, providing a distracting deception that facilitates es-

cape.  

A lizard can regenerate a new tail in ~2 months. The new 

tail is not a perfect replica. The replacement tail lacks the 

fine motor control of the original.  

Lizard tail loss is not without social consequence, partic-

ularly for juveniles of territorial species. High-status juve-

niles lose face with a lost tail. That lost status may be 

regained but losing a tail as a juvenile can have a cascading 

effect on a lizard's success prospects. 

Several invertebrates, including spiders, lobsters, sea 

stars, crabs, and octopi, are also autotomy artists in being 

able to regenerate a lost limb. 
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 Intelligence  

Lizards exhibit behavioral flexibility, using multiple strategies 
and reversal learning, plus rapid associative learning. This de-
gree of flexibility is not predicted for a species that lacks com-
plex social structure and has a relatively simple foraging strategy 
(i.e., sit-and-wait). ~ American zoologists Manuel Leal & Brian 
Powell 

Many studies of reptile cognition in the 1950s and 1960s 

were inherently flawed, as they had been designed for mam-

mals, which have different reactions to stimuli. With an ac-

cumulation of negative results from obtuse researchers, 

reptiles were generally considered dim-witted. The irony of 

scientific stupidity is unending. 

In the 1960s, American neurobiologist Paul MacLean fan-

tasized that the human brain had 3 levels: a triune brain. The 

lowest was the reptilian complex, followed by the limbic sys-

tem, with the neocortex on top. This sophistic notion carried 

currency in some corners, particularly psychiatrists (not the 

brightest flock of psychologists), but never gained acceptance 

among thoughtful zoologists.  

American science writer Carl Sagan imprudently popu-

larized the triune human brain in his 1977 Pulitzer Prize-

winning book: The Dragons of Eden. The Pulitzer Prize 

awarded was not given for fiction, which Sagan's book was. 

Thanks to Sagan's prosaic tripe, the notion of a reptilian part 

of the human brain is still popularly believed. 

The sine qua non of intelligence is survival. Most lizards 

are well camouflaged in their natural surroundings and 

know to keep still until a predator passes by. With the ability 

to change their look, chameleons are especially careful to 

blend in to their location when danger is sensed. 

Other lizards distract or startle a predator to give them-

selves a chance to escape. The Australian frilled lizard, for 

instance, opens its big mouth, loudly hisses, and flashes its 

expansive neck frill before scampering away. 

Though lizard savvy has not been studied extensively, liz-

ards are at least as clever problem solvers as social birds, 

such as those in the Paridae family, which includes tits and 

chickadees.  
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Monitor lizards are among the 

smartest of lizards. They can count 

at least up to 6, which is likely as 

high as they'll ever need to count.  

Monitors are adapted for hunting live prey. They have a 

venomous bite. 2 or more may hunt together cooperatively.  

One monitor was observed luring away a female crocodile 

from her nest while its partner opened the nest to feed on the 

eggs. The decoy was then given its chance to an egg feast. 

Sociality demands mental acumen in keeping track of re-

lationships. Lizards are gregarious. 

 Snakes  

There are over 3,400 species of snake in 

500 genera in over 20 families. Snakes live 

on every continent except Antarctica and in 

the sea. Unlike lizards, snakes have made 

their way to many oceanic islands. 

Snakes range greatly in size: from 10 cm 

burrowing thread snakes to 7+ meter pythons and boas.  

Specialization is extensive. Arboreal snakes are long and 

thin. Many vipers, boas and pythons are heavy-set and rela-

tively short. A diverse range between the ends of that spec-

trum exist. Female snakes are typically larger than males, 

though sexual dimorphism is not generally pronounced in 

snakes. 

 Anatomy  

For all their diversity, snakes are a clearly recognizable 

group. They have a flexible body with no limbs. Their eyes 

have no eyelids. Snake eyes are protected by the same kera-

tin sheet that covers the body. 

Snakes differ from other reptiles by what they lack: ster-

num (breastbone) and forelimbs, along with shoulder girdle. 

There are other anatomical anomalies. 

Internally, snakes are mostly a digestive tract. The stom-

ach accounts for more than 1/3rd of body length in some 

snakes. 
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Like lizards and birds, snakes have no urinary bladder. 

Nitrogenous wasted is passed as semi-solid uric acid; not 

urea, as with mammals. 

Most snakes have a single lung. In the snakes with 2 

lungs, the left lung is invariably smaller: from 85% to as little 

as 1%. 

A snake heart has 3 chambers. The right atria receives 

blood from the lung(s); the left from the rest of the body. Both 

atria pass their blood to the single ventricle for recirculation. 

Lacking a diaphragm, a snake's heart can move around to 

accommodate ingestion of large prey. 

The snake skull is an impressively flexible construction. 

With few exceptions, most skull bones are movably connected 

to each other, and only loosely attached to the braincase. This 

allows a snake to stretch and distort much of its head in var-

ious directions.  

Snake jaws are constructed to create a cavernous open-

ing. Snakes easily swallow something wider than they are.  

Snake teeth are hinged on flexible ligaments, enabling 

them to lock their teeth in a backward-pointing position 

when prey is being swallowed, thus preventing dinner from 

struggling free. 

Otherwise, snake dentition varies. Most snakes have 2 

rows of teeth on the upper jaw, and one on the lower jaw(s). 

Some snakes' lower jaws are not fused into a single jaw, so 

that there is a gap between the 2 lower jaws. 

A snake doesn't suffocate while swallowing a huge meal 

because the end of its windpipe is reinforced with cartilage 

rings. Further, the windpipe can be extended forward, along 

the floor of its mouth, so that breathing can continue unim-

peded. 

Because they have no breastbone, the ends of ribs can 

widely separate to let large prey pass into the stomach. 

Poisonous snakes have serious fangs: either grooved, to 

guide venom delivery from glands on the top of the head; or 

hollow, like hypodermic needles, through which venom flows. 
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 Skin  

Snakes, like all reptiles, are covered in scales, which pro-

tect from abrasion and dehydration. The outermost layer is a 

continuous sheet of keratin, which is a tough fibrous protein. 

Snakeskin, which is very flexible and elastic, is water im-

permeable. Hence, snakes cannot absorb moisture through 

their skins. But about 2/3rds of their water loss is through 

the skin, with the rest by excretion. Snake scales are no bet-

ter at retaining water than other skin types. 

Snakes grow throughout their entire lives. So, to accom-

modate growth and facilitate repair, snakes periodically shed 

their skin; a process termed ecdysis. 

Snakes are the only vertebrate that completely molt their 

entire skin. Snakes molt 1 to 3 times a year, depending upon 

species. A snake typically does not eat for a couple weeks 

prior to molting. 

 Temperature Regulation  

Snakes are typically ectothermic creatures. Cold-blooded 

is a hoary misnomer: so-called cold-blooded animals actually 

have warm blood.  

Endothermic animals have internal mechanisms to self-

regulate internal body temperature, at the expense of a 

greater metabolism: requiring roughly double the energy for 

every 10 °C rise in temperature. 

Ectothermic animals need an external assist to regulate 

their body temperature: typically, sunlight or something 

warmed by sunlight. Snakes, like all ectotherms, keep warm 

by behavioral habits. 

The long, slender snake body has a high surface-to-weight 

ratio. Since heat is absorbed over a surface, snakes can in-

crease heat uptake by stretching out. Flattening out is even 

better, both for catching rays from above and warming the 

underside by conduction. 

Snakes must keep themselves between 4–38 °C or risk 

death. Their body temperatures are typically higher than 

their surroundings: around 30 °C (versus 23 °C room temper-

ature).  
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While active, many snakes can maintain their body tem-

peratures within a desired 1 °C range. This is remarkable 

considering snakes lack feathers, fur, or other insulation, and 

skin is far from ideal for retaining heat. 

Heat can be conserved by coiling. Snakes, even those of 

different species, will sometimes aggregate to keep warm and 

conserve moisture. 

When prevailing conditions make it impossible to ade-

quately regulate themselves, snakes retreat to dormancy. 

Adders in northern Europe hibernate 8 months of the year. 

Conversely, tropic regions, with long, dry, hot summers force 

snakes to sequester themselves in a cool burrow or beneath 

the bark of a tree to avoid dehydration. 

Water snakes are limited in thermoregulatory opportuni-

ties. Hence, aquatic marine snakes are found only in the 

warm-water regions of the world. 

 Senses  

There's been this enduring myth that snakes are deaf.  
~ American biologist Bruce Young 

Snakes lack external ears. They have only an ear bone 

connected to the mandible with no ear drum.  

It was long presumed that snakes could detect only 

ground-based low frequencies. Instead, snakes hear sounds 

through the air via skull vibrations. The best reception ap-

pears to be between 80–160 hertz: the lowest cello notes. 

The sensitivity of snakes to vibration is great. ~ American 

neurobiologists Peter Hartline & Howard Campbell 

Generally, snakes are short-sighted. Most lack keen 

sight. All snakes lack eyelids. Limited snake vision may be 

accounted for by their descent from burrowing lizards.  

Some snakes see well enough, especially nocturnal hunt-

ers, who have quite light-sensitive sight. Snakes generally 

detect movement better than form. What's to see? If it moves 

right and is an edible size, that's all a snake needs to know. 

Little is known about how snakes see. One oddity is that 

snakes have a greater diversity of photoreceptor cell types 

than other vertebrates, indicating that they may get cross-
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referential visual information which compensates for direct 

lack of sharpness. Another peculiarity is that snakes control 

blood flow to their eyes to optimize sight when they need it 

most: during potential emergencies.  

Whatever deficiencies in vision and hearing snakes may 

have are compensated for by adept senses of smell and heat 

sensitivity.  

 Smell  

Snakes have a tremendous sense of a smell, courtesy of 2 

physically independent systems: the nose and a vomeronasal 

organ (VNO): open sacs lined with sensory cells at the roof of 

the mouth (palate), near the nostrils. The nasal and VNO sys-

tems are somewhat disconnected, using different signaling 

pathways. A combined sense of smell comes together in the 

mind. 

A snake flicks its forked tongue out, picking up airborne 

scents. The retreated tongue tips traipse into the VNO sacs, 

whereupon the scent sensation is passed to the brain via po-

tassium ion channels and then mentally interpreted.  

Some lizards, such as monitor lizards, also have this 

chemosensory system. Other animals also have a usable 

VNO, including salamanders, and several species of mam-

mals: rodents, dogs, cats, pigs, goats, cattle, and elephants, 

along with several primates, such as lemurs, lorises, and 

some New World monkeys. Humans, while apparently hav-

ing the genes, lack VNO genetic expression. 

For many terrestrial vertebrates, VNO plays a key role in 

identifying potential sexual partners, aggressors, possible 

prey, or predators. VNO is often a secondary system for 

chemoreception. The common primary means of smell, and 

the only one people have, is through the nose. 

 Infrared Detection  

Some snakes, including pit vipers, boas, and pythons, 

have infrared-sensing pits in the nose area. These facial pits 

are not directly sight-related, though infrared (IR) is a visible 

spectrum in some animals. In snakes, infrared is detected 
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through heat sensitivity: incoming radiation warms an ion 

channel which triggers a nerve impulse. The pit membrane 

is then rapidly cooled by vascularization.  

The portion of the snake brain active while processing IR-

pit input is the optic tectum, which receives other sensory in-

formation, including optical and auditory stimulations, as 

well as motor and proprioceptive (body-related) perception. 

This physical centrality coincides with mental integration.  

 Locomotion  

Lack of limbs is no impediment to snakes getting around. 

Snakes have distinctly different modes of locomotion for dif-

ferent terrain, though some species are more specialized.  

Adjustments in locomotion must be made because snake 

scales create different amounts of friction depending upon di-

rection. Friction is greatest going forward, which is why 

snakes undulate.  

Serpentine locomotion is the well-known side-to-side wig-

gling. It happens via large ventral plates linked to independ-

ent muscle groups, not by shifting ribs, as popularly believed. 

This lateral undulation is used for crossing uneven surfaces. 

A different moving of ventral plates affords rectilinear 

crawling: a slow advance in a straight line; good for sneaky 

attack approaches. 

Concertina locomotion is most often seen in burrowing 

snakes, but other snakes use it for crawling through a tube 

or tight space: the head and front of the body is extended, 

while the back and tail remain curved, providing an anchor 

to the ground or sides of a burrow. Once fully extended, the 

front gains purchase, and draws the tail up. 

Desert snakes employ sidewinding: the front of the body 

makes an arc, then the rest of body moves like a spring. Side-

winding leaves parallel tracks in the sand. 

 Diet  

All snakes are carnivorous, with prey preferences that are 

size-appropriate. Smaller snakes eat smaller prey. Insects 

and earthworms are frequent fare for many slighter snakes, 
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with fish and frogs a popular step up. Eggs are a rich and 

defenseless protein source.  

Many snakes eat other snakes, even their own species 

(cannibalism). Some snakes have special tastes, but many 

are not finicky, eating whatever is alive and available. A few 

snakes will occasionally eat carrion. 

Different species have different feeding strategies. Some 

snakes patrol for prey. Other take advantage of cryptic color-

ation to ambush: remaining still, waiting for prey to come to 

them.  

Some species uses a body part as bait. African twig 

snakes waggle their strangely colored tongues, or sway gen-

tly in low tree branches, imitating chameleons. This poses as 

bait to their prey, which are lizards, frogs, and birds.  

Death adders and moccasins shake their colorful tails to 

lure potential prey. The African vine snake uses its brilliant 

red tongue to attract edible curiosity seekers. 

Some snakes use a venomous bite to kill their prey before 

consuming it. Snake venoms are complex potions which not 

only incapacitate prey but also aid digestion. 

 The Big Squeeze  

Boas squeeze the life out of an impending meal (con-

striction). Squeezing a victim to death takes 7 times the en-

ergy of sitting on a rock enjoying the Sun. While constricting 

the next meal into the afterlife, a boa senses when the prey's 

heart stops beating, and so knows when its work is done.  

This heart-stopping sense was probably an early adapta-

tion. Some ectothermic animals can survive for hours on little 

oxygen. If a boa didn't know its prey's heart had stopped, fak-

ing dead by not breathing might give a would-be victim a last-

chance getaway. 

 

Constriction is an adaptive refinement. Most snakes 

waste no time with killing technique, simply swallowing prey 

while it is still alive. Unable to tear their food into pieces, 

snakes must swallow their meals whole. As such, consump-

tion is such an intense activity that a snake must siesta dur-

ing digestion. 
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The organs of a Burmese python grow 30–100% after eat-

ing, starting within 12 hours, and reaching their maximum 

at 3 days. Metabolic rate becomes 45 times normal, accom-

modated by an enlarged heart and digestive organs.  

At 10 days, when digestion is done, the organs are back 

to between-meal norm. In snakes that feed sporadically, such 

as the python, the entire intestine becomes inactive between 

meals to conserve energy.  

Some snakes can survive long periods without eating. The 

longest recorded interval, jointly held by a green anaconda 

and an African rock python, is 3 years. 

Birds are hard to snag, but a welcome meal when caught. 

Turnabout being fair play, many birds eat snakes.  

The secretary bird famously dances snakes to death. This 

bird walks the grasslands of East Africa with its long legs. 

When it finds a snake, it stomps it until the snake expires. 

Then it eats its footwork. 

 Snake Eaters  

A snake makes a meal for many mammals. Foxes, 

skunks, the European hedgehog, and North American rac-

coons all enjoy snake occasionally. Mongooses are snake-eat-

ing specialists.  

Lizards eat snakes, as do other snakes. Even some spi-

ders eat snakes, the black widow included.  

Aquatic bugs will eat water snakes, as will fish when they 

get the chance; not to mention crocodiles and alligators. Per-

haps being mistaken for a worm, frogs and toads will eat 

small snakes. 

 Tentacled Snakes  

The tentacled snake is a unique 

aquatic snake, endemic to Southeast Asia 

waters. Adults may grow to 60 cm long.  

The tentacled snake has a shtick for 

catching fish. On the sides of its head are 

2 tentacles sensitive to water movement. 

The snake makes a J shape with its body, 
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the head at the tip of the J. It then sits motionless in the wa-

ter.  

A fish swims up, alongside the snake. Using the tentacles 

to detect the fish's progress, the snake twitches its body op-

posite its mouth; a feint that propagates a slight pressure 

wave. The wave startles the fish, who, by instinct, swims the 

other way: right into a trap.  

If the fish is not on a presumed escape trajectory into the 

snake's mouth, the snake anticipates the fish's direction and 

timing, and takes a bite, more often making a meal than a 

water sandwich. The snake snap is not reaction, which would 

be too slow, but instinctual anticipation. 

The snake's sensitive tentacles let it detect and catch fish 

in murky water or at night. 

The tentacled snake fishing technique is innate, not 

learned. The tentacles and the behavior to take advantage of 

them are bundled; a morphological-behavioral nexus of form 

and function. 

Fish have many predators. Their best bet, most of the 

time, is to swim away. The tentacled snake outsmarts a fish's 

natural reflex with its own. 

 Eggs Worth Fighting For  

Territorial defense of an area with valued resources, such 

as food or shelter, is widespread in lizards but not snakes. 

Kukri snakes, which live in tropical Asia, are egg eaters. 

Though not venomous, they have impressive weaponry: mas-

sive teeth that are used to slit eggshells. 

Upon finding a clutch of turtle eggs, a female kukri snake 

may defend it for weeks, until all the eggs are eaten or the 

turtles hatch.  

When threatened, a kukri snake waves its tail toward the 

aggressor. This head-tail mimicry lessens the risk of loss re-

sulting in death. Nonetheless, being bitten in the tail is bad 

news for male kukri snakes, as it risks losing the ability to 

breed: its hemipenes are in the tail. 

Kukri snakes are exemplary of resource defense spurring 

evolution of territoriality. 
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 Defenses  

Most snakes avoid confrontations whenever possible. The 

first overriding impulse of an imperiled snake is to flee.  

Snakes that consider their current cover blown will high-

tail for the next nearest cover. Many snakes do not venture 

far from the relative safety of crevices. 

Crypsis is the ability to avoid detection or observation. 

Various snake crypsis techniques include camouflage, noc-

turnality, and a subterranean lifestyle.  

Snake camouflage by coloration and pattern is well 

known. Many snakes have patterns or lines that pass 

through their eyes, thereby disturbing being able to easily 

discern the outline of their heads.  

Some snakes will freeze when disturbed, in the hope that 

the camouflage works. Other snakes have complex camou-

flage patterns: disruptive coloration that masks movement 

over native terrain, allowing a snake to slither away. Con-

versely, aposematic coloration is the opposite of crypsis: con-

spicuous contrast to surroundings, to act as a warning. 

Predators have a mental picture of their prey. Snakes 

adapt to confound expectation via polymorphism: different 

patterns in snakes of the same population. Hence, various 

snakes of the same breed are banded, spotted, ringed, and/or 

striped.  

Color polymorphism conveys similar advantage. Non-poi-

sonous snake species sometimes mimic their venomous 

brethren. Harmless kingsnakes and milk snakes mimic the 

venomous Texas coral snake.  

Imitation extends beyond coloration. Some harmless 

snakes bluff with mimetic behavior: imitating the intimidat-

ing behavior of the truly dangerous. The nonvenomous and 

naturally nervous Dasypeltis will rub its scales like the ven-

omous viper echis when disturbed.  

The grass snake imitates the hisses and aggressive pos-

tures of a viper. That's often just the warm-up act to other 

feints. 

Arboreal snakes are often gracile. Their long, thin bodies 

are colored to resemble local vegetation. Vine snakes have 
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the habit of irregular swaying, thus mimicking a vine or 

branch in the breeze. 

Patterning can confuse a predator as to a snake's speed: 

longitudinal stripes appear to be in the same place even as a 

snake has started to move away; a predator may think it has 

more time than it does. Traverse bands and saddles can cre-

ate something of an optical illusion in movement, making es-

timation of direction and speed difficult. 

Different snakes have different temperaments, but when 

cornered, snakes typically resort to intimidation. A common 

stratagem is to appear larger, usually in the head and neck.  

The Australian bandy-bandy has a starkly striking black-

and-white banding. Its escape tactic is to raise loops in its 

body, to confuse an onlooker as to its shape and size. 

Numerous snakes can inflate their bod-

ies with air. Cobras can spread the ribs of 

their neck to form a hood.  

Some snakes open their mouths widely, 

exposing a brightly colored interior. The 

darkly colored cottonmouth is named for its 

highly contrasting white mouth.  

Such displays are not mere bluff, but a warning, followed 

by a strike if not heeded. So goes the cottonmouth. 

Although snakes have poor airborne hearing, their pred-

ators don't. So, when threatened, most snakes will hiss, a few 

can rattle their tails, and even fewer rub their scales together 

to make a rasping sound (a few species in Africa and the Mid-

dle East, including the saw-scaled viper). 

Some snakes defensively ball: make a tightly coiled mass, 

protecting the head in the center. Others display the tail as 

the head, while hiding the head in a coil. Some snakes have 

tail markings that make the tail look like a head.  

While many lizards are can lose their tail with little loss, 

caudal autotomy (voluntary tail loss) is practically non-exist-

ent in snakes. Lost snake tails do not regenerate like lizards. 

A snake may escape with a lost tail only once without endan-

gering its life. 

Most snakes have musk glands at the base of their tails. 

The rather unpleasant musk is a hormonal production, let-

ting it leave chemical communication trails. A snake roughly 
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handled might muster a musk defense: excreting a generous 

portion as a deterrent to an attacker. The European grass 

snake is a real stinker, emitting a garlic-smelling fluid from 

its anal glands. 

A very few snakes practice autohaemorrhagy: voluntary 

bleeding (from small blood vessels). Dwarf boas of the West 

Indies, and 3 species in North America, are known to have 

this defense, though how it works is not understood; the pre-

sumption is that it creates an unpleasant taste, prompting a 

predator to drop the little bleeder. 

Only spitting cobras can project their venom. All other 

snakes have to bite. 

 Playing Dead  

Pretending to be dead is something of a strange strategy, 

as many predators are perfectly happy to eat carrion. That 

said, it must work sometimes, because the adaptation 

evolved in several snake species. The hognose snake, African 

rinkhals, Egyptian cobra, and a couple of small western hem-

isphere snakes – the brown snake and the redbelly snake – 

feign death.  

The European grass snake is a notably convincing actor: 

turning over onto its back, opening its mouth, and hanging 

its tongue out. They may also optionally bleed from the nose 

and mouth while playing dead. 

Playing dead is a personal predilection; not all snakes of 

a population perform the ritual. Some individuals won't stoop 

to it. Even among expiration actors, feigning death is a last 

resort, after intimidation and putting a stink on have failed. 

 Snake Venom  

Snake venom is a vastly modified saliva with immobiliz-

ing zootoxins. Comprising from 20 to over 100 different com-

pounds, certain proteins do the dirty work.  

The bite of a pit viper induces hemorrhages in many ani-

mals, but not in the opossums that eat them. Viper venom 

targets a certain blood-clotting protein that is chemically 

modified in opossums to evade the toxin's molecular clutches.  
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Other venomous snake eaters, such as hedgehogs, honey 

badgers, and mongooses, disarm toxins differently, indicat-

ing that anti-venom techniques independently evolved sev-

eral times.  

To ensure efficacy, the toxins of venomous snakes tend to 

evolve rapidly. Cycling predator-prey reciprocal adaptations 

are a common evolutionary dynamic.  

Snake-eating opossums show rapid evolutionary adapta-

tion in the specific amino acids that interact with snake toxin 

proteins, thus keeping snake on the menu. 

 

Squamates (lizards and snakes) share many of the same 

defenses, notably coloration adaptations and behaviors, such 

as playing dead and autohaemorrhaging, including spitting 

blood as a repulsion maneuver. 

 Reproduction  

Snakes often appear indifferent to their kind, but mating 

season brings a different temperament. Almost all snakes 

have courtship behaviors that precede mating. 

A male searches out a receptive female by following her 

scent trail, left by secretions from glands in her tail as she 

moves. All snakes leave a scent trail from a pair of these anal 

glands. 

On approach, a male works his way forward over her body 

with quick, quivering massage movements, while rubbing his 

chin along her back. Boas and pythons use their vestige 

hindlimb claws to caress. The male is constantly flicking his 

tongue in and out, savoring her scent. 

When he reaches the nape of her neck, he maneuvers into 

mating position by looping his body over the lower part of her 

back and entwining his tail about the opening of her cloaca. 

The cloaca is the shared portal for the tail end of the digestive 

tract and the reproductive tract. 

If the female is willing, she responds by raising her tail 

slightly and opening her cloaca. The male everts one of his 

hemipenes and copulates with her.  
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A hemipenis is a male snake's penis, which is usually 

tucked inside the body. Males have a pair of hemipenes. They 

often alternate between the two for successive copulations. 

Mating may be a prolonged affair, lasting hours. In spe-

cies where a female is likely to mate with multiple males, a 

male often extends his copulation time. After sperm transfer, 

he may insert a plug that reduces the likelihood that other 

males can inseminate her. 

In some snake species, females may be surrounded by 

several suitors. The rivals passionately try to mate with her 

while squeezing out the competition. The result is often a 

mass of entwined snakes; a behavior termed balling. 

Aquatic snakes are prone to balling. A breeding ball of 

anacondas may contain 10 or more males, all coiled around a 

single female. They may stay knotted together for up to 4 

weeks. 

Aside from balling, nuptial combat among males is com-

mon in rattlesnakes, vipers, mambas, pythons, and some col-

ubrids.* These are typically bloodless rituals: determinations 

of strength and stamina. One eventually concedes and slith-

ers away. Male adders get so wrapped up in their ritualistic 

combat dance that they may continue even after the rival has 

been replaced with a stick.  

Fertilization does not necessarily occur immediately after 

copulation. A female has control over her fertilization. 

Sperm can survive in the female reproductive tract for a 

considerable duration. Females of some species in captivity, 

having been kept away from males for several years, may 

birth healthy offspring.† 

Snake parental care is generally quite limited. A female 

may guard a clutch of eggs for a few days. Some adaptations 

are more elaborate. The Indian python uses its body heat to 

warm eggs through muscular contractions.  

The king cobra uniquely builds a complex nest, with eggs 

deposited in the center, in a cavity covered with earth, leaves, 

 
* Colubrids comprise the most specious snake family, with over 

2/3rds of all kinds of snakes. 
† Some snakes lay eggs (oviparity), while others give birth to live 

young (viviparity). 
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and grass. A mother king cobra remains nearby, defending 

the eggs from intruders. 

Rattlesnakes stay with their newborn young for a week 

or more; a rare instance in neonatal maternal care in snakes. 

 Cognition  

We have here an instance not only of cunning, but of a very 
excellent memory. ~ American physician Charles Abbott 

Given their descent from lizards, it would be unparalleled 

that snakes are stupider than the animals from which they 

evolved, and inexplicable, given their adaptations to so many 

different environments.  

Lizards were long thought to be relatively thoughtless. 

This turned out to be a gross underestimation.  

The same is probably true of snakes, who more likely than 

not to have quiet title to contemplation. Early humans, 

through sheer observation, may have properly pegged snakes 

are silently smart, keepers of secrets. 

Snakes have an excellent sense of direction and naviga-

tion capability. Their mental spatial maps are detailed. 

Snakes exhibit spatial learning that rivals the abilities of birds 
and rodents. ~ American neurobiologist David Holtzman 

Snakes are presumed to be non-social animals, which 

would make them unique among vertebrates in not having 

group behaviors or territorial inclinations. As much as possi-

ble, snakes live furtive existences, which is how an animal 

with such a mighty mythological presence in human history 

retains its mystique. 

 Snakes & Humans  

Rodents have been a main source of plague since antiq-

uity. Snakes' voluminous consumption of rodents earned ad-

miration from primitive agrarian societies.  

In many ancient societies, snakes were sacred animals. 

Their power to ameliorate the rodent scourge, their magical 

"regeneration" by molting, the ability to enter holes and ac-

cess hidden places, and thus to appear and disappear unpre-

dictably, produced wonderment.  
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Ancestral wisdom was thought to come from the depths 

of mother Earth's bosom, where only snakes seemed to be 

able to reach. Snakes were seen as a repository of that secret 

knowledge. 

Human instinctual fear and awe of snakes has led to an 

outsized fascination: the subject of symbolism and mythol-

ogy, beginning with ancient Egypt, and then in Greece, India, 

Peru, and China, among others.  

The fascination is rewarded. Considering their minimal-

ist form, snakes exhibit an astonishing variety in look, habi-

tat, habits, and behaviors. 

Snakes are prolific. Their reproductive capacity fasci-

nated ancient humans, which is why the Judeo-Christian tra-

dition associates snakes with the sin of lust. 

The snake stood up for evil in the Garden. ~ American poet 

Robert Frost  

Christian mythology has a serpent tempting Eve into the 

sin of eating a forbidden apple, leading God to expel Adam 

and Eve from paradise in the Garden of Eden. According to 

the Bible, man's descent began with corruption, from a 

woman tempted by a snake. 

Snake charming is an ancient tradition, with the earliest 

evidence from ancient Egypt, where practitioners were heal-

ers and magicians. Snake charming as is now known proba-

bly originated in India. Its practice spread throughout 

Southeast Asia, the Middle East, and North Africa.  

Snake charmers typically play a flute to have the snake 

rhythmically weave, having emerged from its basket to be 

charmed. While snakes do have internal ears, the charming 

is not from the sound, but from the flowing movement of the 

flute. 

 Birds  
It is not only fine feathers that make fine birds. ~ Greek fab-

ulist Aesop 

With over 18,000 extant species, birds are the most spe-

ciose class of tetrapods. The living descendants of dinosaurs, 

birds have had ample time to adapt and diversify. Birds live 
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most everywhere that a macroscopic animal 

might. All are feathered, winged, bipedal, en-

dothermic egg layers, with beaks but no teeth. 

Wings are an evolutionary fashion from 

forelimbs. The now extinct moa of New Zea-

land, hunted to extermination by humans, 

was the only known bird without wings. Most 

birds can fly, but a few, including penguins 

and endemic island species, forsook flight. 

Birds have light but strong skeletons, 4-chambered 

hearts, and a high metabolic rate. They range in size from 

the 5 cm, 2 g bee hummingbird to the 2.75 m, 125 kg ostrich. 

 Diet  

Most birds eat other animals. Avivorous birds, such as 

raptors, eat other birds. All birds of prey are carnivorous, as 

are many other birds, including different wading birds, 

shorebirds, and some corvids. 

Seabirds are typically piscivorous: feeding on fish. Peli-

cans, cormorants, loons, and grebes dive to thrive on aquatic 

food. Other piscivores patiently try their luck in lurking to 

pluck, most notably the heron, a wading bird. 

Several shorebirds are molluscivores, foraging in tidal 

flats and swamps. Most are well equipped to deal with the 

shells that mollusks use to protect themselves. 

Snake eating (ophiophagy) is a specialization. Easier fare 

is found by foraging insects: a diet common to several small 

birds, including swifts, swallows, flycatchers, and warblers.  

Most birds enjoy insects, at least as a supplement. Insects 

are often a critical source of protein for growing nestlings. 

Many fledglings are fed insects by their parents even if their 

mature diet will be quite different. 

A few birds are omnivores, the best known being the 

duck. Many birds will sample foods other than their primary 

preference. Variety is often the spice of avian life. 

Herbivorous birds are somewhat atypical. Despite the ap-

pearance of easy pickings, plants are a digestive challenge 

compared to animals. Per weight, plants are less nutritious 

and require more digestive processing. 
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Herbivorous birds often have smaller relatives who are 

carnivores, as it is otherwise hard to get enough nutritional 

energy. Most herbivorous birds feed on seeds (granivory), the 

most nutritious plant food. Game birds (e.g., turkeys, quail, 

geese, dove), sparrows, and finches are granivorous. Most 

have specialized bills to crack the specific shells of favored 

fare. Many granivores, such as peafowl, turkeys, and chicken, 

have muscular gizzards, which they may pack with stones. 

This lets them swallow seeds whole and crush them within: 

an internal digestive mill. 

A few birds are into the sweet stuff: nectar, sometimes 

with a pollen pick-me-up (palynivory). Hummingbirds are 

the best known nectivores, though sunbirds, honeycreepers, 

orioles, and the bananaquit are also nectar lovers. The bana-

naquit, native to the Caribbean islands, Central and South 

America, is so brazen that it will fly into open windows of 

homes to steal sugar; hence earning the nickname sugar bird. 

Fruit is a fine food, but often seasonal; though tropical 

forests may bear fruit year-round. When fruit does turn up, 

it tends to be profusely abundant. 

Orangutans are the largest committed fruit eaters (fru-

givores). Abundance is no problem for an animal of such 

girth. Orangutans tend to dine alone or in small family 

groups. 

By contrast, most small fruit eaters – monkeys and most 

fruit-eating birds – forage in groups. That improves the odds 

of finding fruit, which, when found, there is often enough to 

go around. This communal strategy is used by other birds fac-

ing hard-to-find feasts, including turkeys and vultures. 

 Hornbills  

The sociality engendered by foraging often 

spills over in other facets of life. Hornbills are 

fruit eaters and have gregarious lifestyles. 

Ground hornbills are not fruit lovers. They 

are instead formidable predators, with a beak 

like an icepick. This hornbill can hack its way 

into a tortoise. 
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Ground hornbills probably descended from frugivores. 

Their sociality took a turn with their diet. As predators, they 

hunt in packs, usually family groups.  

Some ground hornbills in a hunting pack act as chasers. 

Others lurk, acting as beaters to scare the prey on, until it 

runs into the one that takes it down. 

 Songbird Patience  

Small songbirds lose up to 10% of their body weight over-

night, so they must eat well every day. There is a trade-off. 

Weight gain slows them down, leaving them vulnerable to 

predators. So, every morning, birds leave their nests and 

scout for food, assessing the location and quality of fare with-

out eating.  

By fasting in the morning, a bird remains nimble enough 

to dodge predators during daylight hours. As afternoon wears 

on, birds return to eat, already knowing the best places to 

dine.  

 

Cellulose, the fiber of leaves, is pure carbohydrate, but 

hard to digest. Small endotherms can't pack in enough cellu-

lose and microbes to fuel their high metabolic rate. Termites 

triumph in that trick by not having to keep themselves warm. 

A bird must be at least as a big as a grouse to have a go 

at being a folivore. Ostriches, with a huge body and relatively 

low metabolic rate, forage on vegetarian fare; though an os-

trich enjoys the odd animal bite when the opportunity arises. 

Ostriches often graze side by side with zebra. The two 

might seem to be eating from the same menu, but their selec-

tions are different. 

While zebras chew away at ground roughage, ostriches 

selectively nip buds and succulent shoots; the 

most nutritious portions. Thus, these foragers 

are no competition to each other. 

The hoatzin is a pheasant-sized tropical 

South American bird with a large spiky crest; 

looking like an unkempt chicken that lives off 

the leaves of forest trees. While an ostrich fer-

ments its cellulose in a cecum, like a horse, the 
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hoatzin has a rumen: the only such bird. Foregut digesters 

are prone to belch microbe-generated methane (from diges-

tive methanogens), as does a hoatzin. Hence hoatzin smell 

like cows. 

 

Like forest fruit, many plants on the plains only grow 

when it rains. This turns many dry-land plant eaters into op-

portunistic nomads. 

African queleas, a small weaver bird, move in vast flocks, 

following the rains. A single colony may be tens of thousands 

to millions of pairs of birds. Humans consider queleas a pest, 

and so have tried to eradicate them with poisons, napalm, 

and pathogens, but have gotten the best results by dynamit-

ing the dense colonies.  

Quails in Africa and Asia forage likewise, though not in 

such prodigious numbers, nor to such human annoyance and 

mass murder. 

 Emus  

Like ostriches, Australian emus live in 

dry open spaces, foraging on the tastiest 

parts of plants, along with small-animal sup-

plement, chiefly insects.  

Plentiful pickings are found only after rainfall. They 

gorge on abundant food, fattening up to 45 kilos, as well as 

drinking their fill. When the food runs out, emus trek in 

search of rain. 

Emus can travel long distances at a fast, economical trot: 

with strides up to 275 centimeters, at up to speeds of 50 km/h 

(kilometers per hour) if necessary, though typically hiking at 

a steady 7 km/h for hundreds of kilometers at a stretch. Emu 

legs are among the strongest of any animal. 

A trek is metabolically expensive. An emu may lose half 

its weight, down to 20 kg, from one feast to the next. 

Emus have a good sense of smell, fine hearing, and excel-

lent eyesight. Like vultures, they go toward clouds. Emus es-

pecially trek toward thunder, in hopes of green grazing. 

When food is plentiful, emus are none too social. They 

avoid each other. But once on the hunt, emus hike in great 
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herds. As they meet, in traveling from one region to the next, 

new recruits join. 70,000 birds may march together to the 

next feast. Once at the feeding grounds, emus disperse until 

the next trek. 

Australian farmers have all the regard for emus that the 

ancient Egyptians had for locusts. They try to thwart a trek 

by putting up long (up to 1,000 km) fences. Similar fences are 

built to keep out kangaroos and rabbits. 

 

Plants resist being eaten by stuffing their otherwise tasty 

bits with toxins. Some animals overcome that by harboring 

microbes which can cope with the toxins, as well as having a 

well-equipped liver. 

Hoatzin eat leaves that are toxic to others, though limit-

ing their exposure via variety. So too the wood grouse, the 

largest of the grouse family, which subsists mostly on pine 

needles, which are highly fibrous and resinous. 

Fruit-bearing plants evolved to favor animals that are 

good seed dispersers. Monkeys tend to pillage, stripping trees 

of fruit, then eating in situ; very little dispersal. 

Birds are better dispersers. Macaws eat a variety of fruits 

and succulent plant parts, many of which have toxins. Ma-

caws compensate by eating a specific clay off cliffs which suf-

ficiently neutralizes the toxins. 

African turacos forage for fruit in bands of up 

to a dozen. These excellent seed dispersers can 

eat berries that are positively toxic to other spe-

cies. 80% of the eaten seeds pass through, unen-

cumbered from future growth prospects. Thus, 

the berry bearers ensure that turacos alone feed on their 

fruit. 

Turacos are also unusual in feeding their infant chicks 

fruit, although infant diets are supplemented with tasty in-

vertebrates, including snails. 

Plants that seek the help of pollinators provide protein-

rich pollen in return for spreading it around. It's a start. But 

bribing butterflies, bees, birds, and bats necessitates nectar, 

a rich sugar solution produced for no other purpose. 
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 Hummingbirds  

Most nectar feeders are passerines, but 

a few are not, including the most famous: 

hummingbirds. Nectar, the mainstay of the 

hummingbird diet, is topped off with pro-

tein from pollen and tiny invertebrates, 

typically caught on the fly. 

Using extraordinary long tongues tucked into a long slen-

der beak for protection, a hummingbird plumbs the depths of 

deep-tubed flowers; typically, 1,000–2,000 flowers per day. 

To procure flower nectar, a hummingbird tongue curls 

into a sealed cylinder, owing to surface tension. Nectar is 

drawn upwards, filling the drinking-straw-like cylinder.  

The hummingbird withdraws its tongue, scrapes it clean, 

and swallows. This extraction process is repeated 20 times a 

second as a hummingbird feeds. 

A hummingbird defends its flower patch as if its life de-

pends upon it, which it does. Hummingbirds and their spe-

cialist flowers are a lovely example of coevolution. 

Hummingbirds have an optimal fuel-use strategy that powers 
their high-energy lifestyle, maximizes fat storage, and minimizes 
unnecessary weight gain, all at the same time. ~ American zo-
ologist Kenneth Welch 

Hummingbird metabolism is marvel of evolutionary engi-

neering. Hummingbirds are the only vertebrate that can use 

fructose, as well as glucose, to power themselves. For other 

animals, fructose metabolism is inefficient. 

Consuming so much sugar in solution requires relatively 

prodigious quantities of water: up to 160% of body mass each 

day. Water presents a challenge to almost all birds. Most 

birds need to keep their weight down, and so cannot afford to 

take on too much water. Hummingbirds are rare in sucking 

a surfeit of it. Whereas most birds conscientiously conserve 

water, hummingbirds evolved to get rid of it. Hummingbird 

kidneys are adapted to produce very dilute urine, which they 

spray as they go. 

Finding watering spots can be non-trivial to life on the 

wing. Some avian lives are built around the need to drink. 
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The feeding and watering of chicks certainly shapes the life-

style of all birds that care for their young. 

Passerine nectar feeders generally perch alongside the 

flowers they feed upon by gripping the stem with their strong 

feet. Contrastingly, hummingbirds hover. More controlled 

then even kestrels or terns, hummingbirds are among the fin-

est hoverers. Like dragonflies, hummingbird wings move 

horizontally in figure-8 form.  

A slight twitch in pitch moves a hummingbird in any de-

sired direction. Flight feathers move and change wing area 

as they are flapping to effect optimal efficiency.  

Hummingbirds are the only bird that can fly backward. 

They can do so nearly as efficiently as flying forward, albeit 

no faster than 16 km/hr. Hummingbirds can even fly upside 

down. 

The smaller the bird, the faster the flap. The 18–24 gram 

(21.5 cm) giant hummingbird flaps its wings at 10 to 15 beats 

per second. The 2–6 g (7–9 cm) ruby-throated hummingbird 

can clock up to 200 beats per second, though its fleetest flying 

is reserved for courtship displays. 

Hovering requires prodigious power. Hummingbird flight 

muscles account for over 30% of body mass, which is a not-

too-significant step up from an average bird.  

Hummingbird flight muscles are attached to a long ster-

num which is deeply keeled, supported by 8 pairs of ribs; 2 

more than most birds, to better distribute torsional stress. 

Special shoulder joints allow all-around movement. Very few 

animals, primates excepted, can move their forelimbs with 

such versatility. 

A key facet of hummingbird strength is the wing aspect 

ratio. During a down stroke, wings with a larger aspect ratio 

use significantly less power than wings with smaller aspect 

ratios.  

Hummingbirds have a length-to-width aspect ratio of 3.5 

to 4.0 – able to deliver the most power economically, and op-

timal in the trade-offs between power, energy consumption, 

sustained flight, and flight versatility.  

Hummingbird flight is an engineering marvel. As a hum-

mingbird pulls its wings forward and down, tiny wind vorti-

ces form over the leading and trailing edges of the wings. 
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These vortices then merge into a single large vortex, forming 

a low-pressure area that provides lift. Hummingbirds further 

enhance lift by pitching their wings upward as they flap. 

Large birds generate all of their lift on the downstroke. 

They pull their wings in toward their bodies to reduce the 

drag they produce while flapping upward. 

Hummingbirds uniquely generate lift on the upstroke by 

inverting their wings. As the leading edge begins moving 

backward, the wing rotates so that the top of the wing be-

comes the bottom and the bottom becomes the top. This al-

lows the wing to form a leading-edge vortex as it moves 

backward, generating lift. 

The upstroke produces 30% as much lift as the down-

stroke. But the upstroke takes only 30% as much energy, 

making the upstroke as aerodynamically efficient as the 

more powerful downstroke. 

Like hummingbirds, flying insects – dragonflies, house-

flies, and mosquitoes – can hover, dart forward, backward, 

and side-to-side. Despite structural differences in their 

wings, both similarly power their flight using vortices to op-

timize efficiency. 

Hummingbird flight is more like that of insects than 

other birds. Both flying insects and hummingbirds can pro-

duce positive lift on both the downstroke and upstroke. The 

parallels of hummingbird and insect flight exmplify conver-

gent evolution.  

Convergent evolution is the independent evolution of sim-

ilar traits in unrelated organisms. Convergent evolution il-

lustrates a natural path of adaptive solutions given various 

trade-offs in biomechanics or biochemistry. 

Powering hummingbird flight muscles at pace means 

maximal metabolism, the highest of any vertebrate: 400 

times that of a human (energy per body weight).  

Respiration is commensurate. Hummingbird oxygen 

throughput is the highest of any vertebrate: twice that of 

shrews, the smallest mammal. A hummingbird at rest takes 

300 breaths per minute; 500 in flight. 

In addition to lungs, all modern birds have supplemen-

tary air sacs. Hummingbirds have 9 such sacs. 
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The tiny birds' energy expenditure produces prodigious 

heat. Hummingbirds do not waste energy keeping them-

selves warm when not exerting themselves feeding. Instead, 

they can enter a state of torpor; an adaptive trick highly un-

usual among birds. Body temperature drops to that of sur-

roundings. Hummingbirds at high latitudes tend to torpor 

during cool nights, saving ~60% of their energy in that state.  

There is a downside to the economy of torpor. Torpid ani-

mals are easy prey. 

 Senses  

Despite having beaks, many birds have a fine sense of 

smell. Honeyguides are led by the nose in finding bee hives. 

Vultures detect rotting carrion from the air with their well-

honed sense of smell. 

So too the avian sense of taste, which is adapted to eating 

habits. Hummingbirds can taste the sugar concentration in 

nectar. 

Bird sight and hearing are typically quite acute. Such 

sensory acuity also highlights that the pace of avian exist-

ence is many times that of longer-lived and slower animals 

such as humans. 

 Sight  

Birds are super visual. They have excellent color vision and 
good visual acuity. ~ American ethologist Tricia Rubi 

Flight is mentally demanding. There is a continual flood 

of visual information that comes in during flight, integrated 

into a memory-based mapping system. 

The mental processing demands of flight are heightened 

by the fact that birds have excellent eyesight. This is partly 

achieved by exceptionally large eyes. A bird's eye may be 

larger than a much bigger mammal. A 200-gram owl has a 

larger set of peepers than a 100-kg human.  

The eye of the ostrich is the largest of any terrestrial ver-

tebrate. It approaches the upper limit of optical effectiveness 

in a biological structure. 
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Predatory birds generally have relatively larger eyes than 

other birds. Because a larger eye offers better resolution, a 

hawk can see a sparrow at a much greater 

distance than a sparrow can see another 

bird its own size. 

How a bird sees depends on the posi-

tion of its eyes and the shape of its head. 

Barn owls have flat faces and forward-

looking eyes, yielding very wide binocular 

vision. By contrast, seabirds such as 

terns, and most passerines, have a narrow 

field of binocular vision, but impressively 

wide peripheral vision. Other birds, such 

as parrots, with eyes toward the front of 

round heads, have both broad binocular 

vision and wide peripheral vision. 

The fovea is the portion of the eye with 

sharpest vision, as it has the highest con-

centration of photoreceptors. Most ani-

mals, including humans, have a single 

fovea in each eye.  

Falcons and other birds of prey have 2 foveae per eye, af-

fording greater visual acuity. Hummingbirds – who hunt 

flowers – move so fast that they too have 2 foveae, to match 

their bodily speed with vision ability. 

1 fovea, as with other animals, provides good eyesight up 

close. The 2nd fovea acts as a telephoto lens, providing excel-

lent distance vision. 

Bird fovea are adapted to their lifestyle. Many seabirds 

have fovea that help detect horizons. 

Bird eyes have a structure that other animals lack: a pec-

ten oculi. This comb-like pecten sticks out like a large finger 

from the rear of the eye. 

While the pecten oculi appears as if it would obstruct vi-

sion, it is cunningly positioned over the eye's blind spot. The 

pecten is a blood vessel complex that provides extra nourish-

ment to the eye, as well as helping protect it from damage 

from ultraviolet light. 

Color is important in recognizing things, but it does not 

help nearly as much in flight or landing as edge detection. 

Barn Owl 

Tern 

Binocular vision 

Peripheral vision 
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Quickly detecting contrasting edges is crucial to all animal 

navigation, but particularly so for fliers, and especially in 

low-light conditions. 

Birds can see red, green, blue, and ultraviolet. Their crit-

ical edge-detection acumen is color-blind, which means it 

works well under any lighted condition.  

 Hearing  

Like many reptiles and dinosaurs, birds have no external 

ears: only a narrow opening leading to the inner ear. Yet 

avian sense of hearing is typically keen. 

Bird skulls act to conduct and transform sound in ways 

that afford highly accurate hearing from any direction. It is 

an intricate evolutionary adaptation. 

Leaving off ears allows better sight. Eye placement on the 

side of the head gives birds a wide field of vision. 

Some birds of prey, such as owls, have a different ar-

rangement of eyes and ears which afford specialized capabil-

ities. Diving birds have strong protective feathers to shield 

their ears from the water. During deep dives, they close the 

outer ear by folding the enlarged rim of their external ear. 

Humans perceive sounds via relative pitch. This lets us 

hear a tune in one octave and recognize it played in a differ-

ent octave.  

Birds cannot do this. Birds hear in absolute pitch. Birds 

do recognize timbre: a fundamental note combined with har-

monies. 

Birds can hear much shorter notes than humans. A hu-

man can hear a sound 1/20th of a second long. Birds can dis-

criminate a sound up to 1/200th of a second. What we hear as 

a single note may be 10 separate notes to a bird. 

Many birds have a hearing range comparable to humans. 

The greatest sensitivity is typically between 2,000–4,000 

hertz. Some birds have much more perceptive hearing. 

 Owls  

Owls are sensitive to whisper-soft sounds, thanks to a 

profusion of hair cells in their exceptionally large cochlea (in-

ner ear cavity).  
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Further, the flattened and pie-shaped 

faces of owls serve as a sound-gathering 

disk, passing percussion to the ears via 

stiff, specialized features on the disk's cir-

cumference. 

Owls also have asymmetrical ears. One ear is lower on 

the skull than the other, which means that sounds from a 

lone source reach the ears at slightly different times. This 

gives an owl the equivalent of binocular hearing, allowing 

them to pinpoint the source of a sound with tremendous po-

sitional accuracy. 

So much of the lateral real estate of an owl's skull is taken 

up by its ears, with frontal sculpting to optimize sound recep-

tion, that the only place left to position eyes is the middle of 

its face. Despite that, owls have surprising peripheral vision. 

 Seasonal Changes  

Living in temperate zones means significant seasonal 

changes. Food becomes scarce in winter. 

Ideally, an animal's energy consumption would fluctuate 

to meet its needs and accommodate food availability by econ-

omizing during lean times. Birds do. Regulated by hormones, 

avian internal organs undergo enormous seasonal changes.  

Male gonads shrink outside of mating season. During the 

winter, a male sparrow's testes are no bigger than a pinhead. 

By the time breeding season is upon him, the sparrow's testes 

have swelled to the size of a baked bean. 

Similar seasonal changes happen to females. An oviduct 

is a mere thread of tissue in winter. By the breeding season, 

an oviduct has become a massively muscular egg-delivery 

tube. 

Temperate birds sing in the spring, defending territory 

and wooing a mate. The hearing ability of songbirds is at its 

best when song is most important. 

Humans also have regulated changes in hearing ability; 

or, at least, females do. When estrogen levels are high, a 

woman is fertile. During this time, a man's voice sounds 

richer, even though most women are unaware of the subtle 

change. 
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The brain is an expensive organ to run. The human brain 

consumes 10 times the energy of other organs. So too with 

birds. Their brains economize and enlarge along with sensory 

needs, which have a seasonal aspect. 

 Brains & Intelligence  

There's been a bias against birds because they have small 
brains. ~ American cognitive zoologist Thomas Zentall 

Avian brains are uniquely organized: quite different from 

simians, who have an extensive cerebral cortex.* 

The intelligence system of birds evolved early in their de-

scent, in anticipation of taking wing. Requirements for high-

speed vision processing and muscular coordination for flight 

drove avian evolution. The bird brain is an artifact of those 

demands. 

Proprioception in birds is superlative. The ability to 

quickly fly amid trees and in tightly woven flocks requires an 

exquisite sense of instant body width. 

Birds do not have a cerebral cortex. Instead, an avian 

brain has a hyperpallium. The hyperpallium is cladistically 

new in birds. 

Cladistics classifies species into groups (clades) based 

upon evolutionary lineage. In other words, cladistics defines 

branches of descent in the tree of life. 

Birds have been evolving on a separate tract from mam-

mals for 300 million years. Despite the extensive structural 

distinctions between bird and mammalian brains, the work-

ing of avian and mammal minds is selfsame. Avian long-term 

memory and problem-solving is equivalent or superior to 

mammals.  

Bird brains show how intelligent behavior is produced with a 

different anatomy. ~ German neurobiologist Lena Veit 

 
* The radically different structure of avian brains from mammals 

illustrates both convergent evolution and that brains are merely 

a physical facsimile for intelligence, which is functionally housed 

in the immaterial mind. The body is ultimately an energetic con-

struct. 
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As birds share a close evolutionary heritage with dino-

saurs, their brain structure and intelligence are likely to be 

similar. To this the fossil record leaves many questions. 

 Chickens  

The common chicken is a subspecies of the 

Red Junglefowl, which was domesticated 5,000 

years ago in Asia, then taken around the world 

for its eggs and meat.  

With a global population of over 19 billion, 

chickens are the most abundant domestic ani-

mal. Chickens being a commodity has abetted a human bias: 

thinking that chickens are stupid. Such is the typical acumen 

of the human Collective. 

Chicken intelligence, self-control, social sophistication, 

communication, and math skills are on par with primates. 

Self-control is typically not evident in human children until 

they are at least 4 years old. Nuanced communication skills 

comparable to chickens comes even later to youngsters. 

As with most, if not all organisms, chickens have distinct 

personalities. A mother hen has her own personal maternal 

behaviors which affect her chicks' upbringing. 

Chickens have a large repertoire of visual displays, and 

at least 2 dozen distinct vocalizations. Chickens use sounds 

and gestures to convey their interpretations of situations and 

state their intentions. 

Males and females have their own social hierarchies, 

which are self-enforced without a fuss (the so-called pecking 

order). A chicken knows its place in the social order, and po-

litely defers accordingly.  

Further, a chicken can determine the status of an un-

known individual by its interactions with a chicken of known 

social status. A chicken will thereupon treat the stranger ap-

propriately (dominantly or submissively) in its own future in-

teractions. This reasoning faculty is termed transitive 

inference. 

Dominance is roughly related to size, but top-rung birds 

are seasoned and wily. As with other such social animals, 

cliques are common. 
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In a flock, there is an alpha rooster with mating rights. 

He happily crows about his prowess. 

Finding a mouth-watering morsel that might attract a 

mate, an alpha rooster will make a dock-dock sound to draw 

attention, then perform a tidbitting display: rapidly twitch-

ing his head side-to-side, bobbing it up and down, then re-

peatedly picking up and dropping food to signal a female that 

he has something tasty for her. 

In looking after their own self-interest, chickens can be 

positively devious. A subordinate rooster on the make might 

lure a hen for an affair by first seeing that he has her looking 

his way, then performing the tidbitting display, but quietly, 

so as not to draw the dominant rooster and suffer repercus-

sions. 

A chicken takes account of its past experiences and 

knowledge in making decisions. Chickens can solve complex 

problems, using deductive reasoning which human children 

only develop around the age of 7 years. Chickens empathize 

with individuals in danger, indicating theory of mind. 

Chickens consider before they act. A rooster that sees a 

threat overhead, such as a hawk, might let a female nearby 

know, but will keep mum if the threat is to a rival male. Or 

the rooster may call out if he is concealed and his rival is in 

the open. 

A female is equally selective. She may raise an alarm only 

if she has chicks in her care. 

 

What cannot be disputed is that birds are certainly not 

birdbrained in the colloquial sense.  Their cognitive abilities 

are comparable to mammals, including capacity for complex 

social reasoning. 

Not only do birds learn rules well and have brains that would 
be considered quite respectable in size in a mammal, but they 
have been reported to make and use tools and to develop rather 
resourceful strategies for solving problems. ~ American biolo-
gist William Hodos 
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 Sociality  

Birds become gregarious when flocking increases their 
chances of survival and facilitates foraging and breeding. The 
advantage of group living includes early warning of predators, 
more effective group defense, enhanced ability to find mates 
and increased foraging efficiency. The old adage that there is 
"safety in numbers" is particularly true for birds. ~ American 
ethologist Joanna Burger 

Bird sociality ranges from mostly solitary to highly gre-

garious. Even those given to solitude have social relations, 

even if limited to pair bonding and territorial interactions. 

Tinamous, loons, and some hawks and eagles mostly op-

erate alone or in pairs. Conversely, grackles and blackbirds, 

herons and egrets, ducks and geese, and gulls and terns, do 

most everything in groups.  

Even within a species there are variations in social be-

havior patterns. Gray and great blue herons, which typically 

nest in solitary pairs, may also inhabit nesting colonies of 

thousands. 

In the outback of Australia live chestnut-crowned bab-

blers who live in groups. Most members help take care of 

young chicks despite not being parents themselves. Some 

babblers are diligent, while others do little. The industrious 

ones tend to be caring for brothers and sisters, while the lazy 

babblers have more distant relatives as charges, if the hatch-

lings are related at all. 

 Finch Society  

Socialization plays a major role in the life 

of many birds. Male zebra finches that neglect 

fraternizing with females during adolescence 

are less successful at courtship as adults. Such 

shy, rejected birds are not total losers. They 

simply court less attractive females. Conversely, socially 

adroit finches score preferable mates even when they are not 

physically attractive.  
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Female house finches prefer males with the reddest 

feathers. Dull-colored males know they are at a disad-

vantage. They compensate by being gregarious before mating 

season. The duller a male, the more likely he is to engage 

with multiple social groups. 

Birds in a social group flock and forage together. Any bird 

can choose to associate with multiple flocks. 

Females have limited options to choose from and this is a way 
for males to manipulate their chances to find mates, by placing 
themselves in certain settings. ~ American evolutionary biolo-
gist Kevin Oh 

 Communication  

A bird doesn't sing because it has an answer, it sings because 
it has a song. ~ American author Maya Angelou 

There are only so many ways to get something done, and, 

by the evolutionary equivalent of Occam's razor, efficiencies 

often dictate adaptation. Nature's fondness for diversity is 

matched by its affinity for economy. For example, while bird 

brains and human brains have considerable structural differ-

ences, both use grammar in communication construction in a 

selfsame way. 

Birds communicate in a wide variety of ways. At close 

range, gestures and ritualistic dance are employed. 

Earshot has a much wider range than line of sight. Bird 

sounds are of every sort. Feathers drumming, wings flapping, 

or beaks hammering are non-vocal ways to make a point, 

whether staking a territorial claim, acting with alarm, or 

wooing a potential mate. 

Vocalizations are extensively employed. Altogether a pro-

fuse variety emanate from different avian species. Clicks, 

quacks, insect-like buzzes, warbles, whirrs, chirps, and drum 

solos are a few techniques.  

Bird calls are a common coin of communication. Several 

passerines species are capable of something more: song. A 

few birds are capable of breathtaking sonic beauty. To a bird, 

song means much more than notes soaring through the air. 
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 Songs and Such  

All birds vocalize using their syrinx, which is a specialized 

organ only birds possess. Many avian vocalizations are in-

nate, others learned, depending upon species. In this, birds 

are no different than mammals. 

Birds that depend on stealth to stay safe need to be able 

to signal their chicks to stay still. Such birds all have a call 

that instantly immobilizes fledglings, which keep quiet until 

they hear an all-clear signal. 

Young cuckoos, reared in the nests of other species, never 

hear the songs of their parents while growing up. Once they 

reach adulthood, cuckoos express a lingo they innately know. 

A few birds, such as mute swans and turkey vultures, can 

only hiss and grunt. Others have an unmatched sonic virtu-

osity. Many birds surpass simians as communicators, pos-

sessing vocal abilities far superior to those of humans. 

Parrots, hummingbirds, bowerbirds, and many songbirds 

have an uncanny talent for vocal learning: hearing a sound 

once, then reproducing it. 

Avian physiological responses when listening to their 

songs are selfsame to how people respond to music, indicating 

that song is a similar emotional experience for both. 

Only a small proportion of birds sing at all; many fewer 

with virtuosity, at least to human ears. It may be that many 

more appreciate music. Parrots are known to dance to ditties.  

Woodpeckers aren't much in the vocals department, but 

some create rhythmic jazz by striking hollow trees to create 

rich staccato calls. They have even learned to amplify their 

output by drumming on TV antennas or other metal pipes. 

A singing bird is making a statement of its life energy: 

that it is strong, healthy, and has territory to proclaim. An 

individual's song complexity and repertoire as an adult re-

flects its early development, as well as its mental and physi-

cal prowess. 

Bird song is an honest communication. Hence, song 

serves well as a surrogate for more physical displays, espe-

cially fighting, which would be considerably riskier and tax-

ing than singing to make a point. 
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As song is often a competitive exercise, males are the vo-

calists of most songbirds. Testosterone stimulates singing. 

Birdsong variability reflects the balances of functions 

which songs serve in species: declaring territory, repelling ri-

vals, attracting a mate, and so on.  

Songs and calls are also used for social cohesion. North-

ern mallard ducks call at nightfall, to gather together before 

departing from a foraging location.  

Many bird species sing to attract others to a rich feeding 

site; a practice not unlike the honeybee waggle dance in in-

tent, albeit simpler in information content. 

Resident tropical birds have a low turnover, so territorial 

boundaries tend to be stable. Intrusions into declared prop-

erties for sneaky copulations are rare. Singing rates in these 

tropical birds are relatively low. 

For temperate-zone birds, much of a male songbird's day 

may be spent singing. A song sparrow sleeps 9 hours, sings 9 

hours, and spends the other 6 hours eating and in other pur-

suits. A Red-eyed vireo may sing 20,000 songs in a day. An 

adult tropical manakin may spend over 80% of its waking 

hours singing. A typical migratory songbird, such as the 

hooded warbler, may sing 30–40% of its day, clocking well 

over a hundred ditties per hour. 

In 71% of songbird species, females also sing, including 

the red-winged blackbird, Northern cardinal, black-headed 

grosbeak, and many tropical birds. Some female tropical 

bush-shrikes and barbets regularly engage in synchronized 

duets with considerable style. Singing is fun as well as in-

formative. 

The female of the common ancestor to birds sang, but fe-

male singing has been lost in several songbird lineages, for 

reasons unknown. 

Like males, female song is typically not of welcoming cor-

diality. In species where a male has multiple mates living in 

his territory, a resident female benefits from singing by dis-

couraging other females to settle there, as resources would 

have to be shared. 

The bluethroat is exemplary. Males arrive in spring, be-

fore females. Complex songs and different displays carve ter-

ritory and attract mates. A male may be polygynous and 



 Animals  553 
 

attract 2 or more females to nest on his property. Female 

bluethroats are generally secretive during breeding season, 

but if they spot another female looking to nest, they will come 

out to confront the newcomer with songs of dissuasion. 

D'Arnaud's barbet, an African bird, is something of a cho-

ral species, led by duetting. These birds live in groups of 3 to 

6. There are a dominant male and female. 

Throughout the year, though more often during breeding 

season, the dominant pair practice vocal interplay, with in-

creasingly synchronized precision as time goes on. The male 

starts it off with a passage, then the female follows with her 

bit, and so on for several minutes of song. Other group mem-

bers sporadically join in with accent chirps.  

Sometimes a secondary male and female may duet out of 

earshot of the dominant pair, but competition is not toler-

ated. Singing serves for bonding, as well as expression of 

dominance and territorial claim. Determined secondaries 

strike out on their own. 

While singing is intrinsic to many songbirds' lifestyles, 

singing is also purposeful in its expression, as shown by the 

fact that song production decreases following breeding. The 

prairie warbler doesn't quit singing with offspring on the 

way, but he does cut back considerably.  

The sedge warbler exhibits impressive virtuosity during 

courtship, with long and complicated songs; no two ever 

alike. The more complex the song, the better the odds of mat-

ing. Once mated, a male sedge warbler retires his musical 

muse, forsaking singing entirely. 

Not only does song put a shine on a male's attractiveness; 

in some species, it stimulates female reproductivity. Female 

canaries wooed by masterful vocalists build their nests more 

quickly and lay more eggs than those mated to a singer with 

a smaller song repertoire. The female ring dove actually 

needs to hear her mate coo for her to produce eggs. 

Birdsongs have a syntax which birds learn by listening to 

others. Even relatively simple tweets are syntactically re-

plete. For example, while Bengal finches respond to play-

backs of native communiqués, remixes that scramble syntax 

are not acknowledged. 
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The sophistication of birdsongs varies widely among spe-

cies. Some bird songs are completely unlearned. Such birds 

are born with innate tunes. Doves and pigeons are exem-

plary.  

The chipping sparrow has 1 song that it repeats over and 

over. In contrast, its cousin, the song sparrow, may have 

1,000 variations for its 20 songs.  

Song sparrow vocal stylings employ rhythm, pitch, and 

timbre to shape a song. Unlike thrushes, which rapidly rotate 

through their repertoire, song sparrows repeat songs, mining 

the groove of a tune with variations. 

Many passerine birdsongs are developed constructions 

from an elaborate learning process: a process that must be 

rewarding to the singer. Finches have relatively simple songs 

compared to thrushes, which sing songs of great complexity 

and beauty: compositions of various elements strung together 

that may last for several minutes. 

Most birdsongs demonstrate an interleaving of inherited 

and learned components. The frameworks, shown by simple 

songs, are largely inherited. Learned elements comes from 

peers, riffs from other bird species, and even non-avian 

sounds from the environment. 

Young singers don't simply learn their songs by imitating 

adults. They get feedback by watching their mothers' reac-

tions to their immature songs. As with human babies learn-

ing to talk, avian mothers steer their offsprings' song 

development. 

A mother guides her baby's song toward her favorite version. 
There's nothing imitative about it. ~ American psychologist Sa-
mantha Carouso-Peck 

 Mockingbirds  

Mimus polyglottos is Latin for "many-tongued mimic." 

That apt label applies to the mockingbird: a plain-looking 

bird with extraordinary vocal talent.  

In between its own compositions, a mockingbird will 

throw in replications of others; dozens in a day. Mockingbirds 

not only sing the songs of other birds, they also blend in the 
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sonics of insects and amphibians: anything that catches their 

ear as catchy. 

Mimicry is not most of a mocking-

bird song. Only 5–18% is imitative. The 

rest is original. 

Mockingbirds have been heard to 

sing 200 different songs, though they 

cannot cover the jazz of song sparrows. 

Such prolific verbosity gives a vigorous 

defense of territory, as well as advertis-

ing a studliness in song that a female 

might appreciate in a mate. 

Mockingbirds are perceptive in 

more than just song. They quickly learn exactly what in their 

environment poses a threat. 

Mockingbirds have a keen awareness of different levels of 
threat posed by individuals of another species. ~ American 
evolutionary ecologist Douglas Levey et al 

 

Some birds earliest singing shows a much wider reper-

toire of elements than they will ever display again, once their 

song style has developed. Similarly, human infants begin 

babbling with utterances that incorporate sounds used in 

every human language.  

As language is learned, only those sounds employed in the 

spoken tongue(s) are retained. Other sounds disappear.  

The mental versatility that accompanies bi- or multilin-

gual learning in children is accomplished by having to re-

member and handle a greater combinatorial variety of 

sounds mapped to lingual meaning. 

The songs of swamp sparrows crystalize similarly: taking 

on the dialect of the local area. Young birds begin with sub-

songs that sample the whole range of the species' repertoire. 

Taking their cues from nearby adults, the elements are pared 

to fit the local dialect. 

Variation is also a byproduct of habitat. Songbirds that 

live with fluctuating weather tend to be more flexible singers. 

Versatility in volume, pitch, and tempo facilitate adjusting 
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for local conditions, to best get the song across to its potential 

audience. 

Sound transmits differently through diverse types of veg-

etation. Further, the fullness of vegetation varies with pre-

cipitation.  

When birds first arrive at their breeding grounds in the 

spring, the trees bear few leaves. Within weeks, as the leaves 

come in, fed by spring rains, sound transmission changes dra-

matically. Songbirds adjust accordingly. 

 Singing in the City  

Urban birds must deal with the din that pervades human 

habitats. Even the suburbs raise a racket.  

Birds change their songs so that their notes are not 

masked by human noise. They may raise the volume, alter 

pace, shift to a higher frequency, and/or sing at a quieter time 

of the day. 

Traffic and city sounds tend to be low-frequency rum-

blings. To compensate, European great tits have eliminated 

low-frequency syllables from their songs that would other-

wise not be audible. They also sing shorter songs and com-

pose differently: singing song forms not found in forest 

populations. 

 

Singing is symptomatic of sociality. Many songbirds have 

individual songs and styles. Many songbirds recognize a 

neighbor by his signature style. Birds reply in song to one 

another based upon previous social interactions with each 

other.  

The songs of adjacent territory holders have overlapping 

elements and individual stylistic distinctions. The songs of 

neighbors with whom a bird has no boundary disputes tends 

to be ignored, but a new variant attracts a rapid response.  

Songs vary in their aggressive intent. Some songs are re-

served as harsh language. 

Adult Adélie penguins call to their young as they return 

from sea with a meal. The young come running, calling back. 
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Before serving food, penguin parents and chicks engage 

in an identifying fest of call and response. Chicks who ap-

proach an adult that is not its parent are driven away. Par-

ents may be able to identify their chicks by sight, but chicks 

do not respond to silent adults. 

Dark-eyed juncos are a small, grayish sparrow common 

in North American forests. Junco males have loud territorial 

songs, but also soft, complex tunes that they sing in court-

ship. If one junco male hears another singing loudly, the ter-

ritorial marking is often ignored. But if the song overheard is 

whispered anywhere near its territory, it prompts an aggres-

sive response, as it suspects that another male is trying to 

woo his mate.  

The song sparrow mocks intruders by mimicking ele-

ments of their songs, as a way of telling the interloper that it 

is being watched, and to watch itself. Song sharing often 

leads to a fight, so this is more than an idle taunt. This threat 

is real enough that young sparrows don't dare mock their el-

ders. Song taunting is only done by tough old birds. 

For cowbirds, the local dialect is not just a product of ter-

ritorial males. For snatches of the right song, females re-

spond to male singing by inviting displays: a rapid shuffling 

of the wings similar to copulation invitation. This enticing 

signal is displayed by numerous passerine species. Such en-

couragement tends to tailor a male's song to the dialect where 

the female is from. Thus, an attractive female's preference 

for her native dialect modifies the songs sung by local males.  

Local dialects are somewhat typical for virtuosic song-

birds. This is to be expected, both for song composition and 

style, as singing is largely a learned behavior from local con-

ditions, and as song is an expression of sociality. For more 

rote singers, dialects are less distinctive, if they even exist. 

A distinction may be made between emulation and imita-

tion. Copying how objects are manipulated is emulation, 

while learning from demonstration is imitation.  

Imitation is generally considered a sign of a higher cogni-

tion. This is a human bias, as humans are so socially oriented 

as to find imitation sometimes easier than emulation.  
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For example, assembling furniture by direction is emula-

tion, while watching someone do it, then performing, is imi-

tation. Humans oftentimes struggle following directions but 

perform aptly more quickly by imitation. 

European starlings are startling vocal mimics. But they 

also learn from watching others. This is imitation.  

In experiments carefully designed to differentiate be-

tween emulation and imitation, budgies demonstrated imita-

tion. Japanese quail socially learn. They are imitators. 

Parrots are known for mimicking human speech. African 

gray parrots understand the human language they learn, in-

cluding context. Parrots lack lips and teeth, but they have a 

tongue which they use to form sounds in the same way that 

humans vocalize.  

The unique vocal organ of songbirds is a more complex 

instrument than the human larynx and vocal cords, which 

sits high in the throat. The avian syrinx is located at the 

lower end of the windpipe. The syrinx produces sounds by air 

flow through vibrating membranes: their shape and tension 

modulated by a sizable number of small muscles. 

This arrangement gives songbirds tremendous innate 

versatility, including fine pitch control, and the ability to pro-

duce 3 or 4 complex sounds simultaneously. Some species of 

songbird can control the 2 sides of their syrinx independently, 

allowing them to sing 2 melodies (point and counterpoint) 

simultaneously. By contrast, humans achieve sound variabil-

ity by vocal tract filtering.  

Birds can transmit and receive vocal messages 10 times 

as fast as humans. While birds see in a broader visual color 

spectrum than humans, both hear in the same frequency 

range. But birds discriminate sounds much more quickly. 

Whereas a human hears a single note, a bird may hear 3 

rapid tones, or even more. 

The physiological limits of human hearing and cultural 

inclinations codified their sound of music, most of which is 

based on variations of only 5 to 12 notes. The 12-note chro-

matic scale characterizes most Western music, and the 7-note 

diatonic scale is used in most popular music. The 5-note pen-
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tatonic scale was used in ancient Greece, is common in East-

ern music, and predominates nearly every riff played on the 

electric guitar. 

Bird songs are composed on more complex scales, with 

different harmonic intervals. Birds sing discrete notes in 

clear tones and repeat similar phrases. That is about as far 

as human music resembles bird song. Birds possess a vividly 

richer sonic tableau and corresponding cognitive sophistica-

tion. 

 Bat Song  

Bats have the same degree of vocal flexibility as songbirds.  
~ American neuroethologist Cynthia Moss 

Some bats sing complex songs every bit as intricate as the 

most florid birds. Like songbirds, sophisticated bat reper-

toires are not innate, but learned. Each bat species has a dis-

tinct style and techniques, as well as individuals having their 

own flourishes.  

Selfsame to songbirds, bat songs are sung for territory 

and to lure mates. Unlike many birds, which have a single, 

dual-function song for both territory and mating, bats sing 

distinct songs for the 2 purposes. 

Most birds have only a short developmental period during 

which they learn songs. By contrast, adult bats, like the most 

sophisticated bird singers, can learn new tunes. 

Bat songs have social implications beyond bird usage. 

Bats profusely sing when in residing in an all-male roost with 

a million other guys. Bats just love to sing. 

They're peeing on everything, marking every bit of their ter-
ritories. And just singing their hearts out. ~ American ethologist 
Kirsten Bohn 

 Parrots  

African gray parrots are highly social: living and foraging 

in large flocks. These parrots are renowned for their intelli-

gence and longevity.  

Parrots live in fission-fusion flocks, like the socially-fluid 

groups that dolphins live in. For parrots, imitation is the sin-

cerest form of flattery. 
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A parrot may mimic another to start a conversation. Each 

parrot has a distinct contact call that serves as an audible 

name.  

While chatting, parrots often invoke phrases that mimic 

their conversation partner. This imitation is like the human 

tendency toward mimicry to indicate comity. Dolphins also 

mimic for the same reason.  

 Alex  

One researcher's pet parrot, Alex, was bought in a shop 

when he was 1 year old. Alex was taught English for 30 years.  

Alex had a vocabulary of over 150 words, and it was clear 

that Alex understood what he was talking about, including 

symbolic representation, such as relative size and color.  

Alex knew the difference between cardinal and ordinal 

numbers. He also identified zero as "none."  

Alex could identify over 80 objects, 7 colors, 5 abstract 

shapes, and numerous materials. If asked to identify the dif-

ference between 2 identical objects, Alex would reply: "none."  

 

The capacity to learn by associating sounds with meaning 
makes sense biologically. ~ English ethologist Andrew Radford 

Numerous birds listen to the communications of other 

birds, including other species, including their predators. 

Ground-nesting birds, such as the ovenbird and veery, avoid 

putting their homes in the territories of bird-egg-eating chip-

munks. They do so by listening for chipmunk sounds nearby.  

Siberian jays tell other members of their group what a 

predator is doing, with different calls to inform whether a 

hawk is sitting, patrolling for prey, or attacking. Recipients 

respond accordingly.  

For birds given to song, their music is often a cultural 

transmission. Other cultural transfers exist, though many 

are not as easily observed. The showmanship of bowerbirds – 

with their elaborate mating bowers and courtship ritual of 

song and dance – is an extravagant exception. Bowerbirds 

can accurately mimic a whole soundscape. 
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I heard a bowerbird mimicking an entire audio scene with the 
most astonishing accuracy. I was amazed... shocked. It's by far 
the most impressive piece of vocal mimicry I've ever heard.  
~ American ornithologist Gerald Borgia 

Female bowerbirds prefer to mate with the most talented, 

accurate mimics. Vocal mimicry more closely relates to mat-

ing success than the artiness of the bower structures which 

these birds are best known for. 

 Foraging Guidance  

Exploiting new food sources is a common problem for so-

cial animals. Communication to locate and exploit rich 

sources is immensely helpful.  

Social insects are known to share such information by 

symbolic communication: using various means, including 

gestures, to indicate direction and distance. 

Insectivorous bird parents feeding a nestful of hatchlings 

take turns foraging. If one parent finds an abundant aggre-

gation of edible insects some distance from the nest, does it 

tell the other? The fitness benefit would be considerable. So, 

it seems likely. But that question remains unanswered, be-

cause reliably recorded human observation has not been 

made. 

 Honeyguides  

The honeyguide is an arboreal near pas-

serine, with separate species native to Africa 

and the Indian subcontinent. A honeyguide 

has an ironic lifecycle: a vicious beginning, 

leading to solicitously seeking cooperation from other species 

to feed.  

Honeyguides are brood parasites: laying their eggs in the 

underground nest of another bee-eating bird species, to be 

reared by adopting parents. An adult gives it offspring a head 

start by incubating its egg for a day before placing it in an-

other's nest. When placing her own in, an adult honeyguide 

punctures any other eggs already laid by the host.  

In case mom did not do the trick, a honeyguide is born 

with a needle-sharp beak which it uses to peck the other non-
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honeyguide hatchlings to death. After a month of care by 

adoptive parents, a chick loses its menacing beak and leaves 

the nest. 

Honeyguides feed on insects, including the eggs and lar-

vae of bees. They are quite fond of honey and are among the 

few birds that feed on beeswax.  

But honeyguides cannot open beehives. So, they earn 

their name by guiding other species to bees' nests they have 

found, and take their reward after the guided one has broken 

in.  

One cohort is the honey badger (ratel), which, while a 

badger, looks more like a weasel. The ratel is primarily car-

nivorous, taking any sort of animal food to be had: birds, 

small rodents, frogs, lizards, and snakes, even carrion, but 

will eat fruit and vegetables, such as berries, roots, and 

bulbs. A honey badger can also be persuaded to bust open a 

beehive. 

A honeyguide will attract a ratel by imitating its grunting 

sounds or hacking on a tree to simulate the sound of a bees' 

nest being ripped open. A honeybird can be quite solicitous, 

spending up to a half hour trying to cajole a follower.  

Having gotten attention, a honeyguide leads the animal 

on to a known beehive with inconstant maneuvers: flying 

within 4.5 meters, churring rapidly, fanning its tail and ruf-

fling its wings to signal intent. 

Honeyguides have been variously observed attempting to 

lead a mongoose, monkey, and baboon, but only baboons have 

been seen following the bird.  

In many areas of Africa, the honeyguide is well known for 

leading human searchers to a honey trove. It is a relationship 

that may be over a million years old. Honeyguides advertise 

their readiness to scout to the Yao people of northern Mozam-

bique by flying up close and churring. 

Conversely, a Yao may recruit a honeyguide with a dis-

tinctive vocalization: a firmly trilled "brrr" concluded with a 

grunted "hmm." No other aural sequence is taken seriously 

by a honeyguide. 

Honeyguides recognize the specific information content in 
the signal. It's not simply a cue to human presence. It's a signal 
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that the person will be a good collaborator. ~ English ethologist 
Claire Spottiswoode 

Honeyguides make a big difference to a Yao hunting 

honey. Left to his own devices, a tribesman finds a beehive 

just 17% of the time. With a honeyguide, the success rate 

climbs to 54%. 

Honeyguides provide the information and get the wax. 
Humans provide the skills and get the honey. ~ Claire 
Spottiswoode 

 Territory  

Territory may serve several purposes and means differ-

ent things to different birds. For songbirds, woodpeckers, and 

birds of prey, territory is for courtship, nesting, and feeding. 

Seabirds, swallows, and swifts use territory for mating and 

nesting, but forage in undefended areas. Other birds, includ-

ing bee-eaters and oystercatchers, have distinct territories 

for mating/breeding and foraging. 

The size and nature of territories varies considerably. 

Birds typically take as much territory as they can defend. 

Generally, a larger bird takes more territory than a smaller 

one. The food supply is a significant determinant of territory 

size, as is competition for available space. 

Territories are taken by announcement: singing or other-

wise making one's presence felt. A male ptarmigan makes 

display flights around his boundaries to put potential adver-

saries on notice that he is ready to defend his stake. Such 

displays are typical. 

Also typical are border squabbles among neighbors when 

territories are being established. These lessen in time to 

more neighborly tolerance. 

A territory is not necessarily a locale. South American 

antbirds eat in the wake of army ants on the march, feasting 

on the insects flushed out. The dominant birds of the flock 

take the best spots. 

A mobile territory means something entirely different for 

a brown-headed cowbird or rosy finch. A male follows a fe-

male around, trying to defend her from the amorous on-

slaught of other males. 
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 Advantages  

There are several advantages to home ownership: primar-

ily a food supply is secured.  

Homeless birds are forced to pilfer – a risky lifestyle. Oth-

erwise, a bird without territory is pushed into a marginal 

habitat, which demands continual foraging to survive. 

The owner of property familiarizes himself with his land; 

learning the best foraging spots, supply stores for nest mate-

rials, escape routes, and other necessities for a prosperous 

life. 

A fine homestead often leads to reproductive success. In 

some species, territorial claim is a psychological necessity to 

successful breeding. 

A study found that savanna sparrows with less than 600 

square meters of home to call their own fared poorly as breed-

ers. Only 11% had nests, compared to over 55% of those with 

territory over 600 m2.  

More generally, a bird with territory confidently comes 

into his own. Birds without claim to land are meeker. Their 

song is of the blues: softer, and less proud. 

That birds get attached to their territory is obvious, and 

most apparent by migrating birds that return to the same 

spot year after year. In one study, 76% of common terns on 

Cape Cod came back to the same nest site every year. An Af-

rican bulbul was seen at the same site where it had been 

banded 20 years before. 

Attachment can be more sentimental than sensible. An 

island once populated with a huge colony of Artic terns be-

came overgrown with shrubs; so much so that it was no 

longer a suitable nesting site. Yet a few of the oldest terns 

refused to leave, nesting in terrain that typically would not 

be tolerated. 

 Defense  

Vigilant defense is the price paid for holding onto a home-

stead. However vigorously a bird makes clear that intruders 

are subject to attack, such persistence is paid in kind with 

retreat and return within minutes.  
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Birds are terrific trespassers. Encroachment is constant. 

The finer the property, the worse the problem. 

Some birds allow help to hold their claim. Typically, a 

younger bird is tolerated: letting the hired beak have a place 

to roost and forage in return for thwarting incursions.  

A mated Florida scrub jay readily shares his territory 

with up to 6 unmated jays, all of whom help in the property's 

defense. The area belongs to the mated pair and any off-

spring, who may inherit the property. 

Sometimes groups defend territory, such as with the 

white-fronted bee-eater, a group of which will claim several 

square kilometers of foraging territory. 

The territories of colonial birds are necessarily con-

stricted: just one to a few meters at most. Group defense is a 

norm for colonials. Australian noisy miners are not above 

killing an interloper into their territory.  

Group defense is commonly by birds of the same species, 

though exceptions exist. 

The level of effort for defense is variable, and seasonal. 

Breeding season brings vigor in defense. Many resident 

birds, including mockingbirds and cardinals, sing more often 

when fledglings are becoming independent and dispersing, as 

this is the time when local population is at its peak. Better to 

not let anyone get any ideas. 

Some birds appear fearless in their ferocity, especially 

species that are fast fliers and adept at aerial maneuvers. 

Birds of prey, terns, swans, cranes, and magpies fall into this 

category. Such aviators don't hesitate to take on threatening 

creatures several times their size. 

If food supply becomes abundant, which typically is a 

short-lived phenomenon, vigilance gives way to gorging, both 

by the property owner and intruders. Conversely, in times of 

scarcity, territory may give way to getting enough to eat. 

 Pied Wagtails  

A pied wagtail spends many of his waking hours defend-

ing his property from fall until early spring. If food is partic-

ularly plentiful, a chase is not worth the trouble. Sometimes 
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a wagtail strikes a practical compromise: letting another 

wagtail forage in return for security service. 

One study found that a wagtail owner alone immediately 

spotted 60% of the intruders; the other 40% snatched a snack 

before being chased off. With a satellite, the instant hit rate 

went to 85%; only 15% grabbed a bite.  

With sufficient supply a territory owner could up his feed-

ing rate by 1/3rd by having a satellite helper: more than com-

pensating for the satellite's wages. When food becomes scarce 

– not enough for 2 birds – wagtails aggressively evict their 

satellites. 

In a season of severe shortage, a different scenario en-

sues. A wagtail temporarily deserts his home, joining a flock 

to forage. He periodically checks his property, for an im-

proved supply of the insects he eats, and to prevent another 

bird from moving in. 

 

The most common method of seeing an intruder off is 

song. Alternately, or in addition, posturing and chase are em-

ployed. Such displays, including flight patterns, are specific 

to territory defense. To settle a border wrangle, 2 male hazel 

grouse might chase each other airborne for a while, then run 

side by side for as long as 45 minutes. The dispute is settled 

via stamina. 

Physical combat to defend territory is not quite common, 

but it is also not especially unusual. Vocalizations and dis-

plays evolved to show fitness for battle, thus lessening the 

frequency of physicality. 

If battle does break out, it is typically vicious. Property is 

often a deed to a decent life: worth fighting for at all cost. 

A penguin will defend its nest site by banging an intruder 

with its flippers, along with jabbing and biting with its sharp 

beak. Both fighters are likely to get bloodied. On rare occa-

sion, two equally matched males will fight to the death over 

a patch of land. 

An especially brutal brawl was seen between 2 European 

robins. In the fight finale, one bird killed the other. Adrena-

lized, the victor continued to peck at the corpse, taking out 

its eyes and puncturing the skull. Then it sat for a while, 
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perched high in a tree, and sang its sweetest song. Where-

upon it flew down and went back to mutilating its fallen foe. 

 Battles in Epping Forest  

To the victor belong the spoils. ~ American politician 
William Learned Marcy 

The violence of territorial defense varies, even within a 

single species. Male English robins see off intruders with 

song if they can. If not, aggressive negotiation may be pur-

sued. 

One English robin, keeper of a fine patch of land, was put 

on alert by a rival, perched high in a tree in the middle of the 

owner's territory, who loudly proclaimed in song that new 

management was taking over. The owner retorted with his 

own song. 

The newcomer flew to a nearby tree, with the unwilling 

host in hot pursuit. Another new song / old song contest en-

sued. And so on for 2 days, throughout the property. The in-

truder's siege wore the owner down.  

After 2 days, the tired old owner ceased his chase. His 

song grew softer, until it finally ceased. He shortly thereafter 

abandoned his land as the new owner took possession. 

Another eviction came to blows, for the prize was more 

than territory. An unmated English robin male invaded his 

next-door neighbor's property. The intruded-upon was a male 

with a mate.  

The newcomer burst into loud song, with equally fervent 

response. After a few rounds of raucous songs, things got 

ugly. The intruder started furiously pecking the mated male. 

The 2 birds grappled with claws and beaks in physical com-

bat. After 2 hours of battle, the old owner was much the worse 

for wear, while the intruder was ready to keep on.  

The ailing bird fled the attacker to sit on a high branch 

and sing a soft, forlorn song. Meanwhile, the land's new lord 

sang loudly, flying from tree to tree, establishing the new lim-

its to his domain.  

The defeated bird hung around a few days, singing softly, 

occasionally harassed by the new master. The despondent 

robin then flew off, never to return. 



568 Spokes 2: The Web of Life  

The hen mated to the old owner remained aloof during 

the conflict. But she lost no time making her presence felt 

with the victorious bird, following him about with interest. 

She later mated with him and reared a brood of chicks. 

 Planning & Memory  

Memory for 'what' and 'where' is not that remarkable in the 
animal kingdom. Even insects can do it. It is the ability to 
remember what, where and also when an event occurred – 
referred to as episodic memory – that is generally considered to 
be a much more sophisticated form of memory and is usually 
assumed to be uniquely human. ~ English science writer Helen 
Phillips 

Several bird species make an impressive show of caching 

food in anticipation of lean winter months; demonstrating 

planning, and rather incredible memory, in remembering lit-

erally many thousands of locations where they have stashed 

their goods. 

 Scrub Jay Caching  

There are 6 species of scrub jay. Scrub jays plan: season-

ally caching food so that they have sufficient supplies with 

nutritional variety. 

The Florida scrub jay's favorite food is 

fresh wax worms (wax moth larvae). Alas, 

wax worms are more perishable than seeds 

and nuts.  

These jays learn how long a wax worm can 

be stored and still be edible. They retrieve cached wax worms 

within their decay expiration date or not at all.  

Scrub jays watch where other jays cache food and later 

steal it. Jays tend to steal from those of lesser social standing. 

They re-hide their own food if they think there is the possi-

bility of it being stolen.  

Jays that have not taken to thieving ways are less likely 

to recache food than larcenous birds. Projecting its own state 

of mind, a thief is suspicious of others. 
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 Bivouac Checking  

Tropical insectivorous birds are presented an instant 

feast if they chance upon a colony of army ants during a raid, 

as the ants drive out ahead of them other insects fearing for 

their lives. Some birds are smart enough to take chance out 

of the equation.  

The white-whiskered puffbird is one such sharpie. These 

birds practice bivouac checking: auditing army ant bivouacs 

at the end of the day, after the ants have fed on a raid.  

Army ants regularly alternate high and low raiding activ-

ity. Birds monitor the bivouacs of multiple army ant colonies, 

keeping track of the various colonies' activity cycle, anticipat-

ing when a colony will launch a major raid. This allows them 

to track the colonies through time, as well as take advantage 

of the spoils from a colony on the march.  

The birds do this even when not hungry, demonstrating 

planning for the future. Colony tracking requires mental time 

travel: remembering previous activity patterns and antici-

pating and planning for future events. Mental time travel 

has long been considered a mental facility unique to humans. 

 Corvids  

Crows are amazing birds. They're smart, crafty, emotional, 
inquisitive, and wise, and form complex social relationships 
with other crows and a wide variety of other animals, including 
humans. ~ American ethologist Marc Bekoff 

The corvid family has over 120 species, 

including crows, magpies, jackdaws, jays, 

nutcrackers, rooks, and ravens. Corvids 

are renowned for their cunning and crea-

tivity, as well as their mischievousness. 

Corvids mimic human voices and enjoy the confusion they 

create. Magpies kept by Indian zookeeper Gerald Durrell 

learned to imitate his maid's calling the chickens to be fed. 

When the magpies got bored, they called the chickens, who 

came running.  
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Disappointed at not finding food, the chickens went back 

to roost. The magpies would roust them again with another 

call. The chickens fell for the ruse every time. 

To talk, crows must be able to form and replay memories. 
Crows manipulate, deceive, play, and converse with other spe-
cies. They anticipate rewards and, to reap them, devise and 
carry out plans. ~ American ornithologist John Marzluff 

 Intelligence & Awareness  

Corvids recognize faces and remember past interactions 

with individuals, whether of their own species or others, such 

as people. They also remember conspecific group affiliations: 

for themselves and the groups to which others belong. 

Ravens have mental representations about others. ~Dutch 
zoologist Jorg Massen 

Crows learn from one another in a way that demonstrates 

their possessing empathic theory of mind. 

It's one thing to learn from one's own experience, and an-
other to observe that happening to other individuals and infer it 
happening to you. ~ John Marzluff 

Ravens are positively political. Ravens create dominance 

hierarchies within a group and among groups. They do so by 

forming coalitions. The benefits of social climbing include 

better mating privileges, mutual protection, and shared food 

sources. Like many mammals and some other birds, corvids 

have a sense of fairness. 

Ravens are able to tell where another raven is in its group 

hierarchy by observing its behaviors with others (transitive 

inference).  

Power may be obtained not only by brute force but also by 
social strategies resembling human politics. ~ Jorg Massen et al 

To gain or maintain social standing, ravens intervene in 

the affiliative interactions of others, even though such inter-

ference is potentially risky and without immediate benefit. 

Because of their already established power, allied ravens can 
afford such risky strategies. They specifically target those ravens 
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that are about to establish a new alliance and might thereby pre-
vent them from becoming future competitors through a divide-
and-rule strategy. ~ Jorg Massen 

Corvids use deictic gestures in the same way as primates: 

using their beaks like hands to point and draw attention to a 

certain object or location. Such behaviors develop bonding re-

lationships and reveal affinities to others. 

Corvids infer the intentions of others. A raven will move 

cached food if another raven appears to have seen the stash-

ing but will leave a stored bit in place if ravens are around 

that couldn't know. 

A pet dog will follow the gaze of his master to hidden food. 

A corvid has no master, but readily watches such gazes to 

concealed meals. 

Eurasian jays plan their meals. Males anticipate and ca-

ter to their mates' desires when foraging. If a male wants 

something other than his mate, he takes her wishes into ac-

count. Most often he feeds her what she wants. This clearly 

demonstrates an empathic theory of mind. 

Corvids are apt logicians. When faced with tests to obtain 

food requiring a varied, elaborate procedure, corvids imagi-

natively consider the situation; then, without any experimen-

tation, succeed in retrieval. In contrast, people faced with 

such a challenge take a piecemeal approach and rely upon 

trial and error. Corvids surpass humans in problem-solving. 

Corvid problem-solving acumen comes from their innate 

understanding of physics coupled with excellent memory. 

Corvid comprehension of physics is more nuanced than chim-

panzees possess, and appears even superior to that of hu-

mans, who begin to acquire their physics sense at 6 months 

of age.  

A crow knows how much something weighs by seeing how 

it reacts to a wind. Crows can solve practically any problem 

involving natural phenomena. They falter with contrived 

problems that are counter-intuitive, as do humans. 

Causal reasoning is the mental ability to infer an unper-

ceived mechanism for an effect that is detectable. Human in-

fants as young as 7 months possess causal reasoning; so do 

crows, though how early in life they get wise to the unseen is 
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unknown. Crows ability to understand causal properties 

more than rivals that of 5- to 7-year-old children, which is 

about as far as most people get.  

The ability to make inferences about hidden causal mecha-
nisms underpins scientific and religious thought. It also facili-
tates the understanding of social interactions, and the 
production of sophisticated tool-using behaviors. ~ English 
corvid researcher Alex Taylor 

 Tool Use  

Creatively fashioning tools is common among corvids. 

Crows create tools that require manipulating a substrate ma-

terial, such as breaking a twig, stripping off its leaves, and 

honing its tip to a fine hook.  

Corvids make tools using a combination of materials. 

They manufacture tools of greater sophistication than those 

that chimpanzees have been seen to make.  

The tool of choice depends upon the task at foot. Different 

groups use different tools based upon local custom.  

New Caledonian crows, which live in family groups, have 

cultural traditions relating to tools. But then, these corvids 

have a strong innate fondness for tools. Young crows at 2 1/2 

months spontaneously begin to use available tools, even 

without training. Like a mathematician fiddling with a pen-

cil while worrying over a problem, these crows compulsively 

grab a stick and twiddle it when struggling to figure some-

thing out. 

New Caledonian crows combine objects to construct com-
pound tools. These crows solve novel problems rapidly. ~ Ger-
man zoologist Auguste von Bayern et al 

Corvids use their tools in different ways depending upon 

the situation. Rapid poking is used to prod prey under leaves, 

whereas slow patient movements are employed to hook a food 

source from a difficult-to-reach spot. 

Crows carry their favored tools with them, tucking them 

under their feet when feeding so as not to lose them. Crows 

foraging up high, where a fallen tool would be troublesome to 

retrieve, are more apt to store them in tree holes for safekeep-

ing. 
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 Parenting  

As with other corvids, New Caledonian crows have 

nuclear families. A mated pair stay together year-round, 

constantly reaffirming their bond by mutual grooming and 

feeding, and intimately relaxing by sitting next to one 

another. They don't even mind if one partner plays with the 

other's favorite tools. 

Offspring live in a stable and loving home. They are led 

by example and offered positive reinforcement. Parents are 

patient and persistent in teaching their young, as well as tak-

ing prodigious care of them into near adulthood. The family 

forage together, often talking in quiet voices. 

Young crows stay with their parents for 2 years or more. 

This is a quite extended dependency by avian standards. It 

pays off in producing the brightest birds. 

 

 Jackdaws  

Jackdaws, gregarious and voluble, es-

tablish a pecking order in their flock. In 

stark contrast to chicken hens, who may 

peck at any inferior, jackdaws worry only 

about keeping the next-in-line in line.  

Jackdaws prefer to be as peaceful as possible. They re-

spect established social boundaries. 

Not only physical strength, but also personal courage, energy, 
and even the self-assurance of every individual jackdaw are de-
cisive. This order of rank is extremely conservative. An animal 
proved inferior, if only morally, in a dispute, will not venture 
lightly to cross the path of its conqueror. ~ Austrian zoologist 
Konrad Lorenz 

Jackdaws mate for life. Young males establish their rank 

before choosing a wife.  

Unmated females are the lowest on the pecking order. A 

female assumes the status of her mate; a social convention 

universally respected. 

Jackdaws are unique among corvids in that they nest in 

natural cavities in trees, of which there are a limited supply. 
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A jackdaw warns off interlopers by intimidating looks, using 

another jackdaw singularity: bright eyes. Unlike their dark-

eyed relatives, jackdaws have pale irises. Set against their 

dark face feathers, this makes the object of their gaze obvi-

ous. 

 Pinyon Jays  

Pinyon jays are an especially gregarious North American 

corvid. They live in permanent flocks of up to 500 individuals, 

breed colonially, and have long-term, multigenerational rela-

tionships within a social dominance hierarchy. 

A pinyon jay knows its place in the pecking order. It also 

can figure out the rank of a bird not known to it by how the 

stranger interacts with another jay that is familiar. Pinyon 

jays can indirectly infer a stranger's social rank.  

Transitive inference can be seen in several corvid species, 

and, as aforementioned, in chickens. Rats and monkeys are 

also known to be able to figure out relationships between ob-

jects or others via indirect evidence.  

 Magpies   

The Thieving Magpie is a melodramatic opera by Italian 

composer Gioachino Rossini. It is a tale of a maid who almost 

goes to the gallows for stealing silver, before it is discovered 

that the culprit was a thieving magpie, which had been tak-

ing and stashing items in the church tower. 

European folklore tells of magpies as fond of shiny 

objects, and prone to collect them. However well sung the 

story, it is a myth. Magpies are initially more spooked than 

attracted to shiny objects, which are not normally found in 

Nature. 

Magpies are considered one of the most intelligent ani-

mals. The European magpie readily recognizes itself in a mir-

ror. 

Several black-billed magpies were observed retrieving 

grass and placing it on the body of a dead friend. They stood 

vigil, grieving for some time before flying off, leaving the 

corpse and tribute behind.  
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Magpies are not the only corvid with admirable emotional 

stature. Other corvids, including Western scrub jays, have 

been seen grieving over lost friends.  

 Mammals  

Mammals are endothermic, air-breathing, vertebrate tet-

rapods, with hair and 3 middle ear bones. Female mammals 

have mammary glands to nurse their young. 

4 limbs are ubiquitous among terrestrial mammals. Ma-

rine mammals (e.g., dolphins, dugongs) descended from tet-

rapods, but lost their hind limbs. Most land mammals 

ambulate on all 4, though there are several exceptions. Ha-

bitual bipedalism independently evolved numerous times in 

mammals: macropods (e.g., kangaroos), kangaroo mice, dipo-

dids (e.g., jerboas, jumping mice), hopping mice, pangolins, 

and hominids. 

There are 29 mammalian orders, 153 families, 1,229 gen-

era, and 5,702 known species. Mammals range in size from 

the 35-mm, 2-gram bumblebee bat to the 30-meter, 180-tonne 

blue whale. 

Mammals were classified early on by their dietary habits 

as well as appearance. The inner logic to this is that a 

mammal's nutritional needs shape its body.  

Teeth and feet are exemplary. Carnivores have sharp 

blades for teeth, and claws for catching prey.  

Herbivores have molars for grinding plant matter, and 

limbs designed for foraging treks. Many have especial diges-

tive systems to handle large volumes of low-nutrition food. 

Rodents have pronounced incisors that gnaw well 

through tough materials, such as nut shells. Many have front 

paws which allow them to grasp their food. 

 Rodents  

40% of mammal species are rodents. With 56 million 

years to make their mark, rodents are found in vast numbers 

everywhere but Antarctica.  

Like humans, rodents breed at an appalling rate. Like-

wise, every rodent has its own personality. In the face of 



576 Spokes 2: The Web of Life  

stress, some mice have passive personalities, and so appear 

stoic, while the proactive put up resistance.  

With one exception among 2,200 species in 27 families, 

rodents must gnaw, as their 2 front teeth grow all the time. 

As a rodent gnaws, its incisors scrape together, keeping them 

sharp. Rodent molars, the chewing teeth, are set far back into 

the jaw, affording the strongest possible bite. 

The gnawing exception is a forest-dwelling 

shrew-rat, with oddly shaped incisors and no 

molars. The shrew-rat's mouth adapted to its fa-

vorite food: soft-bodied earthworms that need to 

be nabbed but require little chewing. 

 Squirrels  

The family of squirrels extends to 285 species in 58 gen-

era. They evolved 40 MYA. 

Squirrels have quite the body: strong and impressively 

elastic. A squirrel can rotate its ankles 180° to keep a grip 

while climbing, no matter which way it is facing. Squirrels 

can leap 10 times the length of their body: more than twice 

what a human can manage at the fastest sprint. 

Part of a squirrel's strength lies in its elaborately veined 

tail, which also acts as a thermal regulator. In the summer, 

the tail wicks off excess heat. In winter, the tail shunts warm 

blood to its body core. 

While rats have quite limited vision, squirrels are sharp-

eyed. Their peripheral vision is as sharp as focal eyesight. 

While color vision is limited (dichromatic), their pale-yellow 

lenses cut down on glare. 

Squirrels have prodigious memories. For years they can 

remember the many thousands of locations where they have 

stashed food. Squirrels also have long memories of their ex-

periences, including whether problem-solving attempts they 

tried worked or not. 

Squirrels can recall techniques which they have not used for 

a long time. ~ English zoologist Théo Robert 

Squirrels are gregarious. Males leave their natal group 

when grown, finding a mate in another community. A female 
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remains with her family for life. All 

the females in a society are related, 

which affords sharing a tribal vocab-

ulary. 

For protection against predation 

ground squirrels forage socially. If 

one spots a predator, she will call 

out. A ground predator raises a trill 

alarm, while a flying hawk solicits a whistle. Young squirrels 

learn the differences in calls. 

A trill call is only given by females in the presence of other 

squirrels in the family. At a trill, others stand up and look 

around to spot the menace. 

A whistle causes all squirrels in earshot to hustle for 

cover. That makes a whistle somewhat selfish, as the scram-

ble likely leaves any predator confused to the source. By con-

trast, a trill is a bit risky, identifying caller location, and so 

an altruistic call. But a female is calling to family, and noth-

ing is more important than family. 

Squirrels meeting give each other a kiss, which is actually 

a sniff, as identification. A squirrel's mouth has a scent gland.  

Squirrels can tell how closely related they are by smell. 

Some family are more important than others. 

Squirrels learn from their peers, particularly how to steal 

food, and to recognize food thieves. They cache surplus food 

and will do so deceptively if they think they are being 

watched. 

Squirrels in rattlesnake territory mask their scent by 

picking up pieces of shed snakeskin, chewing it, and then 

licking their fur. They'll also use scent from other sources: 

soil or other surfaces of snake repose that are scent laden. 

Juveniles and adult females practice this protection more 

than adult males, who are less vulnerable to predation by 

snakes by dint of their superior speed and maneuverability.  

Squirrels can assess how dangerous a snake is by the 

sound of its rattle. Squirrels understand that rattlesnakes 

can see in infrared. A squirrel heats up its tails and then 

waves it as a warning to a nearby snake, who suddenly 

senses the squirrel as a threat. Other squirrels nearby join 

in. The tactic works.  
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On the odd chance that a snake does not slither away, 

squirrels further intimidate a snake with aggression. Most 

common is kicking sand at a snake, forcing its retreat. 

Squirrels foretell food production by surveying local trees 

that produce tasty seeds. Red squirrels will breed extra pups 

in anticipation of a bumper crop of spruce cones months be-

fore the cones even materialize. Spruce cone seeds are a ma-

jor food source for these squirrels, which makes the squirrels 

a spruce-tree enemy.  

As an adaptive stratagem, spruce trees irregularly pro-

duce different cone quantities: years of few cones, followed by 

a bumper crop. This technique, mast seeding, is practiced by 

several tree species, to optimize the prospect of thriving in 

the face of animal predation of their seeds. 

Spruce trees bud each year. Some buds differentiate to 

tree branches, while others go to cones. Squirrels nibble the 

buds and somehow detect that a masting event of bumper 

cone production is forthcoming the next summer. In the evo-

lutionary race, red squirrels have outmaneuvered their meal 

ticket. 

 Rats  

They are diabolically clever animals. ~ English biologists 
A.H. Barrett-Hamilton & M.A.C. Hinton 

Rats are extraordinary creatures: cunning, fearless, 

smart, and curious. Their capacity for viciousness is quite 

manly. If cornered, a rat will fight to the death. 

Rats are nearsighted. Vision is quite poor beyond a meter. 

Living in close quarters does not reward excellent eyesight, 

except up close, where rats' visual processing is at least as 

sophisticated as humans.  

Rats otherwise have keen senses, particularly an aston-

ishing sense of smell, excellent hearing and sense of taste, 

and an exquisite sense of touch, accentuated by extremely 

sensitive whiskers and body hair. Rats use their facial whisk-

ers much as humans use their hands and fingers when find-

ing their way in the dark.  
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Motion can be sensed 15 meters distant. By smell, rats 

can tell whether a predator is within that range, or another 

rat, and whether male or female.  

Rats are immaculate. They spend up to 30% of their time 

grooming. Rats are good swimmers, and happily bathe when 

clean water is available. 

Rats are strong and agile; capable climbers that can jump 

10 times their height, and squeeze through tight spots. 

Rats are omnivorous, with a high metabolism: consuming 

1/3rd their body weight per day. Seeds, grains, seafood, and 

meat are favorite foods. Rats will not eat white flour, as it 

lacks adequate nutrition.  

Rats prefer to dine in secrecy. They readily hoard food. 

Rats are stealthy, wily hunters. They are fine fishers and 

gather shellfish when seaside. Small animals, domestic fowl, 

and wild ground birds are ready prey. Stolen bird eggs are an 

especial treat. 

Hungry rats are bold. They will attack the newborn or 

sick of larger animals, whether a piglet or human infant, 

even an adult human that appears helpless. 

A rat can survive 2 weeks without food but must have up 

to 40 milliliters of water a day. Rats typically build their nest 

close to supplies of water and food. 

Rats have many predators, so it is crucial that they navi-

gate their environment efficiently and flexibly. Rats are bet-

ter at mazes than people, and superior at tasks requiring 

precise timing. Rats excel at remembering various invento-

ries. They exceed human capacity in intuitively counting ob-

jects. 

Rats make decisions based upon past experiences. They 

suffer regret from poor choices. Novel situations require more 

analysis before a decision is made. 

A rat has its own personality and temperament. Some are 

hard workers, other are slackers. Some are good-natured and 

cheerful, others somber. 

But all rats like being tickled, especially tummy tickled. 

It is a social joy. Rats tickle one another and chirp with glee. 

Tickling makes for a happy home. In contrast, being petted 

is not pleasing. 
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Rats certainly have a sense of pleasure. It is likely they 

have a sense of humor, though stolid researchers haven't fig-

ured out a way to test for that. 

Rats behave like people in numerous ways. They make 

facial expressions: grimacing with pain, sighing in relief. A 

rat can tell another rat's emotional state by its facial expres-

sion. Rats dream of the day's events and who knows what 

else. 

Rats develop a sense of trust, or mistrust, in others. Rats 

are generally empathic, and selectively altruistic. Rats enjoy 

sex and know good sex from bad. 

Rats are prolific, breeding year-round. Females gestate 

for 22 days and may mate again 2 days after giving birth. A 

female can produce 16 litters per year, 6–12 pups per litter 

(kittens is the European term for rat younglings).  

Rats are very altricial. Pups are born completely vulner-

able: blind, deaf, and helpless. A pup is weaned in 4–5 weeks. 

Rats reach sexual maturity by 2–3 months, if they live that 

long.  

Mortality is high. Pups are sensitive to temperature 

swings or other environmental upsets. Predators are aplenty. 

Disturbed mothers commonly kill and eat their young. 

Life as a rat is tough, regardless of age. Most live but 6 

months to a year, though some survive to 5 years. 

Rats congregate in large packs. Females share parental 

care, while all adults protect pups from danger. 

Old World rats lived in Central and South Asia before fur-

tively traveling the world with human explorers. Black and 

brown rats are the best-known species. As stowaways on sail-

ing ships, by the 19th century, the adventurous rat had colo-

nized the world. 

Black rats originated in South Asia, descending from a 

tree dweller. They prefer high places. 

Brown rats came from northern China and Mongolia. 

Once found in the forests, reliable food supplies lured them 

to farms and villages. Brown rats prefer to be underground, 

near water. They are avid burrowers. 

Brown and black rats are mortal enemies. They will not 

crossbreed. They may live in the same house, but only so long 

as they remain apart: black rats upstairs, brown rats in the 
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basement. War breaks out if they meet in between. The 

larger, more ferocious brown rat is likely to prevail. 

Rats are wrongly dreaded for carrying diseases. A marked 

fear has been immigrants may carry illness from afar. But 

rats are hygienic, and fiercely territorial. Newcomers are re-

buffed by residents. 

It's unlikely that a lot of diseases are going to be entering cit-
ies on rats walking into the local rat population. ~ American 
zoologist Jason Munshi-South 

 Sand Puppies  

Badly misnamed, "naked mole rats" live in the grasslands 

of East Africa. Their entire existence is subterranean. 

The naked mole rat is more aptly 

called a sand puppy by the locals.  

They are neither moles, nor rats; 

but they are naked. And they do look a 

bit like puppies if you are half blind, which they are. 

Sand puppies have no fur. Fur would be a serious disabil-

ity for a lifestyle living in the dirt.  

The sand puppy has several adaptations that give the 

good life to be had from rooting around underground. The de-

sert sand puppy is an excellent example of hand-in-glove ad-

aptation to a habitat. 

Sand puppies have no pain receptors in their skin, which 

is otherwise unknown for rodents. 

Sand puppies have an almost ectothermic metabolism. 

Because they cannot regulate their body heat, sand puppies 

need a habitat with a highly stable temperature. 

Sand puppy lungs are tiny, and their respiration rate ex-

tremely low: helpful for living inside tunnels, where air sup-

ply is limited. To compensate, sand puppy blood has a high 

affinity for oxygen, thereby making the most of stale air. 

A sand puppy also has a modest metabolism. Low metab-

olism and breathing efficiency mean that aging by oxidative 

processes is minimized. One consequence is that cancer is un-

known in these animals. 
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Sand puppies sleep a lot. Thanks to their lifestyle, sand 

puppies are especially long-lived for a rodent: only 3 years for 

hard-scrabbling workers, but up to 3 decades for breeders.  

The sand puppy and the Damara mole rat are the only 

known eusocial mammals. A sand puppy colony has a single 

breeding queen, along with 1 to 3 breeding males among the 

20 to 300 individuals in a colony; membership of 75 is aver-

age. Reproductivity in other females in the colony is sup-

pressed by a pheromone secreted by the queen. 

Food is hard to find in the parched terrain where sand 

puppies live. A solitary puppy would not survive. Eusociality 

solved several problems that ensured species survival. 

Besides the queen, who sole task is procreation, sand pup-

pies perform different roles at different ages, appropriate to 

their aptitude.* The young attend to the queen.  

Diligent and robust rats act as soldiers, standing watch 

against predators. Odor distinguishes friend from foe.  

A solitary sand puppy is a snack to a desert snake, but a 

snake invading a sand puppy tunnel will meet a fierce de-

fense.  

Sand puppies nearby attack en masse. If one manages to 

sink its teeth into the snake, it will the drag the snake deeper 

into the tunnel, where the snake is gnawed to death. 

The smallest adult sand puppies are laborers: digging for 

food and maintaining the burrows. Workers chew their way 

through hard soil in hopes of a robust root to feed the colony 

back home.  

Eating dirt is no fun, even for a sand puppy – so a worker 

will tuck a block behind its teeth before gnawing its way to a 

tremendous tuber. The block acts as a barrier to dirt or other 

debris that could choke an industrious puppy.  

 
* It was once thought that sand puppies have a strict caste system, 

like eusocial insects. Instead, Austrian zoologist Markus Zöttl ex-

plains, "mole rat social organization has more in common with the 

societies of other cooperative mammals, such as meerkats and 

wild dogs, than with those of social insects."  
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For a barrier block a sand puppy picks a suitably sized 

wood sliver or bulb husk shaving. A puppy will pause to re-

position his block as needed. A block is replaced when it be-

comes worn. 

 Prairie Dogs  

The eusocial sand puppy is an extreme 

example of the tendency which rodents 

that live in exposed habitats have: to form 

dense colonies underground, in burrows. 

Other examples include the Arctic ground 

squirrel, marmots, viscachas, and various 

voles. A curious culmination of this trend 

is the prairie dog, of which there are 5 spe-

cies. The one with the broadest distribution, and the most 

studied, is the black-tail, which lives in the Black Hills of 

South Dakota.  

Prairie dogs see in dichromatic color. They have good vis-

ual acuity: a necessity for spotting predators, and for visual 

signals at a distance with other prairie dogs.  

Prairie dog hearing is in the same audible range as hu-

mans. Their sense of smell is exceptional. Prairie dog social-

ity is grounded in intimate olfactory reckoning. 

A local colony is termed a town, which may span a hun-

dred or more hectares in a tunnel complex. Black-tail prairie 

dog towns may have as many as 1,000 residents. 

Towns are physically separated into wards, which define 

territories. A ward averages 0.05–1.01 hectares. Ward 

boundaries may be defined by a ridge, rocks, stream, shrub-

bery, or trees. 

Each ward is home to a coterie: a family group comprising 

up to 30 or more members who all share a burrow. A typical 

coterie has 1 adult male, 2–3 adult females, and a few pups. 

But coterie composition varies. Family groups with more 

adult females may have more than 1 adult male. Prairie dogs 

have a flexible social system. 

Adult males in a coterie tend to get along only when they 

are related. Unrelated breeding males in a coterie tend to be 

indifferent or antagonistic to each other. 
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A single male may have a harem of 2 or 3 groups of fe-

males, in which case the different female groups are not often 

friendly to each other. 

Males maintain the burrow and defend territory. Mothers 

care for their offspring. All pups are sired by the resident 

adult male. 

A male leaves his natal group when sexually mature: 

going forth to find another coterie to defend and breed in. 

Females tend to stay in their natal group for life, and so form 

the foundation of stability in a coterie. The same territory is 

passed on to the next generation.  

Larger coteries tend to break up, with some individuals 

emigrating to form a new coterie. An adult male ventures 

into an adjacent unoccupied space and starts a burrow. He 

may be soon followed by 1 or a few adult females. 

The resident male of each territory defends his territory. 

Interactions at ward borders may happen 20 times a day, 

each lasting a few minutes. Two males will stare at each 

other, chatter, and may make bluff charges.  

In any such close encounter, males invariably raise their 

tails and expose their perianal scent glands, then sniff each 

other out. These glands reveal an animal's health; an honest 

communication that typically ends the encounter before it 

turns into much of a fracas. 

If a fight breaks out, which only happens infrequently, 

prairie dogs bite, kick, and ram each other. If a female spots 

an intruder that is her size or smaller, she may take him on 

herself. Otherwise, she calls the resident male. 

Coterie members all recognize one another. They kiss 

when they meet: touching lips with open mouths and teeth 

exposed to get each other's scent. They may then simply 

brush past each other. But family members with cordial re-

lations will take time to groom each other when they meet. 

One lies down while the other nibbles its fur.  

Occasionally, a kiss ends with the two laying side by side 

for a while, then heading off together for a bite to eat. Prairie 

dogs are herbivores. 

Allogrooming is a frequent pastime. Pups are especially 

fond of it: often pursuing adults to present themselves for 

grooming. 
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Prairie dogs employ a rich set of communication proto-

cols: olfactory, visual, and auditory. Their vocalizations 

clearly demonstrate that prairie dogs have a language all 

their own, including cultural transmission passed down 

through generations. 

A predator in the vicinity raises a special high-pitched 

barking. The barking spreads from burrow to burrow. Such 

calls tell the nature of the predator. A hawk or eagle elicits a 

different yip than a snake or coyote.  

The behaviors that various predators incite also differ. A 

prairie dog in the flight path of hawk dives into his hole. 

Those outside the flight path stand and watch the action. 

Coyotes inspire watching. Prairie dogs will attentively 

stand outside the burrow entrance. Those inside the burrow 

will come out to stand and watch too. 

Prairie dogs have other calls for events that do not involve 

predators. A male gives a slow, intermittent bark to defend 

its territory. A female guarding her babies in a burrow 

against intrusion has a distinctive muffled bark.  

Being chased after losing a fight, a prairie dog typically 

emits a churring sound. This signal of submission lessens the 

hostility of the pursuer. 

The most dramatic black-tail prairie dog display is the 

jump-yip territory call: an adult male stands, stretched out, 

its head back, and forefeet in the air, while making a call. A 

jump-yip from one can inspire others nearby to do the same.  

 A Keystone Species  

Prairie dogs are a keystone species, with considerable im-

pact on ecosystem diversity and abundance. Their burrows 

improve soil nutrient cycling and moisture retention, which 

benefits plants and earthy organisms. Like beavers, prairie 

dogs are ecosystem engineers. 

Prairie dogs cultivate their homestead; not by digging, 

but by eliminating unwanted species. They cut back tall 

grasses around their towns. This removes cover for preda-

tors. It also allows shorter plant species to grow, which are 

otherwise inhibited by the tall, shady grasses.  
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Many quick-growing flowering species sprout around 

prairie dog towns, providing seeds that these animals are 

fond of. If an unwanted plant starts to grow, its shoot is often 

ripped off at the base. The plant is left to wither under the 

Sun's steady gaze. 

Prairie dogs know the plants they prefer. Many are a rich 

source of water, which is vital for survival, as prairie dogs 

rarely drink water. 

As landscapers, prairie dogs construct mounds around 

each tunnel entrance using excavation soil. These mounds 

are maintained, as they provide a valuable vantage point to 

watch for predators, or for raids by prairie dogs from other 

towns. The mounds also help prevent flooding when the 

heavy seasonal rains come. 

It is often thought that herbivores negatively affect the 

plant community. Prairie dogs illustrate that this is not nec-

essarily the case. Their grazing alters plant composition in 

the community, while increasing nitrogen uptake in local 

vegetation, thereby creating a gyre that advances plant spe-

cies richness.  

The positive ecological effect of prairie dogs cascades 

through the larger food web in their habitat. Bison and 

pronghorn preferentially graze in prairie dog towns. 

When these hoofed animals first appear, the little dogs 

are wary. Once the prairie dogs determine that these beasts 

are benign, they often began feeding close by, considering 

these larger animals good cover. 

Bison find burrow entrances attractive dust bowls to wal-

low in. The bison churn the mound soil. If damage is done, a 

crew of prairie dogs come out to repair.  

Sometimes bison favor certain spots, repeatedly rooting 

around. In such instances of serious bison business, the en-

trance is abandoned. Prairie dogs clearly understand the sit-

uation. 

Mice and rabbits are known to seek refuge in a prairie dog 

burrow. They are usually tolerated. 

Insects are more abundant where prairie dogs live. So too 

insectivorous birds and rodents, as well as those that prey 

upon them and prairie dogs. 
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More than 160 vertebrate species have been identified as 

positively affected by prairie dogs; a small fraction of all that 

benefit from their presence.  

 Giraffes  

A gentle giant and the world's most graceful animal. ~Aus-
tralian zoologist Julian Fennessy 

The giraffe is an even-toed ungu-

late, native to the African savanna. 

There are 9 recognized subspecies, 

some of which may be separate species.  

The giraffe is the tallest terrestrial 

animal and the largest ruminant. At a 

full-grown height of 5–6 meters, a giraffe neck may reach 2 

meters, with legs equally long. Despite its long neck, a giraffe 

has the same number of neck bones (7) as most other mam-

mals, albeit much longer. 

Giraffes are especially fond of acacia leaves, which they 

can browse at heights other herbivores cannot reach. Giraffes 

generally like to eat with friends. 

The mouth of a giraffe is extraordinary: thick, prehensile 

lips and a 50 cm prehensile tongue that can deftly grasp a 

branch and pluck away leaves while avoiding intervening 

thorns. Giraffes feed much of the day and often well into the 

night: consuming 34 kilos of leaves, shoots, and vines daily. 

Giraffes are preyed upon by lions. Giraffe calves are sav-

aged by wild dogs, spotted hyenas, and leopards. 

Giraffe eyes are among the largest of land animals. Like 

other ungulates, giraffe have 2 eyelids, to protect and clean 

the eyes. 

Giraffes have excellent trichromatic vision. Eyes are set 

laterally in their heads, providing such wide-angled periph-

eral vision that they can practically look behind themselves. 

This helps maintain herd cohesion and see predators at a dis-

tance. 

Giraffes use visuals and subtle vocalizations to communi-

cate. Staring is a favored form of communication. In spotting 

a predator, a steadfast gaze alerts other giraffes. A mother 

stares at other adults to warn them away from her calf. 
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Giraffes hum to each other at low frequencies using a rich 

vocabulary of notes at distinct durations, creating complex 

acoustic structures.* Most giraffe humming occurs at night, 

when vision fails. 

Giraffes also smell well enough, but a giraffe's height dis-

tances it from the world of scents near the ground, where 

other mammals are immersed. Unlike most other ruminants, 

the giraffe has a dry nose and muzzle. 

Good senses are something of a compensation for an un-

usual cardiovascular system. Being able to spot a predator 

far off saves running away. 

The giraffe heart is 0.05% of body mass; roughly the same 

as a cow or mouse. To pump blood up its long neck, a giraffe's 

heart pumps at 2–5 times the blood pressure of humans, 

beating 2.5 times per second (150 beats per minute). To ac-

commodate the strain, the wall of the giraffe heart is 7.5 cm 

thick. 

Giraffe blood vessels are thick to withstand the pressure 

and prevent leakage in the long passages to the head and 

hooves. Valves in the neck prevent a giraffe from fainting 

from excessive blood flow when it lifts its head from taking a 

drink. 

For such a fast heartbeat, the volume of blood pumped is 

modest. This curtails distance running: the heart cannot de-

liver enough oxygen to power extended exertion. Giraffes can 

run faster than horses for a hundred meters or so. 

A giraffe's patchy coat offers some camouflage by blend-

ing in with the blotches of light and shade in the woods. An 

adult giraffe standing amid trees and shrubs is hard to see 

even a few meters away. While each giraffe has its own indi-

vidual coat pattern, giraffes inherit their spot patterns from 

their mothers. This affords ready family identification. 

The characteristic scent of a giraffe owes to at least 11 

aromatic chemicals in the fur which act as parasite repel-

lents. Males are more odorous than females. There probably 

is some sexual function to a giraffe's scent. 

 
* The giraffe vocal language is not at all understood; little research 

has been done on it. 
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Typical of mammals, adult female giraffes are more gre-

garious than males. Lady giraffes form close friendships that 

can last years. Females provide emotional support for each 

other. 

Social cohesion in giraffe groups of 10–50 individuals is 

partly maintained by bonds between calves. Mothers and 

their young make for the most stable social groups, which 

may last for months.  

Mothers with offspring move and browse together in 

nursery herds. A mother may sometimes leave her calf with 

a friend while she enjoys some time alone foraging. Adult 

males play no role in rearing the young, though they are 

friendly with calves. 

Giraffes have a lifespan of up to 25 years. Few live that 

long. 

Mothers grieve for the loss of their calves to predation. 

There is much to grieve. More than half of all calves are killed 

in their 1st year, even as mothers will valiantly fight for their 

young, with kicks powerful enough to break a lion's jaw. Only 

about 30% of giraffes born survive to adulthood. 

Males have a dominance hierarchy relating to mating 

rights. Bulls generally gain rank with age. 

Into adulthood, the twin cones on the top of a maturing 

bull's head thicken and lose their charming tufts. The middle 

of the forehead grows a bony mass. The neck muscles 

strengthen. A bull's posture becomes more proudly erect. 

Dominance clashes among bulls can be fierce. A male uses 

his massive neck as a sling to slam his head into a rival. This 

can break a rival's neck and may even be lethal. 

A giraffe's neck is instrumental in maintaining balance. 

It assists in moving forward and is necessary in helping a 

giraffe stand up.  

To get off the ground from lying down, a giraffe throws its 

head and neck toward its legs, using the force of momentum 

to bring it onto its stomach. Another throw – this time toward 

the tail – lets a giraffe stand up. 

Like elephants and other large herbivores, bulls have un-

synchronized rutting periods, but for much shorter dura-

tions. Thus, dominance among males is unstable. 
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Young bulls in their first rutting mimic the demeanor of 

their elders: heads held high, females pursued, prodded, and 

female urine sniffed for signs of estrus. Should a dominant 

bull saunter by, a young male drops its poses and tries to 

make itself looks small and innocent. 

 Elephants  

The elephant, not only the largest but the most intelligent of 
animals, provides us with an excellent example. It is faithful and 
tenderly loving to the female of its choice, mating only every 
3rd year and then for no more than 5 days, and so secretly as 
never to be seen, until, on the 6th day, it appears and goes at 
once to wash its whole body in the river, unwilling to return to 
the herd until thus purified. Such good and modest habits are 
an example to husband and wife. ~ French Catholic priest Fran-
cis de Sales 

Elephants are the largest living land 

animal. African bull elephants can be up to 

4 meters high and weigh 10,000 kg or 

more. 

Size is an adaptive challenge. Weight 

goes up by the cube, while the cross-section 

of a bone is related to size by the square.  

Large animals therefore must evolve to 

keep their legs straight under their bodies, such that the 

weight is taken down the length of the bones and not across 

them. In full-grown elephants, the femur is slightly twisted 

to achieve this, with the consequence that elephants walk 

with straight legs, and they cannot gallop. 

The elephant lineage began 58 MYA in Africa, with mam-

mals the size of current-day pigs. From there they spread into 

Asia, eventually colonizing every continent except Australia 

and Antarctica. 

Elephants now live in the savannas, forests, and deserts 

of Africa, as well as in some Asian forests. 3 elephant species 

still exist: the African savanna (bush) elephant, the African 

forest elephant, and the Asian elephant, also known as the 

Indian elephant.  
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Other elephant species, such as the woolly mammoth, 

were hunted by men to extinction. The woolly mammoth was 

more closely related to the Asian elephant than the Africans.  

Elephants are fond of water and are good swimmers. 

They colonized a number of islands. In doing so, they invari-

ably shrank, as is common for island creatures with main-

land ancestors. One reason is the limited supply of food. The 

other is the loss of large predators, thereby relaxing the se-

lective pressure for size. 

Pygmy elephants did not have the twisted femur that is 

characteristic of large elephants. It may be supposed that 

they were friskier animals. But that is uncertain, as all are 

extinct, probably from the predation of men. 

The elephant's only living relatives are manatees, du-

gongs, and hyraxes. None bear much resemblance to ele-

phants. Manatees and dugongs are aquatic cows.  

 Sociality  

Elephants are highly gregarious. At every age, they like 

to fondle and caress one another.  

Newborns nurse until 2 years old. During that time, 

stroking and cuddling between mother and child is nonstop.  

Upbringing is a community affair. Females look after oth-

ers' children (alloparenting). 

Female elephants living in herds of 20 to 100, led by an 

older matriarch. The quality of leadership matters.  

Typical elephant life span is 50 to 70 years. Matriarchs 

60 years or older – tough survivors – are better at assessing 

threats, and having the group respond appropriately. Owing 

to experience, elder elephants are better leaders. 

A seasoned veteran elephant can easily distinguish be-

tween a male or female lion roar. Males pose a greater threat. 

A group with an older matriarch organizes more quickly, and 

moves more assuredly as a united front, marching to chal-

lenge a supposed predator. 

Elephants are migratory. Herd leaders choose routes 

from memory, considering the terrain, changes of seasons, 

rain patterns, and the best water holes along the way.  
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Experienced elephant leaders know when to lead and 

when to let events naturally flow. A senior leader may not be 

at the front of the group in the morning walk to the water-

hole, but others pay attention to her for cues: where she goes, 

and how she reacts. 

Females stay with their natal group for life, developing 

strong social bonds. The social structure of elephant groups 

is dynamic. But one thing is certain. Behaviors that show dis-

respect to the leadership are punished via ostracism. There 

is a hierarchy of social power in elephant society. Elephant 

social rank is commonly hereditary: a daughter inheriting 

her mother's social position. 

When a young male reaches sexual maturity, he is told to 

go find his way. He roams until he can ally himself with other 

bachelor bulls his own age.  

The mating season is short; only a few days a year. The 

funk of a cow attracts bulls, but she might also call out for a 

hot time.  

Females prefer, larger, stronger, and older males. Such 

selection tends to improve an offspring's survival chances. 

As females are generally faster than males, a cow can run 

from an unwelcome approach. Courtship involves affection-

ate foreplay by both, including nuzzling, trunk intertwining, 

and elephant French kissing: putting their trunks in each 

other's mouths. 

Mating is a short fling, but cows and bulls both commonly 

engage in same-sex bonding and mounting. Almost half of all 

elephant sexual encounters are homosexual. 

Older males are generally solitary: foraging and traveling 

alone for much of the time. Besides mating, older males are 

welcomed by females on their occasional social visits. 

 Senses  

Elephants are extremely tactile. Besides touch, their ol-

factory and auditory senses are most significant. 

Elephants produce low-frequency sounds: from 5–9,000 

Hz. Low frequencies are the best long-distance travelers. 

Hence, elephants can communicate many kilometers apart. 
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Elephants have a keen sense of smell. Their nasal cavity 

has 7 turbinates, compared to 5 in dogs, and 4 in humans. 

Elephants' sense of smell is 5 times more acute than people, 

twice that of dogs, and even better than rats. If they smell 

something unseen amid leaf litter, they use their trunks as 

leaf blowers to reveal what is underneath. 

Elephants are dichromats, enabling them to detect the 

quality of plant parts. Their eyesight is thought to be good in 

dull light, but considerably reduced in bright light. 

 Diet  

Although sauropod dinosaurs somehow managed to get 

enough to eat with small heads, endotherms that feed in bulk 

on small food items need to have mouths somewhat in 

proportion to their bodies. Thus, large mammals – hippos, 

baleen whales, and elephants – have sizable mouths. 

One way of taking in an ample mouthful is to sweep food 

up and stuff it in. This is basically how an elephant feeds: 

using its trunk. 

An elephant's huge metabolism requires it be constantly 

eating. This owes in large part to the fact that elephants are 

hind-gut fermenters, which means that they do not get as 

much goodness out of their food as other mammals that chew 

their cud.  

An adult elephant consumes 45 tonnes of vegetation an-

nually, in a wide variety. It may spend 15 to 19 hours a day 

feeding. 

Despite the need for volume, elephants are picky eaters: 

selectively choosing plants species and specific parts. Ele-

phants know which plants make for a healthy diet and which 

to avoid because of their secondary metabolites. 

While an elephant attack is a temporary setback to the 

victimized plant, it often has a longer-term beneficial effect. 

Such pruning inspires the plant to thicken as it fills in again.  

The voluminous consumption patterns of elephants can 

take so much of a toll on their favored vegetation that it can 

affect the composition of plants in the immediate area, as ig-
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nored plants gain an advantage. That disadvantage to ele-

phant-chosen plants has a compensating offset in elephant 

digestion. 

An elephant's digestive system, although overworked, is 

not especially efficient. An elephant digests 44% of its hay 

intake compared to 50–70% for a cow. Unlike cattle, ele-

phants cannot digest cellulose. A lot of weeds and seeds pass 

through an elephant unscathed.  

Thus, elephants propagate the plants they enjoy the 

most. This expands those plants' ranges. In Africa, at least 

30 tree species rely upon elephants for seed dispersal.  

So, despite massive appetites and all the wear on the veg-

etation, elephants are a keystone species, especially for 

plants. They are also instrumental to other animals, in at 

least clearing good travel routes. 

To acquire a healthy microbe supply, infants eat their 

mothers' dung. Whether this is innate or taught is not 

known. 

 The Trunk  

The elephant's trunk is one of the most eccentric organs 

in the animal kingdom, and certainly the most versatile. It is 

a radical elongation of the nose and upper lip, which in an 

adult may reach 2 meters. 2 nostrils run a trunk's full length, 

so that food edibility may be checked by scent. Elephants 

breathe through their trunks.  

When swimming, the trunk is a terrific snorkel. Of all 

land animals, elephants are the most powerful swimmer; not 

what one might expect of such a massive animal with mobil-

ity limitations on land. Their legs bend well for swimming, 

and their feet pads splay out to paddle. 

An elephant drinks by filling its trunk with water, and 

then pours the water into its mouth. A trunk can hold up to 

14 liters of water.  

Breathing water through the trunk incites the same 

cough reflex that humans encounter when breathing water. 

An African elephant's trunk has 2 opposing tips, analo-

gous to the human thumb and forefinger. Asian elephants 

make do with a single tip. 
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One of the first things a newborn must learn is how to use 

its trunk. Infants nurse through their mouth. The rubbery, 

30 cm dangling object is in the way. An infant flops its trunk 

back onto its forehead to suckle. 

It takes 6 to 8 months for a baby elephant to learn to con-

trol its trunk. The problem is like a human infant learning to 

use its hands. The difference is that an elephant's trunk has 

at least 150,000 muscle fascicles (bundles) in 6 major muscle 

groups, whereas the human hand has 34 muscles that move 

the fingers and thumb: 17 in the palm and 18 in the forearm. 

The primary function of the prehensile trunk is to harvest 

food. For 16 to 18 hours each day, elephants are on the move, 

feeding and foraging. 

With foraging eating up their schedules, elephants sleep 

only 3 to 6 hours a day. How elephants and other large her-

bivores get by on so little sleep is not understood. 

The trunk also acts as an olfactory organ. The trunk can 

function as an olfactory periscope, letting elephants smell one 

another from kilometers away: an astonishing sensitivity. 

An elephant easily picks up and carries things in its 

trunk. A mother will pick up and whisk her infant away in 

an emergency. Elephants break off tree branches or pick 

them up to wave away pesky biting flies.  

An adult elephant's trunk is strong enough to lift 200–

270 kg, and precise enough to pluck a single blade of grass. 

Its trunk is an elephant's most sensitive body part. 

To see off an unwanted approach, an elephant will kick 

dirt at the intruder, or flail at it with its trunk if it comes too 

close. But the trunk is to be protected. An angry elephant 

about to charge first curls its trunk in toward its body. An 

elephant cannot survive its trunk being damaged. 

The trunk plays a major role in social interactions. Ele-

phant friends greet each other by entwining trunks. Trunks 

caress during courtship, and in mother-child fondling. Chil-

dren play-wrestle with their trunks. 

A raised trunk can be a warning or threat. A lowered 

trunk may be a signal of submission. 
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 Teeth  

An elephant's dentition and teeth are like no other ani-

mal. All elephants have 26 teeth: 2 upper incisors (tusks), 12 

premolars, and 12 molars. 

Elephant teeth work by forward-backward grinding, re-

ducing plant matter to pulp. Other animals chew side to side. 

Ridges of their teeth run the long way. Elephant tooth ridges 

instead run the width of the tooth. 

In most animals, teeth grow from the top and bottom of 

the mouth. In elephants, teeth grow from the back and push 

forward. The only other animal with such migrating teeth is 

the manatee (an evolutionary relative). 

As an elephant's 1st set of molars grind along, a 2nd set 

of 4 slightly larger molars grow in behind the 1st. Before the 

1st set have been ground to a nub, ready to fall out, the next 

set are in position. 

By the age of 40–50, an elephant has its 6th and last set 

of teeth. Gradually these last teeth grind away their ridges, 

becoming smooth. This forces an elephant to leave the herd 

and seek softer vegetation that grows along the edges of riv-

ers and swamps. 

 Tusks  

Tusks are an elephant's upper incisors. Tusks are found 

mostly on Asian males, and on African elephants of both 

sexes. 

Tusks grow continuously. An adult male's tusk may grow 

18 cm each year. 

Some elephants have overgrown incisors far shorter than 

tusks, comprising softer ivory; sometimes referred to as 

tushes. Tuskless males occasionally occur in Asian and Afri-

can elephants. 

Tusks are used to dig, typically for water or roots. Tusks 

debark trees, to harvest bark to eat. Tusks dig into baobab 

trees to get at the tasty pulp within. Tusks help move trees 

and branches when clearing a path. If necessary, a tusk may 

be used as a weapon. 
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Like the handedness of humans, elephants typically pre-

fer a specific tusk. The master tusk is somewhat shorter, and 

its tip more rounded from wear. 

 

Elephants care for their skin: spraying it with water as a 

shower or packing mud on it as a sunscreen. Besides being 

essential for hygiene and skin care, bathing is pleasurable. 

While an elephant's skin is thick and tough, it is also sensi-

tive. 

Wet dust or mud packs trap parasites and biting insects. 

Elephants rub the mud pack against a hard surface, remov-

ing most parasites. 

Elephants use their ears as fans in the hot Sun. Ele-

phants waggle their ears to communicate.  

 Communication  

Besides various gestures, elephants have a wide range of 

audible communication techniques: screams, trumpeting, 

and low-frequency oral rumbles that are heard by other ele-

phants through their trunks and feet, as well as ears.  

Despite elephants' ability to speak in tones lower than 

humans can hear (14–30 hertz), elephant vocalizations are 

produced in the same way as humans: by vibrating vocal 

cords.  

Rumbles can be heard for many kilometers: up to 50 km 

for savanna elephants. A rumble goes through both the air 

and the ground, extending the range. Elephant identify 

themselves by a rumble name. 

Elephants are not the only species to use infrasound. 

Squid, whales, alligators, lions, rhinoceros, giraffes, and 

some birds also use low-frequency communication. Some 

hear through the air or water (for whales), while others de-

tect a communication rumble seismically. 

Watering holes are refreshing and a welcome respite. 

Getting a group to leave takes persuasion. The matriarch of 

the family lets out a "let's go" rumble, from which a conver-

sation among the group ensues.  
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The departure conversation coordinates the exodus and 

tells other family groups not to approach the watering hole 

until they are gone, to avoid unwelcome mass chaos.  

Elephants can mimic sounds and learn new vocabulary. 

An African elephant spent 18 years at a Swiss zoo with 2 

Asian elephants. The African learned to make the chirpy 

sounds native to the language of his Asian companions but 

not used among African elephants. 

 Koshik  

Koshik was a juvenile elephant imprisoned in solitary 

confinement in a South Korean zoo during his developmental 

years. The only social contact Koshik had was his keepers. 

So, to engender social affiliation, Koshik learned to speak the 

5 words of Korean which he repeatedly heard: "hello", "no", 

"good", "sit down", and "lie down." Koshik managed to adeptly 

imitate the human voice by sticking his trunk in his mouth 

while talking.  

An elephant's large larynx is adapted to produce low-

pitched sounds. Koshik figured out how to modify his voice to 

match the pitch and timbre he heard. 

Stockholm syndrome is a psychological phenomenon 

where hostages emotionally accept their captors and implic-

itly condone their own capture. One-quarter of kidnap vic-

tims show Stockholm syndrome.  

 Psychology  

Despite their majestic and for some strange reason docile and 
kindly appearance, elephants are really very dangerous crea-
tures. They know their strength, but they don't use it aggres-
sively, and they abhor fighting or physical violence of any kind. 
Most of them show noticeable signs of revulsion to bloodshed 
or death in any form and display distress in face of these things. 

Elephants are exceedingly intelligent. They have a form of in-
telligence which manifests itself in many ways very much like 
our own. ~ Scottish biologist Ivan Sanderson 

Elephants express joy, grief, can create music and art, 

and display altruism and compassion. They help each other, 

such as pulling out youngsters mired in mud, and assisting 
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injured members of the herd. Elephants console those in dis-

tress.  

Elephants understand the value of teamwork. Research-

ers concocted an experiment that required teamwork to 

achieve a reward. The elephants quickly grasped the neces-

sity of cooperation: waiting for help, and not even trying if 

help was not forthcoming. 

Elephants grieve and mourn their dead. They often kick 

or dump dirt on a corpse, or drape branches, leaves, or grass 

on the dead. Elephants have been seen giving such burying 

gestures to other animals as well. Elephants visit the graves 

of their departed loved ones, touching and exploring the 

bones in sadness. 

Captured elephants tied up may lie motionless, consumed 

with grief, or sink to the ground and cry, tears running down 

their cheeks.  

Elephants are naturally inquisitive and exploratory. 

They understand gestures, such as pointing, without any 

training.  

One captive elephant with musical inclinations was given 

a harmonica. Captivated, she enjoyed playing it immensely. 

It's not usually a long ditty, but it always ends in this really 
big sort of fanfare at the end. ~ American elephant keeper Deb-
bie Flinkman 

Elephants have learned that humans may be a threat to 

them. They can discriminate between children and grown-

ups, between men and women, and between speakers of dif-

ferent languages.  

Elephants recognize men from a tribe that hunt ele-

phants from children or women, and from men of another 

tribe which speak a different language and do no hunt ele-

phants. Men who speak the language of known hunters are 

considered an especial threat. Elephants have specific alarm 

calls to identify the specific perceived threat, and how immi-

nent it is.  

Elephants employ tools as needed. Personal grooming ap-

pliances are popular, for scratching and removing ticks. One 

elephant was observed throwing mud at a rhino over access 

to a watering hole.  
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If water is scarce, an elephant may dig a narrow hole in 

search of a thirst-quenching drink. They somehow know 

where to dig. Upon finding water and drinking to satisfac-

tion, an elephant may cover the hole to preclude other ani-

mals from it.  

Elephants learn from one another. Elders are especially 

diligent to hand down their knowledge to their successors. 

Elephants teach their young tool use and beauty tips. 

Humans tend to suffer a cognitive decline with age, but 

that has not been apparent to researchers observing ele-

phants. 

 In the Mirror  

Elephants recognize themselves in a mirror. Elephants 

learn to use a mirror in the same way that people do: in a 4-

step process. 1st, initial responses are as if to another ele-

phant. Then, inspect the mirror, including looking behind it, 

as perhaps the mirror is some sort of glass. Stage 3 is exper-

imentation in front of the mirror, with poses and gestures, to 

verify how the mirror reflects images. Finally, the concept of 

mirroring comprehended, check out those body parts that 

can't otherwise be seen. 

Once understood, an elephant knows how to make use of 

a mirror if the opportunity arises. Researchers blocked the 

view of a tasty fruit, hiding it on a shelf behind a wall. An 

angled mirror above the wall showed the fruit on the shelf. A 

mirror-savvy elephant looks at the situation and plucks the 

fruit off the shelf using the mirror as a guide.* 

 Marine Mammals  

Marine mammals came a long way down the evolutionary 

pike before turning back to the sea.  

The Cretaceous extinction event 66 MYA removed many of 

the large predators from the oceans. Sharks alone remained. 

 
* It took different sets of researchers decades, from 1983 to 2008, to 

devise an experiment that satisfied them that elephants pos-

sessed mirror self-recognition. 
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Sea level was high. Many continental shelves were 

flooded. There were many shallow seas and lagoons. 

Thus, conditions offered easy opportunities for adapta-

tion to aquatic life. The potential of nutritious riches beck-

oned quite a few mammal clades, from rodents to ungulates.  

50 MYA, even-toed ungulates from India took to the wa-

ters. Over a period of 15 million years, they became the ma-

rine mammals known as cetaceans, which includes whales, 

dolphins, and porpoises. All cetaceans breathe air. Cetacea's 

closest living terrestrial relatives are even-toed ungulates, 

such as deer and the hippopotamus. 

Opportunities for a liquid lifestyle are ongoing. 2 rat spe-

cies in the Congo and Ecuador respectively are in the early 

stages of adapting to an aquatic existence. Changes in fur 

and feet are evident. Yet their heritage is still quite apparent. 

Marine mammals are gregarious and impressively intel-

ligent. The freedom of the seas has often heightened the joys 

of conspecific company, most apparently for cetaceans.  

Aquatic life makes different demands than on land. The 

mammals that returned to the ocean brought with them na-

tive intelligence that was furthered by their aquatic conver-

sion. 

 Captivity  

Visitors to commercial oceanariums can only be im-

pressed by the easily learned tricks that humans have forced 

upon otters, seals, dolphins, and whales to perform. What vis-

itors do not see is the toll that imprisonment takes on the 

inmates of an oceanarium.  

Marine mammals consistently have a high death rate in 

captivity from sensory and social depravation, and from emo-

tional depression. In the wild, an orca easily roams 200 kilo-

meters a day with family and friends. In a tank, an orca is 

lucky to travel 90 meters, with another prisoner or 2 in the 

cell-tank. In the wild, male orca whales live 50–60 years; fe-

males 80–90.  

At Sea World in San Diego, which has the best track rec-

ord of keeing marine mammals alive, an orca might last 6 
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years or less. The record goes to a female captured at 3 years 

old, lasting 15 years in captivity before succumbing.  

It is not unusual for imprisoned orcas to commit suicide 

by ramming themselves against their concrete enclosures. 

Infants born in captivity typically die within months. 

 Sea Otters  

Sea otters are the smallest of the marine mammals. They 

are related to weasels.  

Sea otters can walk on land but are quite capable of living 

exclusively at sea; even giving birth there. 

Sea otters live in north Pacific coastal waters 15–23 me-

ters deep, usually within a kilometer of shore. They avoid ar-

eas with severe ocean winds. Sea otters prefer areas with a 

soft seabed that harbors edible fare. 

Sea otters have webbed front paws with retractable 

claws. Their powerful webbed feet function like flippers.  

Sea otters are the only marine mammal capable of lifting 

and turning over rocks on the seabed; a common practice in 

searching for prey. Sea otters are also the only marine mam-

mal to catch fish with forepaws rather than between the 

jaws. 

Sea otter lung capacity is twice that of any comparable 

land mammal, letting them dive deep: up to 55 meters. 

Not all sea otter's terrestrial habits washed away by go-

ing to sea. They are still territorial during breeding season: 

from spring to a peak in autumn. Off the California coast, 

adult males defend patches of kelp forest. To prevent being 

carried by currents away from his territory while snoozing, a 

sea otter wraps himself around the end of a kelp strap to an-

chor himself, then puts his paws over his eyes and goes to 

sleep. 

Whereas sea otters forage alone, they like to rest together 

in single-sex groups, termed rafts. A raft may comprise 10–

100 sea otters. Male rafts tend to be larger than female ones. 

During breeding season, adult males patrol the bounda-

ries of their territories to exclude other males. A sense of ci-

vility prevails. Fighting is rare. 
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Adult females, which outnumber males by 5 to 1, move 

freely among male territories, choosing their mates. Males 

without their own patch of kelp congregate in large rafts and 

swim through areas with females seeking a mate. 

Sea otters are polygynous, though temporary pair bond-

ing occurs between a female in heat and her mate. 

Females may practice embryonic diapause: delaying im-

plantation of the embryo in the uterus. The embryo remains 

dormant until implanted. Pregnancy lasts 4 months. 

Females almost always birth a single pup. Twins occur 

2% of the time, in which case only 1 survives. Sea otters typ-

ically breed every year. 

Sea otters are vocal. The cry of a pup is similar to a sea-

gull. Females coo when content. Males grunt. Frightened or 

distressed sea otters hiss, whistle, or, in the extreme, scream. 

Sea otters are playful and sociable, yet they spend much 

of their time alone. An adult can care for itself in foraging, 

grooming, and defense. 

Sea otters spend a good part of their day hunting for food. 

Of the 100 or so different prey that sea otters eat, individuals 

have their own favorite foods. 

Sea otters pluck snails and other snacks from kelp. They 

burrow into underwater mud for clams. 

A sea otter dives to the ocean floor and grabs a sea urchin 

or mollusk. She then finds a good rock, tucking it under her 

arm. Otter armpits are fleshy and pouchlike, a natural 

toolbox. Holding lunch in its mouth, the otter comes to sur-

face. Floating on its back, the otter places the rock on her 

stomach, and smashes the meal-to-be against it. 

Not being a bivalve that needs opening, abalones are 

ready-to-eat, other than tenaciously clinging to their home 

rock. A sea otter will get an abalone for takeout by 

hammering at the abalone's attachment point with a suitable 

rock until it comes free. Sea otters retain their favorite tools 

for reuse later. 

In keeping the populations of benthic herbivores in check, 

sea otters affect their ecosystem in an outsized way. They are 

keystone species for preventing loss of habitat by kelp eaters, 

such as sea urchins. North Pacific coast areas bereft of sea 
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otters become urchin barrens: a surfeit of sea urchins graze 

local kelp forests out of existence. 

Sea otter culling of mussels liberates space for species 

that otherwise would be out-competed. Thus, sea otters pro-

mote biodiversity. 

Few animals prey upon sea otters, owing to their pungent 

scent glands, which many predators find distasteful. Orca 

and sea lions do eat sea otters. Great white sharks are known 

to take lethal chunks out of sea otters, though there is no ev-

idence that these sharks consider sea otters palatable enough 

to eat. 

Sea otters have the thickest fur of any mammal: 10 times 

the density of that on a human's head. That has made their 

fur valuable to more than themselves. As with so many furry 

animals, particularly the smaller ones, predation by humans 

decimated sea otter populations. By the turn of the 20th cen-

tury they were near extinction. Only belated legal prohibi-

tions saved them. The slaughter of sea otters resulted in 

urchin barrens along the California coast. 

 Dolphins  

Man had always assumed that he was more intelligent than 
dolphins because he had achieved so much – the wheel, New 
York, wars, and so on – while all the dolphins had ever done 
was muck about in the water having a good time. But con-
versely, the dolphins had always believed that they were far 
more intelligent than man – for precisely the same reasons.  
~ English writer Douglas Adams 

Dolphins descended 50 MYA from terrestrial hoofed mam-

mals. In the 20th century there were nearly 40 species in the 

dolphin family across 17 genera. Most species live in partic-

ular ocean regions; 5 are river dolphins. 

The size range in the dolphin family is considerable. An 

adult popoto may be 1.2 m, 40 kg. An orca whale grows to 9.5 

m, 10 tonnes. 

Everything about a dolphin’s graceful body is designed for 

fast swimming with minimal energy: perfect for pursuing 

prey. While the well-known bottlenose dolphin has a top 

speed of 30 km per hour, spotted dolphins go up to 40 km/h, 
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with some of the swiftest are able to sprint at 50 km/h. How 

exactly dolphins can swim so fast remains a mystery, though 

it is, of course, a confluence of traits that provide sleek design 

and economical propulsion. 

Dolphins can dive to 300 meters and stay down for 5 or 6 

minutes, then surface quickly without getting the bends (dis-

solved gases in tissues at depth, which can create painful air 

bubbles when surfacing quickly). 

Dolphins are an aquatic analogue of human life, albeit 

adroitly living in an aquatic world whereas mankind has only 

despoiled Nature. The ancient Greeks recognized the quali-

ties of dolphin intelligence and sociality. Dolphins were held 

in high esteem, often featured in frescos, pottery, and coins. 

Killing a dolphin was punishable by death. 

 Intelligence Physiology  

Oceanic dolphins have senses of vision, hearing, taste, 

and touch, but seemingly no sense of smell, as they lack a 

physical olfactory system beyond the fetal stage. Smell isn't 

useful to an air-breathing mammal spending most of its time 

underwater, with no need to sniff the air. That said, taste 

typically relies upon smell, so perhaps dolphins smell within 

the context of taste. Not much is known about the dolphin 

sense of taste except that individual dolphins have prefer-

ences for certain foods, indicating a fine sense of taste. 

Dolphin senses are generally quite keen. Dolphins have 

rather excellent eyesight, both above and below water. Their 

lens and cornea instantly adjust between water and air. They 

see almost 360° around them, with a narrow range of high-

quality binocular depth perception directly in front, and a 

small blind spot directly behind. 

In their descent dolphins acquired 2 senses suited to their 

adopted habitat: echolocation and magnetic-field detection. 

Echolocation provides an accurate means for detecting ob-

jects when out of view. Magnetic-field detection facilitates 

orientation on a scale of thousands of miles. The dolphin 

mind thus incorporates a confluence of senses into a "vision" 

for which there is no human equivalent. 
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Dolphins in the northern hemisphere tend to idly swim in 

anticlockwise circles, whereas dolphins in the southern hem-

isphere saunter-swim clockwise. It is likely that dolphins 

sense the Coriolis force, caused by the Earth's rotation and 

the inertia of the mass experiencing the effect. That would be 

impressive, as the Coriolis effect is quite small, as Earth com-

pletely rotates but once a day. The effect would only be no-

ticeable as a subtle motion over a long distance and time. 

Dolphins idly swim against the Coriolis force. 

The dolphin brain has 2 hemispheres, like the human 

brain, but the dolphin brain has 4 lobes to 3 for a person. The 

4th brain lobe processes sensory input, whereas human sen-

sory processing is split hemispherically.  

Dolphin brain architecture may facilitate faster mental 

uptake, and complex assessment beyond human ability, es-

pecially considering the nature of sensory input.  

Dolphins' early brain mass to body weight ratio exceeds 

humans. Humans catch up at 3 to 4 years of age, but dolphins 

retain a larger brain mass than humans throughout life. The 

neocortex of the dolphin brain has more convolution than hu-

mans.  

Dolphins employ differentiated processing in their brain 

hemispheres, as each hemisphere has a separate blood sup-

ply, something exclusive to dolphins. Dolphins can inde-

pendently move their eyes. Half of their brain sleeps at a 

time, so they can swim while they snooze. 

 Intelligence  

To say that dolphins are highly intelligent is understate-

ment. Dolphins show a capacity for symbolic logic, including 

applied mathematics. Dolphins comprehend contextual syn-

tax: that specific sequences may have different meanings for 

the same linguistic elements. 

Dolphins learn the names of many objects, people, and 

understand symbolic reference to objects not present, and 

communicate this information. Trained dolphins understand 

gestural commands to repeat actions in terms of objects or 

locations, as well as abstract commands, such as to "do some-

thing new and different."  
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Dolphins readily pick up tool tricks, and rather easily 

learn complicated gymnastics. A captive dolphin used a bro-

ken tile to scrape seaweed from the tank bottom, imitating a 

diver who had cleaned the tank using a vacuum hose. A 2nd 

dolphin then copied the 1st dolphin in the same maneuver. 

Dolphins will toss seashells and other objects during play. 

Adult males sometimes throw things to attract the attention 

of a female.  

Dolphins have a beak-like projection from their heads 

called a rostrum. The rostrum is sensitive, and, like human 

skin, can be scarred. Dolphins nuzzle each other using their 

rostrum. 

Dolphins are savvy fishers, using a variety of stratagems. 

They can also be vigorous diggers, burrowing as deep as their 

pectoral fins on their backs, in search of tasty crustaceans or 

bottom-dwelling fish.  

While digging on the seabed, a dolphin might encounter 

a stinging fish or cut its rostrum on buried sharp coral. So, 

before digging, a dolphin finds a suitably sized sponge, and 

puts it on its rostrum to act as a protective cushion against 

abrasion. Dolphin mothers teach their daughters to sponge 

before digging.  

Dolphins and whales create bubble nets to catch prey: 

herding a school of fish into a tighter ball by the diversionary 

tactic of laying sheets of bubbles, as a feint to cause confusion 

and fear. Humpback whales are also known to use various 

bubble pattern techniques, including curtains, clouds, and 

cylinders as well as nets. Different tactics are culturally 

transmitted among groups. 

Dolphins have a great capacity for imitation. Captive dol-

phins imitate the sounds found in their environment and the 

motions of the people which they observe.  

A dolphin recognizes itself when looking in a mirror. Like 

people, dolphins use a mirror to examine themselves, noting 

marks on their bodies. As with elephants, it took researchers 

considerable trial and error to devise an experiment that con-

vinced them that dolphins had mirror-test self-awareness. 
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 Sociality  

The social structure and associated behavior of dolphins is 
unique in the animal kingdom. ~ zoologist Michael Krützen 

Dolphins are exceedingly gregarious, forming circles of 

friends. While dolphins typically swim in pods of 2 to over a 

dozen, they sometimes merge pods into large groups, and 

then split off again after minutes or hours, sometimes with 

different members in different pods. Group sizes are fluid, 

corresponding with food availability and relative safety from 

predators.  

Though both sexes are highly social, male and female dol-

phins have different social mores. Females and their calves 

form bonds of affection that last a lifetime. Young females 

may return to their natal group, to their mother and other 

relatives, to rear their calves.  

Males form alliance and coalitions: cooperating in group 

defense and employing numerous feeding strategies that re-

quire orchestrated behavior for successful fishing.  

Adult males have long-lasting best friends. Adult males 

and females consort briefly for breeding only. 

Dolphins carry on conversations with one another: talk-

ing using a variety of vocalizations, combined with a wide 

range of subtle body language. Dolphins have a "signature 

whistle" that is its name. Young dolphins learn their family's 

signature whistles and adopt portions of it to individually 

identify themselves. The signature whistle thus comprises 

both an individual name and a family name (surname).  

While females coin their own name, a male commonly 

adopts his mother's signature. As males leave their natal 

group, this naming convention allows brothers of different 

ages to readily recognize each other as close kin. 

Dolphins' musical skills become more sophisticated as 

they age; which is to say that dolphins become better conver-

sationalists as they get older. 

When dolphin groups meet up that know each other. One 

dolphin of each group takes the lead and exchanges signature 

whistles. After some conversation, the groups are likely to 

merge for a while and renew acquaintances.  
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Dolphins learn to copy each other's signature whistle so 

they can talk about another dolphin who may not be there. 

To get another's attention, a dolphin will call by name. 

A dolphin can read another dolphin’s emotional state. 

Their range of senses facilitates this. Echolocation allows a 

dolphin to sense another’s heart rate.  

The way that a dolphin approaches another conveys a 

message. Coming on from the front or side, especially accom-

panied by a loud call, is an act of aggression. An approach 

from an oblique angle is much less threatening. 

Tail slaps from a female tells an amorous male that she 

is not interested. A tail slap at the surface when upside down 

indicates extreme annoyance. Youngling minders herd their 

juvenile charges together using tail slaps. 

Dolphins sometimes swim in tight formations, watching 

their neighbors to the side and behind. A head turn from one 

in the back steers companions in the specified direction. 

Dolphin socializing is not done at a distance. Tactile sen-

sation is important.  

A mother and her infant will swim along with frequently 

fleeting touches of pectoral flippers. A mother may summon 

her child for a rub simply by rapidly rotating her flippers. 

2 adults touch flippers when they meet. Friends may 

swim together with one resting a flipper on the other. Be-

tween adults, most touches and rubs are between dolphins of 

the same sex. 

Bottlenose dolphins are the bonobos of the sea: sex is a 

prolific expression of affection. Bottlenose copulate for sheer 

enjoyment. Females like sex even when they are not fertile. 

"Rostrum rides" are always pleasurable. One dolphin 

places its beak into the genital slit of its partner, then pushes 

forward while emitting stimulating sonar clicks. 

The genitals of both male and female dolphins are re-

cessed behind genital slits. Females can be recognized by 

mammary slits on either side of their genital slit. 

A bottlenose mother may have melon-to-genital contact 

with her offspring. A dolphin's melon is the hump just behind 

its rostrum. 
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Dolphins demonstrate empathy, especially toward those 

of their kind, but also to other species. Stories abound of dol-

phins helping hapless humans in the water. 

Dolphin society is not all chat and compassion. Dolphins 

establish dominance hierarchies. Males are dominant to fe-

males.  

Female social standing is a matter of seniority. Older fe-

males and their calves occupy the center of a group, with 

younger, less dominant females relegated toward the periph-

ery. 

As with many mammal species, males are more overtly 

aggressive. Though unusual, a challenging male dolphin may 

fight so violently as to kill his rival. 

Battle scars on the skin are badges of victories. The more 

scarred a male is, the less likely he is to be challenged to a 

fight. A scarred male is more attractive to a female as some-

one who has shown his mettle. 

Some dolphin groups mix socially with other species. Bot-

tlenose dolphins have been seen consorting with humpback 

dolphins, gray whales, right whales, and sperm whales. 

These associations typically tend to be brief: lasting but a few 

days. But some are enduring, lasting for years. 

Sharks and dolphins are commonly competitors: living off 

the same prey. Relations between the two are typically re-

spectful, though size matters. A large shark might make a 

meal of a smaller dolphin. Orcas also have a taste for dolphin 

meat.  

Conversely, a group of humpback dolphins were observed 

chasing away a 5-meter great white shark off the coast of 

South Africa. Dolphins readily see off small sharks that come 

too close. 

Sometimes common cause can be found. Pods of pilot 

whales have been seen off Hawaii, traveling with oceanic 

whitetip sharks. Whitetip sharks are aggressive but typically 

slow-moving, albeit well known for their "feeding frenzy" be-

havior. 

The two species are similarly sized: close enough to en-

sure mutual respect. Whitetips typically run to 3 meters, 

while adult pilot whales are 5.5–6.5 meters. (Males are a me-

ter longer than females.) 
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 Orcas  

Orca, often mistakenly called killer whales, are actually 

oceanic dolphins. Populations typically comprise stable mat-

rilineal family groups, termed pods. Orcas are gregarious. 

Female orcas hit menopause around 40. Besides humans 

and elephants, orcas are one of the few mammals that live 

long past their reproductive years. 

Like elephants, orca groups are led by postmenopausal 

females. Their well-steeped wisdom is appreciated. 

Adult male orcas, one of nature's most effective killers, 

are mama's boys at heart: they fare much better when mom 

is with them. Those whose mother dies are 14 times more 

likely to perish within a year of mom's demise. The probable 

reason is that they love their mothers so much that, for some, 

the grief of loss is too much to bear. 

Both sons and daughters stay with their mothers into 

adulthood; a closeness unusual for mammals.  

Orcas have striking patterns of black and white. Their 

back side is black, while their belly is striped white with 

black on the sides and gray saddle patches. They also have 

white eye blazes. The patterned coloration has various ad-

vantages. For one, it may make an orca less recognizable as 

it moves in for a kill. 

Countershading is a common camouflage in many marine 

species. An object of uniform hue under sunlit skies looks 

lighter dorsally and darker ventrally. Reversing that pattern 

lets an animal shed shadows and fade into its surroundings.  

The lighter surface with striping also tends to blend when 

viewed from below. The dark top side merges with the ocean 

depths when viewed from above. 

The flashy patches break up an otherwise predictable 

contour of an approaching predator. All told, if not camou-

flaged, the patterning provokes uncertainty as to what is ap-

proaching. 

The bodily patterns, particularly the striking eye patches, 

facilitate social behaviors, such as being able to readily see 

each other, for traveling and attacking in formation.  

More generally, the overall patterning provides a means 

for visual signaling by body gestures. Males and females have 
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different patterning in the genital area which renders the 

sexes visually distinct. The differences may be significant in 

courtship and mating.  

Orca courtship behaviors are elaborate. They include 

chasing and splashing, gentle nudging and stroking, visible 

male erections, and loud percussive fluke and flipper slap-

ping. For all that, mating takes place quickly between orcas 

in different pods. 

The heads and faces of orcas are so contoured for a 

streamlined life underwater that they are expressionless. 

But orcas possess an impressive repertoire of ways to convey 

their feelings.  

Communication is facilitated by orcas having keen eye-

sight and hearing, adapted for their undersea living condi-

tions. Orca employment of echolocation, along with sight and 

hearing, provide rich mental images. Orca sense of touch is 

also exquisite. 

Postures and gestures tell much: the direction an orca 

faces, its mouth movements, the shape of its body. Arching 

its back and assuming an S-shaped posture, which exagger-

ates its body size, is a threat display. 

A dominant orca typically glances at a subordinate before 

quickly looking away. Subordinate orcas are more likely to 

stare. 

The whites of orca eyes redden with aggression. Other ex-

pressions can be read in their eyes. 

Orcas lack vocal cords yet they can produce an astonish-

ing variety of sounds: from clicks to whistles to squawks to 

siren squeals. Pitch, volume, and timbre vary to convey nu-

ances and import. Orca voices are individually identifiable. 

All orca sounds are produced via a labyrinth of nasal pas-

sages under the blowhole. Orcas uses recycled air to vocalize; 

hence no bubbles when an orca speaks. 

Provincial orcas speak in the pod dialect learned from 

mother. Transient orcas live in groups with varying member-

ship from time to time. Their language is more in a state of 

flux, though the entire population shares a fairly uniform vo-

cabulary. 

Orcas are an apex predator, as they lack any natural 

predators. They commonly hunt in groups. Orca hunting 
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techniques and vocalizations are typically group-specific and 

passed down from one generation to the next.  

Transient orcas hunt wary prey, such sea otters, seals, 

and sea lions. Their hunting requires stealth, and so their 

conversations on the job are sparse. Transients talk less 

when foraging than fish-eating locals, who can chat between 

bites. 

Orca mothers have been spotted teaching their children 

how to beach themselves and then escape on the next wave. 

This skill can let an orca snag something near the shoreline, 

such as a baby sea otter. 

As with other cetaceans, orca culture is rich. Besides 

behaviors learned through imitation, such as various 

hunting techniques, an obvious display of culture comes in 

their local vocal dialects.  

 Sea Lion Slam  

In the polar regions, orca happily hunt a solitary sea lion 

they find on a small ice flow. It makes an excellent meal, but 

the catch is tricky. The sea lion's sharp bite is to be assidu-

ously avoided. 

Several in the orca group simultaneously slap their tails 

in the water on one side of the floating ice where the sea lion 

lies, creating a force wave which rocks the ice flow. It can be 

enough to make the sea lion slip off the ice and into the water. 

The sea lion panics and struggles to regain the relative 

safety of the ice shelf. While in the water, orcas take turns in 

quick succession ramming the sea lion from the back side, or 

bite at its tail end. They may blow bubbles about the seal to 

confuse it. 

If a secure purchase can be made on the sea lion's tail, an 

orca might fling it in the air and slam the sea lion against the 

water. Orcas enjoy playing with their prey. 

If the sea lion makes its way back on the ice, it will be 

wave-pounded repeatedly, further discombobulating it. In 

what may take an hour or more, the sea lion is eventually 

exhausted.  

Once subdued, the sea lion is securely bit by the tail and 

dragged down into the deep to drown. Dinner is served. 
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 Pilot Whales  

Pilot whales are another cetacean misnomer. They are in-

stead oceanic dolphins; the 2nd-largest, behind orcas. There 

are 2 pilot whale species: short-finned and long-finned. 

These gregarious creatures travel in pods of up to a hun-

dred, with a dominant female acting as leader. They readily 

socialize with other dolphin species. 

Unlike some other dolphins, long-finned pilot whales 

spend their lives in the same group. While mating may occur 

outside a pod, group members do not change their social af-

filiation. 

The long-finned pilot whales that live in the Strait of Gi-

braltar stay there year-round. When an external threat is 

perceived, the whales swim synchronously; a typical tech-

nique for fish in fearful flight. This tight formation swimming 

keeps the whole group alert and responsive. 

Pilot whales are perhaps best known for stranding them-

selves on beaches in disturbingly large numbers. Their close 

relations lead others to follow a friend in distress. 

 Primates  

Primate is an order bifurcated into prosimians and simi-

ans (aka anthropoids). Prosimians include lemurs, bushba-

bies, and tarsiers, among others.  

Simians include monkeys, apes, and humans. Among 

simians, only monkeys have tails. 264 monkey species are 

known.  

One salient characteristic shared by all primates is a pro-

longed childhood. Though particulars vary as to caretakers 

beyond mothering, all primates practice extensive parental 

care. 

The intellectual benefit of parenting is education, termed 

social learning. All young primates learn a variety of skills 

from their elders, with mom as primary teacher. 

 Lemurs  

Floating on a raft of vegetation, the common ancestor of 

lemurs arrived on the shores of Madagascar from Africa ~65 
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MYA. They adapted and diversified to 100 species. Some le-

murs were as large as gorillas until men came and killed 

them off. 

Lemurs are strepsir-

rhine primates: a suborder 

that also includes African 

bushbabies and pottos, 

along with lorises endemic 

to India and Southeast 

Asia. Strepsirrhines are 

defined by their wet nose. 

All are primarily arboreal.  

Lemur males and females are similarly sized and look 

much the same. It can be hard to tell a male from a female.  

All lemurs have toothcombs: teeth perfectly shaped for 

grooming, which is an important part of lemur social life. 

Lemurs are gregarious and generally docile, living in 

close-knit groups of usually less than 15 individuals. Lemur 

groups share food and nests, though scarcity can make them 

stingy and self-serving.  

As with all social organisms, individuals have their own 

preferences for sociability. Some lemurs are especially extro-

verted, others reserved, though all have close social relations 

with others. 

Lemurs have a variety of ways to express themselves: 

with postures and gestures, tactility, smells, and vocaliza-

tions.* Groups develop their own lingo over time.  

Despite their general peaceability, lemurs do sometimes 

have arguments in their family, and with other families. 

Such is social life. 

Lemurs have an especially keen sense of smell. They rec-

ognize one another by scent.  

Lemurs sometimes mix their scented bodily secretions to 

create aromatic confections, which are used for various pur-

poses, including marking territory and in dominance con-

tests: a ritual known as "stink-fighting." Ring-tails lemurs 

 
* Lemurs lack many of the muscles commonly used for primate fa-

cial expressions, limiting this avenue of communication. 



616 Spokes 2: The Web of Life  

have distinct scent glands on their wrists and chests which 

provide honest signals of a lemur's health condition. 

Lemurs avoid inbreeding by smell. To divert incest, gray 

mouse lemur females recognize the signature of paternal re-

lation in male mating calls. 

Sifakas are a genus of nocturnal lemur. To signify their 

bond, mated pairs of sifaka come to smell alike. Couples with 

offspring smell the same, owing to the frequent exchange of 

body fluids that comes with mating, grooming, and other 

physical contact. 

In some lemurs, such as ringtails, females stay with their 

natal group, whereas males migrate to other groups once ma-

ture. Other lemurs have different habits in this regard. 

Females dominate the social order, including over males. 

You can tell a great deal about a group's social rankings 

based on the order in which grooming is done. Groups of 

males are common, as they are with other primates. Noctur-

nal lemurs forage alone at night, but often nest together dur-

ing the day while they sleep.  

The selfsame body sizes and social dynamics among le-

murs figure into their sexual practices. In finishing mating, 

a male deposits a liquid-protein plug inside the female's re-

productive tract. The plug hardens and stays in place for a 

day or 2. Since females are sexually receptive for only 1 day 

each year, the plug ends her mating for the year. As males 

don't dominate but can assure their paternity in wooing a fe-

male, there is no need for competition between males. 

Lemurs eat more leaves than fruit because the fruit in 

Madagascar is especially low in nitrogen.  

When foraging alone, lemurs keep an ear out for the 

alarm calls of others, including different lemur species, and 

even various birds. They understand the varied languages, 

such as bird calls, that specify a threat from above, or an "all 

clear" call.  

Females of nocturnal lemurs tend to share a nest with 

other females, along with offspring and possibly one male. 

Diurnal lemur sociality is much like monkeys and apes in be-

haviors and variety. 
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Lemurs learn from their life experiences, and from those 

around them (social learning). More mature females make 

better mothers.  

Though arboreal, 2 species of dwarf lemur that live in 

high-altitude rain forests dig underground burrows in which 

to hibernate during the cold months. They store fat in their 

tails. Another dwarf lemur hibernates in the hollows of tree 

trunks. These are the only primates known to hibernate.  

 Monkeys  

The term monkey may have originated from a character 

named Moneke in the 16th century German fable Reynard 

the Fox. Moneke was the son of Martin the Ape.  

There has been long-standing confusion 

between monkeys and apes, thanks to sim-

ple-minded scientists. Into the 1950s, pri-

mate evolution was considered a Darwinian 

progression leading through monkeys to 

apes to humans. Though all primates 

evolved from a common ancestor 85 MYA, the 

evolution of humans has since been found to be considerably 

more complex than the straight-line descent once imagined. 

 

Monkeys are the most colorful mammals. Their flamboy-

ance accents their social standing. In some monkeys, such as 

the polygamous mandrill, the dominant male has brilliant 

colors, while subordinates are somewhat duller. 

Monkey color vision acuity evolved to aid foraging, includ-

ing the ability to discern fruit ripeness and the freshness of 

shoots. Once evolved, the ability to see red led to incorporat-

ing reddish hues into monkey looks, by virtue of female pref-

erence.  

Sexual dimorphism is somewhat common among mon-

keys, especially the larger species. Male baboons are typically 

twice the size and weight of females. In contrast, in the small-

est New World monkeys – tamarins and marmosets – the 

sexes are similarly sized. 
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Monkeys in the wild have a life span of 18–50 years, de-

pending upon species. Larger monkeys are typically longer 

lived. Life in captivity shortens life expectancy considerably. 

Monkeys have long been a popular meat. Human hunters 

now kill millions each year, pushing many monkeys toward 

extinction. Relentless deforestation more slowly kills those 

that are not hunted, by robbing monkeys of their food sup-

plies as well as a decent place to live. Like many other forest 

creatures, monkeys will be extinct within a few decades. 

 Variety  

Many monkeys are arboreal, though some are ground-

dwellers, such as patas monkeys and baboons. 

Most monkeys are diurnal. The night monkey is a notable 

exception. It avoids foraging competition by working the 

night shift. 

The length of monkey limbs varies by lifestyle. Monkeys 

that scramble nimbly amid branches have relatively short 

arms and legs, aided by prehensile tails. Monkeys that walk 

and run have longer limbs. Exceptional jumpers, such as the 

pygmy marmoset, have longer legs, while tree swingers, such 

as spider monkeys, have longer arms than their legs. 

Monkeys range from the tiny New World pygmy marmo-

set (13–16 cm, 0.12–0.14 kg) to the colorful and highly sex-

ually dimorphic Old World mandrill (male: 75–95 cm, 19–37 

kg (though some grow to 54 kg); female: 55–66 cm, 10–15 kg). 

 Classification  

Monkeys are categorized by continent: either Old World 

(Africa, Asia) or New World (South and Central America). 

Old World monkeys (Cercopithecids) are more closely related 

to hominids than New World monkeys (Platyrrhines). 

In geological time, the Atlantic Ocean has been a widen-

ing gap between Africa and South America, which separated 

over 65 MYA. Perhaps as late as 40 MYA, simian conquistadors 

came from the dark continent to the New World.  

Old World monkeys spread from Africa into Asia and 

Europe during the Miocene epoch (23–5.3 MYA). 
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Old World monkeys differ from New World in several 

ways. On average, New World monkeys tend to be smaller 

than Old World. Almost all New World monkeys are arboreal. 

Old World monkeys have a wider range of habitat and are 

more terrestrial.  

Taxonomy of monkeys has been an ongoing dispute. This 

is incidental to appreciating the diversity of lifestyles that 

these intelligent creatures have. 

 Diet  

New World monkeys have a different dentition than Old 

World: an evolutionary matter of diet. Whereas Old World 

monkeys have 32 teeth, New World monkeys have 36. 

New World monkeys are generally frugivores, supple-

mented by small insects and other invertebrates, though 

some also eat leaves. Old World monkeys are primarily foli-

vores (leaf eaters), though Old World monkey diet varies; 

most are nominally omnivores.  

Generally, most monkeys are opportunists that will eat 

anything that is digestible. African mangabeys rely heavily 

upon fruit and flowers, but they are not above ripping the 

bark off trees to snatch anything edible that crawls beneath. 

Mangabeys also hunt for birds' nests, devouring both eggs 

and nestlings when found. 

Monkeys love fruit, though they can quite wasteful: tak-

ing a bite or two before chucking it, as it is often not ripe 

enough to suit their taste. There is some socially inspired con-

flict in this.  

Monkeys are actually quite adept at discerning just how 

ripe a fruit is. They prefer to wait for the sweetness that 

comes with ripening.  

But if they wait too long, they may lose the fruit to an-

other. So, they often compromise by picking early and eating 

only the best part rather than risk losing the whole thing. 

 Habitats  

Most monkeys live in tropical rainforests. The farther one 

travels from the equator, the fewer monkeys. This makes 
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sense in light of their diet, which is heavily dependent upon 

fruit and leaves. 

There are exceptions. Baboons are successful savanna 

residents, as is the ground-dwelling patas monkey, which 

feeds on insects, gum, seeds, and tubers. The hamadryas ba-

boon lives in the dry, rocky regions of southern Arabia. 

Most monkeys live warm climates, though there are ex-

ceptions. A few tropical monkeys live well about the snow line 

of mountains, including the African vervet, the Asian snub-

nosed langur, and several species of macaques. The Japanese 

macaque survives the cold winters of northern Honshū; the 

only nonhuman primate to live so far north. 

 Physiology  

With a few exceptions, New World monkey vision is di-

chromatic (2-color), whereas Old World monkeys are trichro-

matic (3-color), as are humans. 

New World monkey noses are flat, with nostrils to the 

side. Old World monkeys have human-like down-facing 

noses. 

Unlike Old World monkeys and humans, New World 

monkeys don't have opposable thumbs, with one exception. 

The capuchin, a New World monkey, does have an opposable 

thumb. 

Polygyny (males mating multiple females) predominates 

with Old World monkeys. In contrast, several New World 

monkeys are monogamous, with extensive parental care. 

Unlike apes, almost all monkeys have tails, as do prosim-

ians. Some tails are quite short, such as the mandrill.  

Only the Barbary macaque entirely lacks a tail. This ma-

caque is endemic to the Atlas Mountains of Algeria and Mo-

rocco, with a small population on Gibraltar. 

New World monkeys have relatively longer tails than Old 

World monkeys.  

The atelid family of New World monkeys are the only pri-

mates with a prehensile tail, which is useful as a 5th limb for 

foraging or climbing. Howler, spider, and woolly monkeys are 

atelids. 
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Prehensile tails are not a common animal trait. New 

World mammals with prehensile tails include the opossum, 

kinkajou (honey bear), and porcupine. The harvest mouse, 

tree pangolin (scaly anteater), and bearcat (binturong) are 

the few Old World mammals with prehensile tails. 

 Communication  

Monkeys are typically noisy, with a rich repertoire of com-

munications, including combinations and expressions of con-

siderable nuance. Monkeys are quite sensitive to changes of 

expression on each other's faces. 

New World monkeys are especially exuberant. It helps 

keep the group together. Tiny marmosets constantly call to 

each other, twittering like birds as they scamper through the 

branches. 

Female squirrel monkeys are the top talkers: ceaselessly 

communicating as they move through the forest. Losing sight 

of one another results in a call-and-response series of high-

pitched peeps. Other squirrel monkey sounds have their own 

syntax. Females that direct a troop twitter to get others mov-

ing. A "chuck" sound is a call reserved for close friends. 

 Sociality  

Monkeys have an innate sense of fairness and are 

naturally empathic. Rhesus macaques will not perform an 

action if they think it will harm a conspecific. 

Whatever social finery humans possess they inherited 

from monkeys. The difference in human social proclivities is 

some liberation from biologically-bound mores to allow self-

ishness fuller flower. 

Monkeys are gregarious. Groupings vary by species, but 

all monkeys have social organizations. 

All societies are rule-based to some degree, though mon-

key mores tend to be relatively relaxed in those that live in 

the trees. For example, African mangabey groups are nomi-

nally led by a male who does not exercise much control over 

group activities. Members come and go frequently. 
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Ground-dwellers tend to live in controlled societies. 

Baboons have a patriarchal social system that is tightly 

managed: members seldom leave their group, and newcomers 

are not normally welcome. 

Security is one evolutionary impetus for social organiza-

tion. The trees are nominally safer than the ground; hence 

the difference in liberality between species with different life-

styles. 

Baboon and patas monkeys stay safe via discipline among 

male members who have assigned roles for security detail 

and other duties. Every member knows its station and its 

duty to the group. 

Such social organization has enveloping effects. Competi-

tion for food is frequent. Rules determine who gets the best 

food. Breeding is controlled in stricter societies. 

Monkeys simultaneously compete and depend upon each 

other. They remember kindnesses and conflicts. A monkey 

knows who it can depend on and who will stand in its way.  

Might makes right in monkey society. Dominant mem-

bers dole out discipline as deemed necessary: whether physi-

cal punishment or reduction in food rations for some 

duration. 

Subordinates are careful to stay on the good side of those 

above them. A monkey seeks to groom another that it is 

afraid it would lose a fight with.  

Spectators gather round when 2 monkeys fight. Immedi-

ately afterwards, a bystander approaches the loser, seem-

ingly to console. Mutual grooming often ensues between the 

two. More often than not, the loser grooms the bystander for 

longer than the bystander grooms the loser. The bystander 

takes advantage of the loser's diminished sense of self. 

 Grooming  

Grooming as placation is a mainstay in maintaining close 

relations. Monkey grooming is analogous to human manners, 

often with similar social considerations. 

Grooming is extensively practiced by females that stay in 

the same troop their whole lives. They know one another 
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well. Each female is aware of hers and others ranks. Groom-

ing cements bonds. 

Males need allies too. A dominant male baboon is less vul-

nerable to attack by an ambitious upstart with another large 

male by his side. Learning whom to groom is a necessary 

skill. 

The need for close bonds depends on many factors but 

food looms large. When there is enough food for all, competi-

tion is low. Bonding is less critical in times of plenty. Groom-

ing is occasional. 

Scarcity brings struggle. Grooming increases during 

tense times, to keep friends close, and to curry favor. 

 Intelligence  

Monkeys have a fascinating mix of mental acumen. Mon-

keys remember where different fruit trees are and when they 

ripen. This requires spatial mental maps correlated to calen-

dars. 

Monkeys manage math, especially quantities. Rhesus 

monkeys understand the relations of numbers and can per-

form mental addition.  

Sociality is paramount to leading a successful monkey 

life. A monkey needs to know who belongs and who does not, 

who is related to whom, the relative ranks of every monkey 

in the group, and the special grooming relationships group 

members have with each other. Monkeys have distinct per-

sonalities which must be accounted for. A monkey must keep 

in mind which relationships are valuable to cultivate, and 

how, and who should be assiduously avoided. 

A male bonnet macaque, when challenged by another 

troop member, will often seek out another male for assis-

tance. The beset macaque will seek an ally that he knows 

outranks the monkey challenging him. The presence of a 

higher-ranking male renders the challenger much less eager 

for a confrontation. 

Monkey pettiness has a distinctly human edge. They 

squabble among themselves. To answer an attack, a monkey 
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may not directly confront the attacker, but instead take re-

venge on a relative or friend of the other monkey, even 

though the victim played no part. 

 Deception  

Deliberate deception is a monkey trait; something which 

requires thoughtful anticipation of another's expectations 

(theory of mind). Baboons are especially adept at deception. 

A juvenile baboon watched an adult female dig a plant 

bulb from the ground. The youngling scanned the scene; no 

one else nearby. So, it screamed its lungs out for help. Mom 

came running. Spotting the other female, she instantly as-

sumed that her precious child had been attacked. The out-

raged mother went after the puzzled innocent female, who 

dropped the bulb and ran. The now calm and contented 

youngster casually picked up the tasty bulb. This was not the 

only incident observed of this child pulling this trick. 

 New World Monkeys  

There are 5 families of New World monkeys: Callitrichi-

dae, Cebidae, Aotidae, Pitheciidae, Atelidae. Only night mon-

keys (aotids) are nocturnal; all others are diurnal. 

 Callitrichids  

The smallest monkeys are squirrel-sized marmosets and 

tamarins, with 26 species in 5 genera. Once wrongly thought 

primitive, they are instead dwarfs, having adaptively 

shrank. 

Marmosets and tamarins differ mainly by where they re-

side. Tamarins live on the northwest side of the Amazon 

River, marmosets on the southeast side.  

Callitrichids are all arboreal; eating insects, fruit, and the 

exudate (gum or sap) of trees. Marmosets rely heavily on ex-

udates. Some marmosets are obligate exudativores. 

Callitrichids live in small territorial groups of 5–6 mem-

bers. They have a unique social organization among pri-

mates: cooperative polyandry. Females mate with more than 

1 male, but only 1 female is contemporaneously reproductive. 
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Callitrichids are the only primate group that regularly pro-

duces twins: over 80% of the time.  

Everyone shares the responsibility of carrying the off-

spring (alloparenting). Older adolescents help with infant 

care. Males provide as much parental care as females; some-

times more. From an evolutionary perspective, the uncer-

tainty of fatherhood engenders cooperative parenting.  

 Cebids  

Capuchin and squirrel monkeys are cebids. They are op-

portunistic omnivores but confirmed arboreals, rarely travel-

ing on the ground. These small monkeys are gregarious, 

living in groups of varying sizes, with the smaller species pre-

ferring larger groups. 

 Capuchins  

Capuchins are the size of a house cat. They 

live in a troop of 10 to 40 members: related fe-

males and their offspring, along with several 

males.  

Capuchins have a social hierarchy with a 

dominant male. Some tribes have a dominant 

female too. Mutual grooming and gossip main-

tain social order. 

Capuchins are opportunistic omnivores, with a diet of 

fruit, nuts, seeds, buds, insects, spiders, bird eggs, and small 

vertebrates. Capuchins living near water also enjoy crabs 

and shellfish which they crack open with stones. On shore, 

capuchins dig up tubers, roots, and insects using sticks or 

rocks. 

A capuchin prefers an impressively heavy rock for crack-

ing hard-shelled palm nuts. They carry the nut and stone to 

a suitable flat rocky surface. Stone anvil sites are repeatedly 

employed, so much so that shallow bowls are worn into the 

anvil spot from use. Preferred anvil stones are river rocks, 

carted to the site where the anvils are used, sometimes by 

several capuchins at a time. 1 of 2 techniques are preferred: 

repeated pounding, or picking up the stone to chest level, and 

dropping it on the nut.  
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Capuchins throw objects, sticks or otherwise, either ago-

nistically or in play. 

Capuchins master tool use and construction through trial 

and error. They use wooden limbs to pound on rotten logs, 

thumping out grubs. Sticks and twigs are crafted to make a 

pointed prod for accessing larvae and insects from tree crev-

ices. Capuchins also use stones as cutting tools.  

Young capuchins apprentice. It can take years to master 

advanced tool techniques. 

 To ward off mosquito bites when the pests are in season, 

capuchins crush millipedes and rub the residue on their 

backs as an insect repellent. 

As gregarious creatures, capuchins have mastered the so-

cial contract of empathy and reciprocity, with a demonstrated 

sense of fairness in transactions. 

Capuchins posses a strong sense of equality. ~ American 

psychologist Sally Boysen 

Capuchins maintain long-term social bonds, especially 

with relatives. Females form coalitions and have dominance 

hierarchies. 

A male needs male allies to become the dominant male of 

a group with mature females. The alpha male sires virtually 

all offspring in a group that are not his direct descendants.  

The males who assist the alpha male in gaining and pre-

serving sexual dominion must typically delay breeding until 

the alpha male's daughters have matured.  

Infanticide by alpha males is the primary cause of infant 

death. Females socially support 

the current alpha male, thereby 

preventing disruptive takeovers 

that could lead to infanticide. Male 

offspring of the alpha male enjoy a 

social advantage as juveniles. 

The same selective forces that 
shaped humans also shaped capu-
chins, causing both species to share 
features such as complex political 
behavior and culturally transmitted 
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social rituals. ~ American primatologist Susan Perry 

Capuchins can be trained and are fine actors. Capuchins 

are best known as the dancing monkey belonging to the organ 

grinder, though, as that venue has been abandoned, show-biz 

capuchins have been cast in numerous movies, though al-

ways typecast as being up to some monkey business. 

When presented with the mirror test, capuchin females 

pose and make friendly gestures at themselves; their social 

graces come to the fore. Males look at themselves, then freak: 

showing confusion or distress. It is bizarre to suddenly see a 

twin you didn't know existed, and one who looks like a poten-

tial rival. 

 Squirrel Monkeys  

Squirrel monkeys are considerably smaller and slenderer 

than their relatively chunky cousins, the capuchin. A squirrel 

monkey weighs but 1.2 kg versus 4 kg for a capuchin, and the 

average squirrel monkey is 35 cm, versus 56 cm for a capu-

chin. But the two often have an ongoing relationship. 

Capuchins are messy eaters. They rip the forest apart as 

they move through the trees foraging. They'll even grab a 

small squirrel monkey for a meal upon occasion. 

Despite that infrequent danger, capuchins and squirrel 

monkeys often feed in proximity. Their diet is similar, though 

squirrel monkeys must content themselves with insect grubs 

found on branches, as they cannot rip the bark off trees look-

ing for insects like capuchins can. 

The big benefit of the capuchin association comes in hang-

ing out on the tree branches below, catching the numerous 

bits of food that their larger cousins carelessly drop. 

Squirrel monkeys, small as they are, band together, often 

traveling in troops of 40 or more, though sometimes congre-

gating in a herd of 400 to 500 individuals. There is safety in 

numbers; not only from predators, but also from bullying by 

larger monkeys that might otherwise try to shove them aside 

for the finer foraging. 

Squirrel monkeys are complex communicators: incorpo-

rating 25 to 30 distinct calls (to human ears), with various 
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meanings by context. Some calls are further elaborated or nu-

anced by postural displays.  

Squirrel monkeys also communicate chemically, with 

scents from different sources: urine, scent glands on their 

chest, or from their nasal passage. A squirrel monkey may 

rub its nose on something, or sneeze into its hand to physi-

cally transfer that scent. A male can tell whether a female is 

sexually receptive by restraining her and sniffing her geni-

tals. 

 Night Monkeys  

Night monkeys are the only truly noctur-

nal monkey. Their vision has adapted to this 

lifestyle: monochromatic (no color vision), and 

better spatial resolution in low light. Night 

monkeys re-evolved nocturnality from diurnal 

ancestors. 

Night monkeys live near the forest canopy, walking 

branches on all fours, though they are skilled leapers: capa-

ble of crossing canopy gaps as large as 4 meters. Territories 

are defended by scent marking and vocalizations. 

Male and female night monkeys are similarly sized, 

averaging 34 cm and 1.2 kg, with males slightly taller. 

Night monkeys are monogamous, with only 1 infant born 

each year. A mother carries her infant for only its 1st week. 

Afterwards, the father is the primary caretaker. If dissatis-

fied in her marriage, a female divorces her husband and finds 

another mate. 

 Pitheciids  

The 40 species of pithecids include titis, sakis, and uakari 

monkeys. Pithecids have medium to long fur in a wide range 

of colors. Many have contrasting color patches, particularly 

on the face. This helps accentuate facial expressions. 

Most pithecids live in the trees of the Amazon forest, from 

low-lying swamps to mountain slopes. They are generally 

herbivores: mostly fruit and seeds, though some species sam-

ple small insects. 
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Sakis and titis are monogamous. They live in small family 

groups. 

Uakaris and bearded sakis are polygamous. They live in 

larger groups, with 8–30 members. Each group has multiple 

males which establish their own social hierarchy. 

 Atelids  

Atelids are typically the largest New World monkeys. The 

atlid family includes the howler, spider, woolly, and the 

woolly spider monkey, which is the largest New World mon-

key. Most atlids are arboreal residents in dense rain forests, 

though some howler monkeys live in drier forests, or in 

wooded savanna. 

 Howler Monkeys  

Howler monkeys are large tree 

dwellers; slow, deliberate leaf eaters. 

They almost never leap from branch 

to branch. When they move, they lei-

surely walk on all fours, or swing 

slowly, arm over arm, though tree 

branches. At rest, they hold them-

selves onto a branch using their 

strong prehensile tail. 

Most howler monkeys live in 

groups of 6 to 15, though mantled 

howler monkeys live in larger groups 

of 15–20. They are territorial.  

Howlers live up to their name by 

the loud calls, which can be heard for 

kilometers. The point is maintaining territory. Howler 

groups contend over a new territory via vocal battle. The 

louder, more persistent group wins. Physical fighting is rare. 

 Spider Monkeys  

Spider monkeys are about the same size and weight as 

howler monkeys but are more active and acrobatic. They 

make spectacular leaps between trees.  
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Spider monkeys have strong prehensile tales, along with 

exceedingly long limbs. A spider monkey can hang from a 

branch by its tail and pick an otherwise unreachable fruit or 

take a drink from a pond below.  

Spider monkeys are largely frugivores, though leaves, 

flowers, and insects make up part of their diet. 

Spider monkeys live in the rainforest canopy, in groups of 

up to 35 members, though they split up during the day to for-

age. 

Spider monkey society is sexually segregated. Males and 

females live separately for much of the year. 

Males are friendly to each other. They spend hours in mu-

tually grooming and fall asleep hugging. Contrastingly, 

males are aggressive toward females, attempting to domi-

nate them. 

Males typically forage in groups, while females often for-

age with just their infants. Males may chase females away 

from fruiting trees, relegating them to less nutritious leaves. 

Only when food is scarce do males and females forage to-

gether. 

Spider monkey communications are quite complex. They 

produce a wide variety of sounds: from a horse-like whinny 

to barks to prolonged screams. Spider monkeys are one of the 

most intelligent New World monkeys. 

Humans have long hunted spider monkeys as a food 

source. More recently, logging and land clearing have drasti-

cally reduced their forests. Spider monkeys will soon be 

wiped out. 

 Woolly Monkeys  

Like spider monkeys, woolly monkeys prefer high eleva-

tions, living in cloud forests and mature tropical rainforests. 

Woolly monkeys are among the largest New World monkeys, 

with a thick prehensile tail and arms about as long as their 

legs. As their name implies, woolly monkeys have a thick and 

woolly fur. 

Woolly monkeys live in a troop of 10 to 45 members, 

though they forage in small groups of 2 to 6, thus reducing 

food competition among individuals. Woolly monkeys are 
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largely fruit eaters, supplemented by leaves, seeds, flowers 

and invertebrates. 

Each troop is governed by an alpha male. Social hierarchy 

is by age, sex, and, for a female, her reproductive status. Play 

establishes bonds and maintains relationships, as well as re-

inforcing the social hierarchy. 

Woolly monkeys are promiscuous. Dominant males get 

the most mating in, with multiple females. Likewise, females 

will mate with more than 1 male. 

Females leave their natal group upon reaching maturity. 

With such a promiscuous lifestyle, this is the only way to pre-

vent inbreeding. 

Woolly monkeys are complex communicators, using di-

verse media: visual, vocal, olfactory, and tactile. They may 

show affection or aggression and everything in between. 

Group activities are coordinated. Woolly monkeys main-

tain marked territories. 

Sadly, like spider monkeys, woolly monkeys are highly 

endangered. Captive prisoners are being kept and bred in a 

token effort to "ensure" species survival. The cruelty of men 

knows no bounds, as they show scant sense when it comes to 

respecting life. 

 Old World Monkeys  

The classification of Old World monkeys is geographically 

confused. The 2 subfamilies are Cercopithecinae and Colobi-

nae. Cercopithecines are largely African, though macaques 

are Asian. Colobines are nominally Asian, though colobus 

monkeys are African. 

 Colobines  

The colobine subfamily includes 59 species in 10 genera. 

Most are medium-sized monkeys with long tails. Colobine 

monkeys include colobus, douc, langur, leaf, lutung, surili, 

snub-nosed, and proboscis monkeys. 

Most colobines are arboreal, though some are more ter-

restrial. Their habitats range from rain forests, mangroves, 

mountain forests, to savanna. 
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Colobines have diverse colorations. In many species, the 

coloring of juveniles differs considerably from adults. 

Colobines are herbivores, with occasional dietary supple-

ments of insects and other small animals. Leaves are a col-

umbine staple. Leaves are hard to digest, so these monkeys 

have complex stomachs with multiple chambers.  

Red colobus monkeys that live on the island of Zanzibar 

sometimes eat charcoal to help them handle the cyanide in 

the leaves they eat. Red colobus monkeys are often able to 

digest plants that are toxic to other primates. 

 Proboscis Monkeys  

Proboscis monkeys are endemic to the 

swampy mangrove forests of Borneo. They are 

among the minority of monkeys that swim. 

Proboscis monkeys not only swim, they swim 

well, both on the surface and underwater. 

Having partly webbed hands helps. Such is 

swamp life. 

Proboscis eat primarily seasonal fruit and leaves; also, 

flowers, seeds, and insects as supplements. 

Proboscis are one of the largest monkey species in Asia. 

Males average 72 cm, 19 kg; females 57 cm, 9.5 kg. This is 

not the only dimorphism. 

Proboscis males have a particularly pronounced snoot; 

enough of a nuisance that some have to push it aside to eat. 

A female's nose, while peculiarly prominent for a monkey, is 

much smaller, and upturned. 

A male's cartoonish nose has its compensation. Females 

find males with the biggest noses most attractive. 

Proboscis monkeys have somewhat fluid sociality. A typi-

cal family group has 1 adult male, along with some adult fe-

males and their offspring. Females in a group have a 

dominance hierarchy. Mothers often rear their young with 

some assistance from other females in the group, particularly 

close relatives. 

All-male groups of up to 20 are also common. Some, 

mostly males, prefer a more solitary life. 
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Upon reaching maturity males leave their natal group for 

an all-male group. Females occasionally leave their natal 

group for any of a variety of reasons: avoiding inbreeding or 

infanticide, reducing competition for food, or in hope of ele-

vating their social status.  

Females solicit mating. Proboscis monkeys also engage in 

non-reproductive and same-sex mounting.  

There is little territoriality in the overlapping home 

ranges. Groups gather into bands of up to 60 or more and 

travel together, though individuals only groom and play with 

those in their own group. Arguments do arise, but proboscis 

monkeys are generally tolerant of each other. 

Proboscis monkeys have a variety of vocalizations, includ-

ing alarm and threat calls. Males communicate the status of 

their group by honking. A special honk is used to reassure 

infants. 

Proboscis monkeys prefer to sleep in trees near a river, 

perhaps for safety, though crocodiles are its main predator. 

Proboscis monkeys need large tracts of forest to sustain 

themselves. Though protected by law, habitat loss and poach-

ing reduced the proboscis population by over half from 1970–

2008. By 2010, their numbers in the wild were down to 1,000 

or less. National parks and wildlife reserves are their last en-

clave. Like many other monkeys, proboscis monkeys will soon 

be extinct. 

 Cercopithecines  

The cercopithecine subfamily comprises some 71 species 

in 12 genera. Cercopithecines include baboons, guenons, ma-

caques, mandrills, mangabeys, patas monkeys, and vervet 

monkeys. Most are omnivorous. 

Most cercopithecines live in sub-Saharan and central Af-

rica, though macaques range from far east Asia through 

northern Africa, with a presence in Gibraltar.  

All cercopithecines have cheek pouches which can store 

food. This differentiates cercopithecines from colobines. 

Otherwise, the various species are adapted to the differ-

ent habitats they inhabit. Arboreal species tend to be gracile: 
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slender, with long tails; while terrestrial species are more ro-

bustly built. 

 Guenon Monkeys  

Guenons are a fairly diverse grouping of monkeys. The 

beautiful Diana monkey is a guenon. The smallest Old World 

monkey, the talapoin, is also a guenon, as is the fastest pri-

mate of all: the patas.  

 Talapoin Monkeys  

Talapoins may be found in the swamp 

forests of central Africa. An adult male tal-

apoin weighs 1.3 kg, while a female aver-

ages 0.8 kg. Talapoins are 32–45 cm long, 

excluding the tail. Typical of small mon-

keys, talapoins are arboreal, living in 

troops of 50 to 100.  

Talapoins are gregarious, with the typical complement of 

social behaviors, including play, occasional aggression, and 

grooming. They are not territorial. 

 Patas Monkeys  

At the other extreme from talapoins are ground-dwelling 

patas monkeys. Patas monkeys have considerable sexual di-

morphism. Adult males weigh 12.4 kg, 60–87 cm long (ex-

cluding tail); females 6.5 kg, 49 cm. 

Patas monkeys are adapted for life on the ground, and are 

the only monkey built for running. These slender monkeys 

run on all fours at up to 55 km per hour, faster than any other 

primate, owing to their long forelimbs. 

They need the speed. Patas are preyed on by hyenas, jack-

als, and leopards. Away from sheltering trees, patas monkeys 

rely on running away from danger. 

Patas monkeys typically live in groups of 20–30, though 

troops with up over 60 members have been seen. Groups are 

largely segregated by sex.  

During most of the year, a female troop has a single adult 

male. Females lead the group, while the male is lead only in 

providing vigilant security. Should a predator appear, the 
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male will try to grab its attention and run away from the 

troop, while the females flee to safety. Other males temporar-

ily join a female troop during breeding season. 

Once a male juvenile reaches sexual maturity, around 4 

years of age, he leaves his natal group to join an all-male 

group. 

Patas are tolerant of several types of habitat, ranging 

from savanna and steppe to woodlands, preferring open areas 

to heavily wooded forests. Patas live in fairly arid areas.  

Patas prefer tall trees to short ones, and spend midday 

there resting, as well as sleeping in the trees. They forage on 

the ground in the morning and afternoon. 

 Dianas  

Diana monkeys live in West Africa. Adults 

weigh 4–7 kilograms. A Diana may live 2 dec-

ades. 

Dianas live in in the canopy of primeval for-

ests, rarely hitting the ground. They don't do 

well in secondary forests. As such, Dianas are 

gravely endangered by human habitat destruction. 

Dianas are omnivorous, eating anything nutritious and 

nontoxic: fruit, leaves, flowers, insects, and small inverte-

brates. 

A Diana family group may be 5–10 adults, with a single 

male and a harem of females. Multiple families make up a 

troop of up to 50. Breeding is year-round, with a 6-month ges-

tation to a birth of a single offspring. 

Like vervets, Diana monkeys have a distinct alarm call 

for each type of predator: leopards, eagles, chimpanzees, and 

humans. Communication may be coordinated in a call-and-

response. For example, a female may answer a male's call of 

a leopard alert, though with a different vocalization that fe-

males use for the same animal.  

Chimps chase Diana monkeys through the treetops, try-

ing to snag one for a meal. Spotting such a wily predator re-

sults in deafening silence and retreat. Others in the troop 

take note and move off silently too. 
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Diana monkeys have highly distinctive hair, with sharply 

contrasting portions. This helps a Diana effectively convey 

body language, including communicative facial expressions. 

Diana monkeys have a reputation for perceptive reliabil-

ity. The tree-dwelling African hornbill isn't concerned about 

leopards but is preyed upon by eagles. The hornbill recog-

nizes a diana eagle warning and responds, while ignoring 

leopard calls. 

Red colobus monkeys live in the same neck of the woods 

as Dianas. Red colobus associate with Dianas for safety, as 

either is chimp meat if caught.  

When the two forage together, both monkeys respond to 

a Diana warning. The type of vigilance differs between Diana 

monkeys and red colobus, so there is more overall protection 

for both when together. 

 Vervets  

Vervet monkeys reside in sub-Saharan Africa. They sleep 

in the trees for safety, but spend their days on the ground, 

playing and feeding. 

Vervets have 3 types of predators: snakes, leopards, and 

raptorial birds, such as martial eagles. Vervets have names 

for these predators. Chickens and ground squirrels are also 

known to have different alarm calls for ground and aerial 

predators. 

If a snake is spotted, a distinctive vervet alarm call is 

made. Nearby vervets stand up to spy the snake. Once sev-

eral monkeys have seen the snake, they may approach it as 

a mob, forcing the snake to retreat. 

A leopard raises a cry that has vervets leaping up the 

trees to small branches where a leopard cannot reach. An air 

attack possibility gets vervets running for cover after a vervet 

cries out to look out from above.  

The vervet predator language is learned by young ones. 

Infant vervets often make mistakes, raising an alarm to pi-

geons, warthogs, or other non-threatening creatures.  
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While infants may be easily scared into alarm, they 

quickly cotton to the concept of alien approach, whether over-

head or on the ground. By observing adult alarm call and re-

sponse, a juvenile learns the subtleties of proper calling. 

Vervets have other verbal communications specific to an 

individual or social situation. In other words, vervets gossip. 

The communications are so nuanced that humans have diffi-

culty discriminating vervet-speak. 

 Japanese Macaques  

Japanese macaques reside in the furthest northern range 

of all monkeys. They are found on 3 of the 4 main islands of 

Japan: Honshū, Kyūshū, and Shikoku; but not Hokkaidō, the 

northernmost island.  

Japanese macaques are equally comfortable in the trees 

and on the ground. Some have learned to swim and to dive 

into water. 

Japanese macaques live 25 to 30 years. They are tough, 

clever, and learn quickly; typical of the 15 macaque species.  

Japanese macaques are omnivores. Their favorite foods 

are fruits, berries, nuts, and acorns. Flowers, seeds, leaves, 

and grasses are also good, as are mushrooms. Spiders, in-

sects, larvae, snails, crabs, crayfish, and barnacles provide 

variety. Some are fond of birds' eggs when they can be found.  

Winter can mean living off tree bark, along with winter 

tree buds and sprouts. Japanese macaques that live seaside 

eat the kelp and algae that wash up onto beaches. 

Males and females are similarly sized: 60 cm, with the 

average female 12.3 kg, and 14.6 kg for males. Overall, 

weight varies between 9 to 18 kg. Males look larger, as they 

have more muscle and hair on their shoulders and hips. 

Japanese macaque troops commonly contain 20 to 100 

members. Female Japanese macaques spend their entire life 

in the same troop. Matrilines develop, albeit at different so-

cial strata. 

A mother provides all the care for her newborn. As an in-

fant grows, relatives assist. Older siblings pay special atten-

tion. 
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Males sometimes carry, comfort, play with, and protect 

juveniles. A male may adopt a juvenile that needs attention. 

Overall, a troop provides a supportive environment for its 

young, with many willing caregivers. 

Males typically emigrate to another troop when they 

reach maturity, which is between 3 to 7 years of age. The few 

that stay in their natal troop maintain close ties to their 

mothers and sisters. 

There are separate dominance hierarchies for females 

and males. Favored males have high social standing. They 

stay in the central part of the troop with the most dominant 

female matriline. 

The top-ranking male oversees security. The top female 

leads the troop. The alpha male and alpha female settle 

disputes between group members. 

Males getting ready to leave a troop are relegated to its 

outer edges, as are males trying to join the group. These pe-

ripheral males are low ranking. Low-ranking females some-

times develop friendships with these males. 

Many males change troops several times. Some become 

nomads, joining a troop only during breeding season. 

Males compete for females during breading season, but 

females choose their mating partners. A male's chances are 

as much a matter of personality as well as look. Some new 

males are welcomed, while others are chased away. 

As with many monkeys, grooming and play are important 

facets of macaque social life. Both serve to form and maintain 

relationships; play more so for the young. 

As juvenile male macaques mature, they go off with play-

mates for longer durations. Young males especially like to 

play with nearby adult males. In contrast, females stay close 

to their female relatives, learning by practice on infants their 

mothering skills. 

Home ranges are 5 km2 in the south, and up to 20–30 km2 

in the north, where food is scarcer. Troop ranges may overlap.  

Neighboring troops try to avoid each other. They let each 

other know where they are by shaking treetops. Chance en-

counters are most often trouble-free, but fighting can occur. 
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 Imo the Innovator  

Researchers studying Japanese macaques once doled out 

sweet potatoes on a sandy beach to entice monkeys into the 

open. The monkeys would rub the sand off before munching. 

Then, a 2-year-old, low-ranking female that researchers 

named Imo, which is the Japanese word for sweet potato, had 

the insight that washing was a superior technique.  

Imo took her taters to a nearby freshwater stream to 

wash them off. Within a short time, Imo's friends and family 

followed her lead, and rinsed their potatoes in the stream. 

Inside of a decade, spud washing was practiced by 90% of the 

troop.  

Then Imo had another idea: salted potatoes. Imo started 

washing her potatoes at the seashore.  

Again, Imo started a trend that became a tribal norm; 

over 80% within 5 years. The tradition continued through 

generations, long after Imo was gone. That troop of Japanese 

macaques treat themselves to sea-rinsed potatoes whenever 

they get the chance.  

Imo also figured out how to sort wheat from sand by drop-

ping it into water. Whereas sand sinks the wheat floats. This 

technique also caught on with the tribe. 

 

Deep winter snow in the mountain forest on Honshū 

makes for mean foraging. One Japanese macaque troop ac-

quired the luxury of bathing in natural hot springs to take 

the chill off; a learned behavior passed on through genera-

tions.  

 

As with much of the natural world, the lives of Japanese 

macaques are being degraded by humans, who pave roads 

and cut down trees. As their habitats shrank, Japanese ma-

caques became regarded as encroaching into human terri-

tory: raiding crops and coming into towns. To many Japanese 

people now, having taken macaque territory, the indigenous 

monkey has become a pest.  
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A 1948 national law protecting the species is adhered to 

in the breach by permits to kill those that pillage on human 

land. Japanese macaque populations are on an inexorable de-

cline toward extinction. 

 Baboons  

The largest Old World monkey, baboons live mostly in 

East Africa, with some in the Middle East. There are 5 spe-

cies of baboon.* 4 prefer the savanna and other semiarid hab-

itat, whereas the hamadryas baboon prefers a scenic view: 

living on the cliffs and in the hills along the Red Sea; dispers-

ing for day foraging on the ground, but coming home to the 

cliffs at night, where they sleep and enjoy leisurely meals. 

Adult males weigh 15–37 kilos. Baboons have pronounced 

sexual dimorphism. Females are considerably smaller. 

Baboons are stunningly strong. They are built for life on 

the ground: with long arms that let them walk on all fours, 

with their shoulders and head held high, allowing them to 

scan the land without rising on 2 legs. 

Baboon hands, much like humans, are adapted to digging 

up roots and bulbs. Baboon feet are flatter than other mon-

keys, giving them good ground stability at the sacrifice of 

tree-climbing agility. Nonetheless, baboons pull themselves 

into the trees to sleep at night. 

 Diet  

Baboons are big eaters. Unsurprisingly, they are 

opportunistic omnivores, consuming a wide variety of foods.  

Grass is a big part of the baboon diet. Baboons also munch 

nuts, leaves, bark, berries, seeds, flowers, birds, insects, 

 
* The chacma baboon is found in southern Africa. The Guinea ba-

boon resides in far western Africa. The hamadryas baboon occu-

pies the heights in the Horn of Africa (the peninsula of central 

eastern Africa). The olive baboon inhabits in a wide range of 

north-central African savanna. The yellow baboon lives in the sa-

vannas and light forests of south-central and eastern Africa. Ba-

boon classification is controversial. Some contend there are only 

2 species: the hamadryas and savanna baboons, which have sub-

species. 



 Animals  641 
 

shellfish, hares, and other small mammals, including vervet 

monkeys.  

A small antelope or gazelle is a meaty catch. Baboons may 

hunt as a group: some acting as drivers of prey, into the trap 

of others that are waiting. 

While baboons don't make stew, they do appreciate ta-

ters. Baboons dig tubers out of the ground, a welcome supple-

ment when seasonal fruit is scarce. 

 Sociality  

Among savanna baboons, the biggest and fiercest males 

dominate a troop that may run to hundreds, acting as 

protectors and mediators in social disputes. 

A group within a troop has several adult males, and about 

twice as many females, along with their offspring.  

Females have their own social hierarchy. Offspring 

generally share the same rank as their mother.  

Females live their lives within the same natal group. 

Young males leave their home troop when they reach sexual 

maturity. 

The olive baboon is named for the color of its coat. It is 

the widest ranging of all baboons: extending through much of 

middle Africa almost from coast to coast. Olive baboons in-

habit savannas, steppes, and forests. 

Though olive baboons have social stratification, choice of 

collective troop movements are made democratically: major-

ity rules. Such democratic decisions arise only when the con-

flict in directions involve widely divergent paths; otherwise 

differing baboons compromise about which way to go. 

While savanna baboons have a matrilineal hierarchy, the 

hamadryas is unusual in having a strictly patriarchal 

society. Correspondingly, savanna baboon females stay with 

their natal group. In contrast, hamadryas males have 

continuing relations. 

The hamadryas have an atypical 4-level society: harems, 

clans, band, and troop. Most social interaction is within the 

smallest group: a harem is a single dominant adult male and 

up to 10 adult females, which the male guards. A harem may 
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have a younger subordinate (follower) male, often related to 

the leader. 

2 or more harems often unite into a clan. The dominant 

males of a clan are commonly close relatives, with an age-

related dominance hierarchy at the clan level. 

2 to 4 clans form a band of up to 200 baboons. Bands typ-

ically travel and sleep as a group.  

Bands are insular. Males and females rarely leave a band. 

Interaction with other bands, particularly by juveniles, is dis-

couraged by dominant males. Bands often have solitary 

males that are neither harem leader nor follower, but which 

stay with the band. 

Several bands may come together as a troop. Troops often 

share a cliff-face for sleeping accommodation. 

Related males of the same clan respect the social bonds of 

their kin. Otherwise, males sometimes raid harems in an ag-

gressive takeover of its females. Infant baboons may be taken 

as hostages during such fights.  

Females have a say as to their harem. A female's prefer-

ence for her male is heeded by his rival. But the less a female 

favors her harem male, the more likely a rival will attempt a 

takeover. 

Hamadryas do not have a dominance hierarchy like 

savanna baboons. The males won't tolerate it. Aggression 

among adult hamadryas males precludes male-male bonding 

and overrides extensive sociality. By contrast, some females 

are socially active and have strong bonds with the harem 

male. 

Younger follower males may start their own harem by 

seducing young females into following them. Alternately, a 

male may take a female by force, though that does not 

necessarily bode well for a long-term relationship. 

 Communication  

Baboons converse with considerable vocabulary and syn-

tax, as well as subtle, and not so subtle, gestures. There are 

about 3 dozen basic baboon vocal calls, including a wide 

range of barks, grunts, screams, and alarm calls.  
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Baboon body language is extensive: staring, lip smacking, 

and a variety of body poses. Belligerent baboons display de-

grees of aggression. If a threatening stare doesn't make the 

point, a baboon will try an "open-mouth" threat that starts 

by raising the eyebrows to show the whites of the eyes, fol-

lowed by baring the teeth. A threatening yawn reveals enor-

mous canine teeth, making an impressive warning display. 

At higher hostility, a baboon makes his hair stand up, voices 

verbal threats, and slaps the ground for punctuation. 

Cowed baboons put on a fear face to back down: a wide 

smile that says "don't hurt me." 

Baboon vocalization can be subtle, with individual styles 

that reveal emotional state and convey social context. Ba-

boons gossip. Baboons talk about objects and events, indicat-

ing their feelings about the subject.  

Alarm calls identify predator type. Alligators are referred 

to differently than lions. Such cries also identify the caller 

and context: whether of concern or a reported sighting. 

Geladas are so closely related to baboons that their exclu-

sion from the baboon genus remains controversial. Geladas 

vocalize while lip-smacking. These "wobbles," as they are 

called, are structurally similar to human speech. Geladas 

even sound like a human talking, as their rhythmic qualities, 

determined by opening and closing the mouth, are the same.  

Baboons were assessed on their orthographic processing 

ability: visual memory of words from their spelling (in a char-

acter-based language like English, as contrasted to a picto-

graphic system like Chinese). The results were impressive. 

Baboons were able to learn not only a specific list of words, 
but also to predict whether a new letter sequence was a real 
English word or not. ~ French psychologist Jonathan Grainger 

 Domestication  
In the alpine grasslands of eastern Africa, geladas toler-

ate Ethiopian wolves in their midst. Sensing comity, the 
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wolves ignore potential meals of baby geladas in favor of ro-

dents, which are more readily caught when the monkeys are 

present. This is the onset of domestication.* 

You can have a wolf and a gelada within a metre or 2 of each 
other and virtually ignoring each other for up to 2 hours at a 
time. ~ Indian primatologist Vivek Venkataraman 

 

25 MYA, an Old World monkey speciated into the first ape. 

Tectonic activity in the Great Rift Valley during the late Oli-

gocene may have triggered the evolutionary divergence. 

 Apes  

The mental life of the other great apes is much more sophis-
ticated than is often assumed. ~ German psychologist Daniel 
Haun 

Imitation is commonly called aping because apes do it. 

The facial muscles of apes and humans are more developed 

than other mammals, affording a repertoire of facial expres-

sions for communication. 

All apes have the capacity for cultural learning and trans-

mission: sharing useful techniques and passing them on to 

the next generation. Various complex learned behaviors – 

tool use, grooming, and even courtship – have been seen in 

various groups of apes. 

While monkeys are exceptionally noisy, apes are more re-

served: generally speaking only when they have something 

to say. Apes communicate with facial expressions, gestures, 

body language, and sound, including extensive vocalizations. 

Chimpanzees, orangutans, gorillas, and bonobos make so-

phisticated decisions, weighing their chances of success. 

Based upon experience, they estimate likelihood and take 

calculated risks. Their memory of events in the distant past 

is at least the equal of people. 

 
* By contrast, geladas flee when they spot feral dogs, which show 

no decency toward the monkeys. 
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Emotions play a critical role in shaping how humans make 
complex decisions. Apes exhibit emotional responses to deci-
sion-making like humans. ~ American psychologist Alexandra 
Rosati & American evolutionary anthropologist Brian Hare 

 Orangutans  

Orangutans stand out among primates 

in several ways, including being among the 

most intelligent. Yet they are among the 

least social. 

Orangutans may live to 30 years. They 

are the most arboreal of the apes, and the 

largest tree-dwelling mammal. On the 

ground, orangutans move more slowly and 

deliberately than in the trees, where they 

move quickly. 

Adult females and their young rarely come down to the 

forest floor, except to enjoy eating termites. Adult males may 

spend a fair amount of time to forage on the ground, then 

climb up to eat.  

Orangutans like water. Sometimes they will wade up 

their hips across jungle streams. 

The trees offer protection from ground predators, most 

notably tigers, their main predator; though leopards, croco-

diles, and wild dogs are threats. Orangutans spend some-

what more time out of the trees when on safer ground. 

Orangutans prefer areas which offer a mosaic of habitat 

types that can provide quantities of food throughout the year. 

Lowland swamp forests are ideal, as contrasted to hilly or 

mountainous regions. Population densities reflect this. 

Orangutan hands are like humans, with 4 long fingers 

and an opposable thumb. But orangutan hands are adapted 

for arboreal locomotion. They lack the dexterity that human 

hands are capable of, as orangutans have curved hands and 

feet. Orangutans can grasp objects using their hands or feet. 

Their feet, like their hands, have 4 long toes and an opposable 

big toe. 

Orangutans have a pronounced sexual dimorphism, in 

both body size and appearance. Gorillas likewise.  
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Orangutans are about 2/3rds the size of gorillas. An adult 

female orangutan averages 0.95 m, 50 kg, while a male is 1.2 

m, 90 kg. 

Befitting their arboreal lifestyle, with frequent brachiat-

ing branch to branch, orangutans have proportionally long 

arms. Adult males have an arm span of 2–2.3 meters. 

Orangutan societies comprise residents and transients of 

both sexes. Upon entering adulthood, a male disperses from 

his home ground; entering a transient phase until he can 

challenge and displace a resident male from his home range. 

Younger males and females may be nomadic, without a home 

range. 

A female tends to settle into a home range that overlaps 

with her mother; though an especial social bond between an 

adult daughter and her mother is not common. 

Resident males too have overlapping ranges. An adult 

male range is typically 5–8 km. Females settle into smaller 

home ranges, which they usually do not leave. 

Orangutans are not territorial but have a decided sense 

of personal space.  

Males play almost no part in rearing young. In contrast, 

orangutan mothers are exceedingly devoted to their infant 

offspring. The relationship between a mother and her infant 

is very affectionate.  

 Infants are wholly dependent upon their mothers for 2 

years. A mother may have the help of older offspring in help-

ing socialize an infant. 

Adolescent independence is gradual. A 3-year-old juvenile 

may appear confident, but only when mother is present. 

Juveniles are usually weaned at 4 years, though with con-

siderable reluctance by the youngling. Adolescents socialize 

with their peers while maintaining contact with their moth-

ers. Offspring maintain close contact with their mothers for 

at least 5 to 8 years. Young males avoid adult males. 

Males sexually mature at 15 years but they exhibit ar-

rested development in a few ways: not developing until later 

distinctive cheek pads, pronounced throat pouches, long fur, 

or a spine-chilling mating call (the long call) that attracts fe-

males. Such young adults are termed unflanged.  



 Animals  647 
 

A male typically becomes flanged by 

the time he is 20, prodded by gaining res-

idence. Transformation from unflanged to 

flanged can happen quickly, as it is only a 

hormonal change initiated by social cir-

cumstance, albeit resulting in a striking 

facial change. 

Depending upon the social environ-

ment, a male orangutan may choose not to flange for years, 

or even ever. In a society where a dominant male drives out 

others with cheek pads, a male is better off not displaying his 

virility. 

Being inconspicuous lets a male still have a go at females. 

While 60% resist the advances of an unflanged male, 40% 

succumb to forced copulation. 

Conversely, in a community where multiple males are 

flanged, there may be no advantage to staying unflanged. 

Since males constantly fight over sex, with the smaller one 

always losing, if an orangutan has what it takes to win mat-

ing battles, the flange goes on. 

Females become fertile between 6 to 11 years; typically 

earlier for females with more body fat.  

Orangutans have the longest interbirth interval of all 

apes: 8 years. A female may have 4–5 offspring in her life-

time. 

Orangutans are unusual among primates in not practic-

ing infanticide. This may be because of the long infertility in-

terval of females between births. 

Adult males have been typified as largely solitary, but 

that appears to be something of a cultural norm. Orangutans 

vary quite a bit in how social they are. 

Borneo and Sumatra are the 2 islands in Indonesia where 

orangutans still live, having been wiped out elsewhere. Su-

matra orangutans are relatively sociable: gathering in large 

groups – up to a 100; hanging out, foraging, trading tool tips, 

sharing food. None of these behaviors have been observed in 

orangutans in Borneo. 

Overall, the intelligence of orangutans and chimpanzees 

is comparable. Like chimps, orangutans recognize them-

selves in a mirror. 
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Orangutans learn by observation and imitation, by trial 

and error, and by exploratory behaviors involving varying de-

grees of chance, depending upon an individual's appetite for 

risk. Orangutans are quite capable of planning and executing 

complex tasks and considering contingencies.  

Readily navigating the canopy requires a deep spatial 

memory, as well as cleverness at times. When a canopy gap 

is too wide to accommodate simple tree swinging, an orangu-

tan may break off a branch and use it as a hook to rake in the 

tree on the other side. 

Imitation is the basis for cultural transfer. Sumatra 

orangutans appear to employ tools more often than their Bor-

neo brethren, but both are known to use tools. 

Orangutans are selective eaters that require enormous 

quantities of food. Their diets are dominated by fruit (60–

90%), with shoots, leaves, and bark as supplement. Flowers, 

fungi, insects, honey, and bird eggs are on the menu when 

they can be had. Borneo orangutans have been observed eat-

ing 317 different food items.  

When plentiful, orangutans gorge on fruit. Males partic-

ularly put on pounds at the prospect of leaner days. A male 

may eat 11,000 calories a day during high-fruit season, as 

contrasted to 2,000 daily calories when dieting on fruit, tree 

bark, and leaves during low-fruit times. 

Orangutans congregate at large fruiting trees when fruit 

is abundant; residents and transients alike. Subordinates, 

especially males, defer to dominant members for choice spots. 

At such times, individuals naturally engage socially. 

Orangutans sporadically practice geophagy: eating soil or 

rock. They do so: 1) to add mineral nutrients; 2) to detoxify, 

by ingesting clay that absorbs poisons; or 3) medicinally, to 

treat a disorder, such as diarrhea. 

Orangutans apply dayflower leaves as an anti-inflamma-

tory balm, after first chewing the leaves a bit to produce a 

useful lather.  

Foraging is not an exercise in rambling about the home 

range. Orangutans have excellent memories, allowing them 

to remember the multitude of food source locations, and the 

time of year when different fruits ripen. 
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The tasty pulp and seeds of Neesia fruit – rich in fat and 

protein – are guarded by sharp needle-like hairs, making get-

ting at the treat using the fingers too painful. So, a smart 

Sumatra orangutan teases out the treat with a stick. These 

orangutans also modify sticks to reach honey or insects nes-

tled in trees. And go fishing. They might also use a stick for 

scratching their back. When it rains, they hold large leaves 

over their heads as umbrellas. 

Orangutans also employ tools in agonistic situations: 

grabbing a piece of bark for a fight with another orangutan; 

clubbing snakes, lizards, and other animals with sticks; or 

throwing objects at other animals. 

Orangutans use coconut shells or husks as dippers and 

fluid or food containers. They use crumpled leaves as a 

sponge to absorb water to drink. 

Orangutans make seat cushions from leaves, as well as 

making more elaborate beds for a good night's sleep. Night 

nests are carefully constructed: taking up to 10 minutes to 

build a sturdy nest, that, if well done, may last for months to 

well over a year if in a densely wooded area. 

Orangutans cognize material properties and mechanical 

design. They use strong, rigid branches for the structural 

part of a nest to support their weight, reserving weaker, more 

flexible branches for a nest's lining. Further, support 

branches are fractured differently than lining branches. 

Orangutans know the ways in which branches break, and use 

that understanding to build safe, comfortable nests. 

Orangutans have learnt about the mechanical properties of 
wood and use this knowledge in a clever way. ~ English bio-
mechanist Roland Ennos 

If anything, night nests are over-designed, as they are al-

most always used only once, unless there is no other choice. 

Changing night nests is sanitary: an excellent way to avoid 

ectoparasites and the diseases they carry. 

Youngsters learn from mom. From 6 months on, 

orangutans practice nest-building, becoming proficient by 

the time they are 3 years old. Nest-building is a leading factor 

in juveniles distancing themselves from their mother for the 

first time.  
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Chimpanzees also build sleeping nests, though they are 

not as accomplished as those built by orangutans. An experi-

enced chimp will put together its night nest in a minute. 

In climbing a thorny tree, an orangutan might use stacks 

of leaves as gloves to pad the hands and feet. Leaf glove use 

has been seen more often among Sumatra orangutans than 

those in Borneo. 

Unlike most forest-dwelling primates, orangutans are ra-

ther silent. They move noiselessly. 

While male orangutans may journey through the forest 

alone, they maintain their social connections. A male on the 

move schedules his day: announcing the evening before 

where he plans to go the next day. If he alters his plan, or 

decides on a different route, he lets his friends know. 

Wild orangutans do not simply live in the here and now but 
can imagine a future and even announce their plans. ~ Dutch 
primatologist Carel van Schaik 

Orangutan communication is not well understood. They 

clearly have a wide variety of vocalizations: grunts, barks, 

squeaks, and screams. Orangutan young scream when dis-

tressed but are otherwise quiet. The repertoire includes 

"blowing a raspberry": putting the tongue between closed lips 

and producing a flatulent sound. Body language is often used 

to communicate. 

When annoyed, an orangutan will suck in air through 

pursed lips. Japanese people do the same when facing a dif-

ficult situation.  

Chantek – a male orangutan – was born in captivity. He 

was reared much like a human child: toilet trained and 

taught to do household chores. Chantek mastered sign lan-

guage, becoming so proficient that he invented some signs of 

his own upon discovering new objects. Chantek also under-

stood spoken English. 

Loud vocals are rare, apart from the personalized histri-

onics that flanged males summon: the long call, which at-

tracts fertile females interested in that male. 

The last long call of the day is when a flanged, male 

orangutan tells his ladies where he is, and is going to be. Fe-

males stop moving when they hear this call and bed down for 
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the night. In the morning, they travel in the direction indi-

cated by the call.  

Females have decided mating preferences, both generally 

and individually. Females typically prefer the most dominant 

male with whom relations are cordial.  

Females consorting with a dominant male are less likely 

to be raped, as a dominant male normally won't tolerate an-

other male nearby. Rape is somewhat common, particularly 

by young, transient (unflanged) males, who have little pro-

spect of sex otherwise. 

As males take no part in upbringing, a dominant male 

happily sires the offspring of several females. 

 Gorillas  

Gorillas are the largest primate. 

Adult males average 157 kg and stand 

1.7 meters. Dominant silverbacks may 

reach 230 kg and 1.8 m. Females are 

1/3rd smaller than males and about half 

the weight. 

In the wild, a gorilla may live 30–40 years. Zoo gorillas 

have lived to be 50 and more. 

Gorillas have short, compact bodies, though with thin, 

long arms, averaging 2.4 meters (females: 2.1 m). Long arms 

afford gathering fruit and leaves otherwise out of reach. 

Gorilla sight, smell, hearing, and touch are comparable to 

humans, but their sense of smell is decidedly better. Gorilla 

vocal cords are different, limiting their vocalization versatil-

ity. Gorillas tend to be quiet, though they bark when curious, 

hoot when alarmed, roar when upset, mumble softly and 

belch when content. 

Facial expressions are telling. Gorillas display a range of 

emotions that mirrors humans. A stern, fixed stare with lips 

together tightly shows aggression. An open mouth with ex-

posed canines conveys surprise or fear. Eyes shift nervously 

when afraid.  

If uncertain, a gorilla pulls its thin lips against its teeth, 

much as a person would. The tongue may peek out of tight 

lips when concentrating, as humans do. A playful display is 
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made by relaxed eyes and a casually open mouth without 

showing teeth. 

Gorillas gesture. A slap displays displeasure. Submission 

is shown by a compacted body, arms folded in front or over 

the head, like people do when they feel defeated.  

Males beat their chest to show aggression, but also as a 

signal to maintain contact at a distance. The hollow sound of 

chest thumping may be heard a kilometer away. 

Male gorillas have massive, wide chests, and powerful 

shoulders, necks, and backs. They are also naturally potbel-

lied.  

A male gorilla reaches maturity at 10–13 years. At this 

age, it grows a thick crown of head hair. The hair on its chest 

falls out. The hair on its back turns silvery gray. Hence the 

term silverback for the dominant male of a troop.  

Younger males are called blackbacks. All young and fe-

male gorillas have black hair. 

A vegetarian diet has a lower concentration of nutrients, 

requiring a lot of gut room. An adult male may eat 23–30 kg 

of food a day. 

Favorite gorilla foods include bamboo, wild celery, and 

blackberries. Bracket fungus is a treat, and so well-liked that 

its discovery is likely to raise a ruckus if the find is spotted 

by more than 1 gorilla. 

Plant leaves, branches, stems, roots, and fruit are all on 

the menu, depending upon availability. Termites and ants 

supplement the diet. Gorillas seldom drink water, as their 

diet provides enough liquid. 

Gorillas are slow, deliberate eaters. They carefully exam-

ine their food, choosing the best fruit and leaves.  

Gorillas use their long fingers to peel away the hard outer 

parts of plant stems so they can eat the juicy inner pulp. Go-

rillas like to hum, grunt, or smack their lips while eating. 

A particularly tasty morsel may prompt a gorilla to dis-

tance itself from the group before eating, to avoid having it 

stolen or having to share. Otherwise, the natural sounds of 

consumption contentment would give a gorilla away. 

Like chimps, gorillas knuckle-walk, which saves wear 

and tear on the hands. The backs of their knuckles are pro-

tected by thick calluses. 
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Gorilla and human hands are similarly shaped. Like 

chimpanzees, gorillas have prehensile feet. 

Like humans, infant gorillas have baby teeth which fall 

out and are replaced by an adult set. Gorillas are also like 

humans in having a 4-chambered heart, and the same blood 

types (A, B, AB, O). 

While they spend a lot of time on the ground, gorillas 

make a night nest in the trees to sleep in; a task that typically 

takes a minute or 2 for a skilled builder; up to 5 for the less 

adept. For hygienic reasons, gorillas never use the same nest 

twice. Gorillas may defecate in their nests at night but their 

dry manure doesn't stick to their fur.  

Gorillas lead nomadic lives. Each day they travel to a new 

area of their home range. Constant movement avoids over-

grazing. The general pattern is to forage a ways away: from 

a few hundred meters for mountain gorillas to several kilo-

meters for lowlanders. 

Troop ranges of mountain gorillas run 6–12 km. Lowland 

gorillas have a somewhat larger range, as their food re-

sources are more widely dispersed.  

Gorillas are not territorial. Troop ranges often overlap. 

Lone males may have a home range that overlaps that of sev-

eral troops.  

Though they prefer not to run into each other, 2 groups 

may feed side by side without conflict. In such situations, 

adults tend to ignore one another, thought juveniles of the 2 

groups may play together.  

Gorilla troops number 2 to 30. Troop hierarchy has at its 

apex a dominant silverback male, overseeing a harem of 

breeding females and their young.  

A troop acts as a family. A silverback will give his life, if 

necessary, to protect his troop. This social structure makes 

for an orderly society. Violations of social mores are dealt 

with swiftly and firmly. The dominant silverback rules. If 2 

are fighting over food, a stern stare from the silverback ends 

the conflict. 

Females and males may leave a troop when they mature. 

Gorillas are careful to avoid inbreeding. A young male typi-

cally lives alone for several years, until able to seduce a fe-

male into joining him to form a new group. 
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Only the dominant silverback mates with the females in 

his troop. His troop's offspring are his own. When a new sil-

verback seizes control of a troop, or takes in a new female, he 

may kill infants sired by other males. 

Chimpanzees often employ sexual behavior for bonding 

among group members. Gorillas are not so inclined. 

Gorillas mate only occasionally, any time of the year, as 

the tropical climate provides food year-round. The female 

menstrual cycle generally follows the lunar cycle, as it does 

with women. Gorilla mating usually occurs mid-cycle, close 

to ovulation. Females initiate mating more often than males. 

Gestation is 8 1/2 months; a couple of weeks shy of human 

gestation. After birth, a mother licks her newborn clean, and 

often eats the placenta. 

Females bear a single offspring. Twins are rare: 1 in 110, 

as contrasted to 1 in 80 for humans. A female bears a child 

once every 3 to 4 years; sooner if baby does not survive. 

Gorillas are attentive, caring mothers. Mothering is a 

learned skill. As gorillas are polygynous, mothers are the pri-

mary caretaker. 

Baby gorillas need affectionate nurturing to grow into 

healthy adults. Uncared-for females do not know how to be 

good mothers. Young females practice and learn parenting 

skills. Mothers let an older daughter babysit from time to 

time. 

A female may have only 3 to 4 progeny that survive to 

adulthood. The first years are the most dangerous. Nearly 

half of offspring die before reaching 6 years, from disease, 

hardship, or injury. Most fatalities are infants less than a 

year old. In the best of times, gorilla populations grow very 

slowly. 

One silverback may challenge another for troop domina-

tion. They beat their chests, grunt, howl, and break off tree 

branches to show their determination. Before leaving his 

home group, a young male may challenge the troop leader, 

almost never successfully.  

Seldom does a challenge come to bites or blows. Intimida-

tion most often does the trick. A gorilla concedes defeat by 

staring at the ground or leaving the scene. 
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Gorilla troops generally lead a relaxed life. Mornings and 

afternoons are spent foraging and feeding on favorite foods. 

In the meantime, adults nap in a nest while youngsters play. 

Young gorillas like to tickle each other, wrestle, play follow-

the-leader, king-of-the-hill, and tag. All gorillas in a troop, 

even the silverbacks, play gently with babies. 

Females reach reproductive maturity around 8 years; 

males about 10 years. Gorillas have a longer adolescence 

than any other primate save humans. 

Grooming consumes a fair portion of free time, though go-

rillas are not as tactile as some other primates. Gorilla babies 

are in almost continuous contact with their mother. A mother 

grooms her offspring. Adolescent friends sometimes groom 

each other. Adult females groom the dominant silverback, 

though without reciprocation. Otherwise, grooming between 

adults is rare. 

Gorilla life is typically idyllic in its peacefulness. Disputes 

do arise from time to time, however short-lived. 

Gorillas throw objects agonistically. At one zoo, a female 

gorilla would frequently strip a branch from a tree, sharpen 

a point at one end with her teeth, and chuck the spear at a 

disliked caretaker.  

Gorillas can creatively employ tools. One female was ob-

served sitting on a stump digging herbs with a stick. Another 

tore a branch off a tree to help gauge water depth as she 

waded into a deep pool.  

Overall, gorillas are not big tool users, as there is little 

need. Most everything needed is at hand. Nest-building is 

about the only manipulative skill that a gorilla regularly 

practices. 

As with chimps, female gorillas tend to use tools more of-

ten than males. Tool tips are shared. Mothers train their 

young for 3 to 5 years on a variety of matters, including tool 

use. 

Human researchers long wrongly considered gorillas a 

lesser intelligent primate, especially compared to chimpan-

zees. This may have been because they are more gentle, shy, 

less aggressive, and vegetarian. 
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Gorillas flunked the mirror test. The gorillas didn't even 

look. The researchers were stumped for quite some time, con-

sidering the complex social structure that gorillas have.  

Finally, it dawned upon the dim humans that gorillas are 

shy of making sustained eye contact. For a gorilla, staring is 

an act of aggression. A quick glance at a mirror image, seeing 

another gorilla, satisfies a gorilla of a presence. Further cu-

riosity about the mirror image is curtailed out of politeness. 

 Koko  

Koko has some predisposition to think and analyze. The ways 
in which she learns about the language are similar to the ways 
human infants experiment with language, particularly deaf chil-
dren learning the same language Koko is acquiring. Koko has a 
grasp of the underlying structure from which signs are gener-
ated. ~ American psychologist Francine Patterson 

Koko became a famous gorilla. Born 4 July 1971 at San 

Francisco Zoo, Koko was taught sign language a little late: 

beginning when she was 1 year old. Koko came to understand 

more than 1,000 signs of sign language, and about 2,000 

words of spoken English.  

Koko invented new signs to communicate novel thoughts. 

Upon seeing a ring on a human finger, Koko had no word to 

point it out, so combined finger and bracelet to describe what 

she saw. The first time Koko saw a duck on a lake, she signed 

"water-bird." Melon juice was described as "fruit-drink."  

The essense of Koko's humor is her ability to diverge from 
norms and expectations in a recognizably incongruous manner. 
Her humor taps in various ways her capacity for displacement, 
a cardinal attribute of symbolic communication. These capaci-
ties are further confirmed by a number of Koko's other creative 
uses of language. ~ Francine Patterson 

Having been reared by humans, without normal gorilla 

social inhibitions, Koko readily passed the mirror test, show-

ing that gorillas possess self-recognition, though they would 

be too shy to show it in the wild. 

Koko also played with dolls, treating them maternally: 

carrying, cradling, kissing, putting a doll's face on her nipple 

to suckle.  
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A grieving adult female gorilla in the wild, who had lost 

her 1-month-old infant, fashioned a doll from vegetation and 

treated it with the same care as she had her child. Chimps 

are also known to indulge in making and playing with dolls; 

one instance involved a young male.  

Koko shares many of our mental experiences. When she 
looks at the world, she is conscious of her surroundings and, to 
a degree, of the laws that govern them in much the same way 
that we are conscious. ~ Francine Patterson 

 

Gorillas share their habitat with hundreds of animal spe-

cies, but direct interactions are few. Gorilla lifestyle, includ-

ing vegetarian diet, is ecologically idyllic. 

Gorillas are among the most powerful creatures. Few 

predators will attack a gorilla troop, excepting leopards and 

humans. A leopard my occasionally stalk and kill a young or 

weakened gorilla.  

 Chimpanzees  

Our genetic cousin is half our size 

and weight. As with humans, chim-

panzee sexual dimorphism is modest. 

Adult female chimps are 0.66–1 m 

and 26–50 kg, while males are 0.9–1.2 

m and 35–70 kg.  

Though they face many dangers, chimps may live for 

more than 50 years. 

Chimpanzees are quadrupeds. They are excellent climb-

ers, but also travel on the ground.  

As their arms are longer than their legs, chimps walk on 

all fours. Their heads are above their backs and rear, letting 

them easily look forward instead of down. To protect their 

hands, chimps walk on their knuckles. Better than gorillas, 

chimps can walk on 2 feet for short distances but find 

knuckle-walking faster and easier. 

Chimpanzee hands resemble human hands, with 4 flexi-

ble fingers and opposable thumbs. Chimps have nails on their 
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fingers and toes, not claws. They readily grasp objects as hu-

mans do. Chimp thumbs are shorter than ours. A chimp can-

not touch its thumb and forefinger together. 

Chimp feet look much like human feet, but the big toe is 

longer, more flexible, and more useful. A chimp can readily 

grasp objects with its feet; something we cannot do. 

 Diet  

Chimpanzees are omnivores. They will eat anything that 

is not toxic: flowers, fruit, foliage, eggs, birds, and small 

mammals, including monkeys. 

Each morning, community members break up into small 

groups to forage. A mother and her children are a typical for-

aging group. If they find a tree full of fruit, they tell the oth-

ers with excited cries. 

Chimpanzees remember when certain tree species pro-

duce fruit. They use their botanical knowledge to forage.  

Chimps hunt when the opportunity presents itself. They 

are the only ape that hunts in groups. 

Males are more prone toward hunting; a relative few do 

so on their own. Most prefer a group endeavor led by the troop 

leader. Several chimps may work together to stalk monkeys 

in the trees. Some wait quietly while others drive monkeys 

into an ambush. 

Hunting necessarily becomes a cooperative venture when 

larger or more elusive prey is spotted. A troop will encircle a 

hapless intruder, driving it toward others in the hunting 

party until the animal is caught. A kill is made by a bite to 

the neck, or battering it with a rock, stick, or bashing it onto 

the ground.  

A successful hunt is cause for celebration: a time of great 

excitement. The catch is shared among the hunters, with the 

killer doling out the spoils. The males tolerate begging fe-

males, who can get a bite if there is enough to go around. 

 Tool Use  

Palm hearts are tasty but not an easy treat. How does a 

chimp connoisseur procure oil palm pith? First, climb up the 
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palm tree. Pry apart branches with hands and feet. Pull off a 

palm frond. Use the frond as a pestle to pound the hard-

shelled pith at the center of the tree crown, softening it. 

Lunch is served: scoop up the pounded pith. 

Nuts are cracked using a flat stone as a hammer, after 

placing the nut on a stone anvil. 

Chimps readily pick up sticks and large stones for weap-

ons. Using their teeth, they sharpen sticks for hunting 

spears, such as for stabbing bush babies deep within tree 

nests. Those little night monkeys are delicious. A chimp does 

not need to see that a bush baby is there. Indirect evidence 

indicating the likelihood of a bush baby lunch is sufficient to 

work a spear. 

Chewed leaves are wadded up to sponge up water in the 

hollows of trees, or even to drink from a stream. Leaf spong-

ing is quite common. 

When water is scarce, chimpanzees dig up water-holding 

roots and carry them along like a thermos. To get a drink, 

they squeeze water from the root pulp. 

Chimps use leaves as napkins, as a washcloth, or for toilet 

paper. 

Chimpanzees learn to fish for termites and ants. The pro-

cess takes years, as chimps must learn when to fish. October 

and November are peak termite season. They must locate 

sealed termite tunnels. Then there is the issue of tools, which 

are typically carried to the site.  

Sturdy but pliable twigs are stripped of leaves, bitten off 

to get just the right length. The stick tool is then inserted in 

the tunnel with a twisting motion, to follow the curves of the 

termite tunnel. A chimp vibrates the stick to alert and attract 

termites. The stick is then carefully retracted, to avoid scrap-

ing off the termites on it. Finally, a lick of the stick, and yum: 

tasty termites. An anthropologist researcher who studied the 

technique for months was no better at it than a novice chimp. 

Army ants are a spicy staple. Chimps eat them year-

round. Eating ants requires the right tools. Scooping up army 

ants with the hands would just mean getting badly bitten. 

Chimpanzees prefer a specific woody plant for their ant dip-

ping sticks. Longer sticks are preferred for more aggressive 

ants, to avoid their crawling on the fingers. 
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Researchers have seen over 35 distinct tool types used by 

different chimp colonies. After being shown how, captive 

chimps demonstrated the ability to combine tools, and do so 

cooperatively, such as putting boxes one on top another to 

reach a hanging banana that cannot be otherwise reached, 

even with a stick. One chimp knocks the banana down while 

others help stabilize the boxes. Chimps form a mental repre-

sentation as a basis for problem-solving. 

Tool use follows the human pattern: apprentices learn 

from masters. Female chimps are the big tool makers and us-

ers, some creating clever adaptations.  

Adult male chimpanzees seldom employ tools except as 

battle weapons. As such, males do not depend on food requir-

ing tool use. Females may have evolved greater tool use be-

cause they do not participate in group hunting. 

Tool use among chimpanzees is cultural. If a chimp is us-

ing a tool to good effect, others in the community observe and 

learn.  

All chimpanzees sleep in nests made in the trees from 

sticks and leaves, which are normally built each night; 

though chimps use them for a siesta during the day. Juve-

niles learn nest-building skills from their mother. An infant 

sleeps with mom in her nest. 

Chimps like firm, stable beds. They strongly prefer 

Uganda ironwood trees to sleep in. Its wood is stiff, with 

branches that have the best bending strength.  

Mothers teach their young a diverse variety of survival 

skills, tutoring them for 3 to 7 years. The young copy mom. 

Early attempts are often clumsy. Along with motherly tips, 

practice renders proficiency. 

 Communication  

Chimpanzees definitely have a very complex communication 
system that includes a variety of vocalisations, but also facial 
expressions and gestures. Chimpanzees use vocalisations in a 
sophisticated manner, taking into account their social and envi-
ronmental surroundings. ~ Canadian primatologist Ammie Ka-
lan 
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Chimps chat and gesture. Human hand gestures tend to 

be like those used by chimps, who tend to profusely gesticu-

late. Chimps try to convey how they feel and what they think. 

While many gestures are individual, certain gestures are 

a social norm, or innate. Presenting one's rump, crouching 

down, or holding out a hand indicate submission. 

Facial gestures are quite expressive, owing in part to hav-

ing loose, flexible lips. Toothy grins are of fear. When to-

gether, scared chimps will touch each other for emotional 

support. 

A pout indicates interest, especially for a food. Wide-open 

eyes show excitement. A male chimp may flip his lip when he 

sees a female he is fond of. A grimace or frown is a sign of 

aggression. Lips squeezed together are often seen during 

fights. 

Chimp speech nominally comprises 13 distinct types of 

calls, but their vocalizations are tremendously varied, con-

veying message content and emotion.  

Chimpanzee vocal cords are unlike their human descend-

ants; so, they do not speak in the same way. Chimps have 

tonal languages, analogous to the tonalities found in Chinese 

and Vietnamese. 

Each chimp has its own distinctive voice, with character-

istics reflective of its personality: louder or quieter, high- or 

low-pitched. Members of a troop recognize one another by 

their voice. 

Young chimps learn the nuances of the language used by 

adults. A chimp relocating to an area with a different dialect 

quickly picks it up.  

Chimpanzees make long-distance calls to each other, 

which are called a pant-hoot. A pant-hoot is made accounting 

for the acoustics of the immediate habitat. Slower, lower-fre-

quency calls are made in a forest, to compensate for sound 

scattering, than in a more open area. 

Chimps have been taught sign language and use it 

adroitly, including employing basic syntax. A chimp named 

Washoe learned more than 300 signs, and even concocted 

some of her own. Her son learned 50 signs from his mother. 

Chimpanzees comprehend symbolic representation, such 

as name, number, and color. They have learned to use 
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symbolic keyboards, to ask questions and request food. One 

research chimp – Kanzi – understood spoken English. 

Like people, chimpanzees take into account the infor-

mation that others may have in deciding to speak up. A 

chimp is more likely to let others know of a potential threat, 

such as a snake, if it thinks that they are not yet aware of the 

danger. Otherwise it keeps the obvious to itself.  

 Personality & Emotions  

There are striking parallels of personality between chimpan-
zees and humans. ~ American psychologist Sam Gosling 

Humans personalities have 5 recognized dimensions: so-

ciability, amiability, conscientiousness, neuroticism, and ex-

periential openness. The observed chimp variant of 

conscientiousness is methodicalness.  

Chimps are not inclined to the chronic emotional indul-

gences that many people are. But they are subject to deep-

seated mental stress, which relates to fear. The chimp equiv-

alent of neuroticism is reactivity. 

Chimpanzee society is invariably hierarchical. Thus, 

chimps have an additional dimension of personality not gen-

erally recognized by psychologists for humans: dominance. 

While human groups commonly have dominance hierar-

chies, and an innate sense of preeminence in relationships, 

some people also have a sense of egalitarianism. People do 

have a similar personality dimension relating to social sta-

tus, but it is somewhat subdued compared to chimps. 

Chimpanzees demonstrate empathy and have innate 

senses of reciprocity and fairness. Compassion motivates, as 

does a sincere request for help.  

Chimpanzee sense of empathy is limited to familiars. Un-

familiar chimps, or other animals, such as baboons, merit no 

such response. 

Chimpanzees and gorillas are as emotive as humans: con-

veying a wide range, including grief, frustration, and joy. 

Their faces and gestures express what they are feeling, as do 

their hugs and kisses, hand holding, pats on the back, and 

mutual grooming. 
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Chimps have a sense of humor. They love to tickle each 

other and laugh. 

Chimps have an aesthetic appreciation of Nature. They 

contentedly sit and enjoy beautiful sunsets. 

On the sadder side, imminent mortality brings anxiety to 

close relations. Dying friends are looked after, and their loss 

mourned. An infant whose mother dies may be beyond conso-

lation: refusing to eat and starving itself to death within a 

few weeks. Out of grief, a mother whose infant dies may re-

fuse to abandon it for days or weeks. 

 Parenting  

A female chimp may have 4 or 5 offspring in her life, giv-

ing birth every 5 to 8 years. She continues to care for her 

older children when a newborn arrives. 

The nuclear chimpanzee family comprises a mother and 

her children. The closest relationships are between a mother 

and her grown daughters, who help with rearing youngsters. 

A female with a newborn, but no family relatives, may seek 

the protection of a male.  

A female mates with several males. With uncertain pa-

ternity, males have no interest in babies or paternal caretak-

ing. 

Gestation lasts 200–260 days; about a month shorter 

than human pregnancy. Birth comes at rest in a tree nest, 

usually at night. Twins are rare. 

Babies are of great interest to the family, but chimp moth-

ers are highly protective of their infants. 

For the first 3 months, a baby clings to its mother. After 

that, an infant strays for short periods; though mom is al-

ways nearby, keeping a sharp eye on her precious little one. 

She still carries her child as she travels through the forest. 

At night, the baby sleeps cuddled in mom's arms. 

At 4 months, a baby starts eating solid food, at first bor-

rowing bits from mother to try. Young chimps take all their 

early cues from their mother. 

Not until they are 3 years old do younglings venture more 

than 5 meters from their mothers. Their infancy ends be-

tween ages 4 and 6, when they are weaned. 
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Like many mammals, weaning is the first significant ne-

gotiation in a young chimp's social life. While the outcome is 

certain, an infant has no knowledge of that. 

From an infant's perspective, weaning is conducted with 

a social partner of paramount importance to survival. The 

process leading to resignation, and inevitable entry into a 

new phase of increased independence, shows a combination 

of conflict and conflux of interests, and a cycling between pos-

itive and negative interactions.  

This first significant pattern of conflict as negotiation will 

be innumerably repeated in a chimp's life. It is particularly 

critical to ambitious males, who, as adults, constantly jockey 

for social position. 

Young chimps are most playful when 3 or 4 years old. 

They learn socialization, particularly communication and 

grooming, which plays a large part in chimpanzee social life. 

Chimpanzees share the trees of their tropical forest with 

a variety of birds and monkeys. Young chimps and monkeys 

sometimes play together if their family groups are nearby, 

and the vicinity feels safe. 

At first, an infant is groomed only by its mother. Later, 

when the child has learned how to groom, it begins to join in 

grooming sessions with others. 

Adolescent chimps play with sticks as toys. Juvenile fe-

males tend to carry sticks as dolls, mimicking childcare.  

Young males are more into rough-and-tumble play. Sticks 

are more likely brandished as a weapon. Mock battles are 

common. 

At 8 years, a youngster is half the size and weight of an 

adult. It can fend for itself. But chimps stay with their 

mother until they become adults, at the age of 13 or 14 years. 

Chimpanzees mothers endow their offspring with essen-

tial skills. Social skills are especially important. 

 Sociality  

A happy chimpanzee is one that is living in a complex society 
with his fellows. ~ American primatologist Stephen Ross 

After a bit of socializing, a chimp starts its day with a 

morning forage. Chimps might take to a cool cave to get out 
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of the hot Sun, sometimes enjoying a picnic lunch. Several 

hours are spent with a midday meal, relaxation, and social 

activities. 

Time to forage again in the afternoon. Up to 6.4 km may 

be traversed during a day, searching for food. Chimps spend 

a lot of time in the trees, as well as sleeping there in nests. 

Much time is spent socially: grooming and in play. 

Friends and family stay together. 

What draws and keeps both chimpanzee and human friends 
together is similarity in gregariousness and boldness. ~ Jorg 
Massen 

A chimp's closest companions are those who are like-

minded. Chimps are most comfortable with others that ap-

proach the world like themselves. 

A chimpanzee has little body fat, so a chimp does not float 

in water. Therefore, as suitably adaptive behavior, most 

chimps avoid going into the water. Contrastingly, savanna 

living Fongoli chimps in Senegal frolick in the water. These 

are the same tool maven chimpanzees described before. 

These behaviors are cultural adaptations. 

Chimps live in a fission-fusion social group: a community 

of up to a few hundred individuals, with dynamic sub-groups 

that include families, friends, and coalitions.  

Everyone in the community recognizes one another. Each 

community member has a relationship with most every other 

member. Hence matrices of bonds exist. Though similar in 

nature, chimp society is more close-knit than modern hu-

mans have. 

There are separate male and female dominance hierar-

chies in chimp communities. Females typically inherit the 

ranks of their mothers.  

An alpha male leads a community, with strata of subor-

dinates. Male leaders defend the community from predators 

and home wreckers and help keep the peace.  

Coalitions among chimpanzees, particularly adult males, 

are exceptional in their frequency, complexity, and flexibility. 

The most persistent coalition is an alliance by relation or 

close friendship, especially friends bonded from an early age.  
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Some males are notoriously fickle: opportunistically 

changing sides to be in the winning team at the moment. Be-

ing in a winning coalition notches a male up in social rank, 

with better likelihood of mating with a female in estrus. 

Male coalitions often enter into alliances with high-rank-

ing females who have their own cliques. 

Males complete a border patrol around the community 

territory every few days, looking for possible incursions by 

horny males seeking females. 

Chimps are territorial. A typical range is 5–52 km2 in 

forests, and 117–557 km2 in grasslands.  

If chimps on patrol hear a rival group, they stealthily ap-

proach to check out the situation. If they think they outnum-

ber the outsiders, they hoot and scream to drive them away. 

Fighting within a community does occasionally happen. 

Members of rival groups will readily kill one another. Chim-

panzees fight by hitting with clenched hands and feet. They 

scratch and bite. 

Overcrowding can lead to violence, with rival males in the 

same troop fighting one another. At such times, adult males 

may kill infant males. 

Though rare, a social schism in male leadership can break 

a peaceful community into camps. A breakdown in comity 

and sense of resource entitlement can lead to war.  

Chimpanzee violence can be extreme in its brutality. 

Male chimps may be castrated or disemboweled for insubor-

dination. 

Females do not escape violence, either as victim or perpe-

trator. A stressed male may routinely beat his mate to try to 

prevent her from choosing another.  

Murderous sociopathy was seen in a mother-and-daugh-

ter duo that stole, killed, and ate baby chimps from their own 

community. Such violent mental illness is rare in chimps. 

The primal aggression of humans descends from chim-

panzees. It exists for much the same reasons and is similarly 

motivated. Like chimps, bands of human aggressors are al-

most always male. 

Adult male chimp life is not all security detail and ultra-

violence. Sometimes they get wild: males often break out 

with a crazy dance, designed especially to impress other 
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males. They make their hair stand on end. They stamp their 

feet, break branches, fling rocks.  

Rain and wind is a great excuse for a dance party. Adult 

males dance together, stamping and hooting as the rain 

pours down and the wind howls. 

The hollow trunks of trees make great drums, pounded 

on by agile feet. The noise carries far into the forest, letting 

other chimps know that this troop is still alive and well: rock 

n' roll, chimpanzee style. 

Male adult chimps come and go from their troop from 

time to time but return from a foray with an emotional "wel-

come back." Females tend not to travel as much as males, 

preferring to forage within community territory. 

Unlike most other primates, males remain in their natal 

community. Males welcome new females into their commu-

nity. 

Young, sexually mature females typically emigrate to 

another community, thereby precluding inbreeding, which 

would weaken the gene pool. Females in large communities 

sometimes do not emigrate.  

The females of early hominins, Australopithecus afri-

canus, also emigrated to find mates (patrilocality). Humans 

descended from these australopithecine ancestors. 

In contrast to outgoing females, with their social graces, 

adult chimpanzee males are too aggressive toward male 

strangers to form bonds. Males only bond with those who 

they grow up with.  

Young males are accommodated into the social structure 

of their troop. A male's ascent in the hierarchy depends upon 

his personality. The highest positions are held by the smart-

est, socially savvy chimps, not the largest or strongest.  

Chimpanzees create a hierarchical social arrangement 

that accommodates sharing, tolerance, and alliances from be-

low.  

While high-ranking individuals have disproportionate 

privileges and influence, their dominance depends to some 

degree on acceptance by those who submit. Ultimately, dom-

inance creates a responsibility to deliver benefits to the 

group, whether the leadership is in successful hunting or in 

maintaining social order. 
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The dominant male is the first to mate with a female in 

heat. Others wait their chance. Several may mate with a fe-

male in quick succession. High-ranking males who habitually 

practice sexual coercion have more offspring. 

Long-term patterns of intimidation allow high-ranking males 
to increase their reproductive success. ~ American evolution-
ary anthropologist Joseph Feldblum et al 

Sometimes a female in estrous goes into the forest accom-

panied only by a chosen male. The pair honeymoon for sev-

eral days: a practice known as consortship. It is a most 

auspicious time for a female to become pregnant.  

Festering conflicts rent the social fabric of a group. 

Chimps maintain social cohesion by policing conflicts.  

Impartial nonparticipants will intervene in an ongoing 

quarrel to quell it. The policing role is typically taken by high-

ranking member of the group, female or male. 

Chimps practice reconciliation, which ameliorates linger-

ing hard feelings. After a fight, and a bit of cooling off, chimps 

will approach each other. One of the former combatants will 

extend his hand for a shake. This is often followed by an em-

brace, even sometimes a kiss. 

The tension between competition and cooperation works it-
self out in a negotiation process characterized by agonistic con-
flict, temper tantrums, greeting ceremonies with uncertain 
outcomes and so on. The end result is often a state of mutual 
acceptance and respected boundaries of behavior. ~ Dutch pri-
matologist Frans de Waal 

Alliances and social status profoundly affect the lives of 

male chimps, whereas such social machinations are less 

pressing to the immediate prospects of females. As such, rec-

onciliation is generally more critical to males than females. 

Conflicts among males are more often quickly reconciled than 

those between females. 

Chimpanzees share as readily as humans. The inclination 

to selfishness or generosity is an aspect of personality. The 

closeness of social bond often makes a difference. In these re-

gards, chimps exhibit the same spectrum of sharing as hu-

mans. 
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Oxytocin – the bonding hormone for humans – works in 

selfsame fashion with chimps. Food sharing creates a social 

bond by elevating oxytocin in both giver and receiver.  

Like humans, a chimp's natural selfishness is tempered 

by social considerations. Given the choice between being pop-

ular and making out materially, most chimps prefer profit. 

Materialism is as inbred in chimpanzees as it is humans. 

Chimps are at least as cooperative as humans, if not more 

so, as their societies are more closely bonded, and anti-social 

behavior more strictly proscribed.  

Younger chimps generally respect their elders. This is a 

product of chimpanzee upbringing and culture. 

Chimps console each other. A chimp having witnessed an 

altercation, but not involved, will approach one of the fight-

ers, with a consoling hug, kiss, or grooming; winner or loser. 

Like reconciliation, consolation eases group tension poten-

tial. Consolation indicates empathic theory of mind. 

Frans de Waal observed "Mama," a senior female, act as 

a chimp arbitrator. Mama was keen on promoting social har-

mony, particularly among the dominant adult males in her 

group. After a dispute, Mama would approach and group one 

of the participants, loser or winner, and groom him for a 

while, relaxing him. Mama would then gently take the male 

by the hand or arm and lead him to the other former oppo-

nent. She would groom the other chimp, while the first gave 

her a bit of grooming. Eventually, Mama would smoothly ex-

tricate herself, leaving the 2 males grooming each other. 

Chimpanzees not only intentionally coordinate actions with 
each other, but that they even understand the necessity to help 
a partner performing her role in order to achieve the common 
goal. ~ English primatologist Alicia Melis 

Chimps plan and work together to achieve goals. They 

help each other and transfer tools as needed.  

Many of the limitations that chimpanzees have in collab-

oration are not cognitive, but motivational. In their native 

habitat, content with their way of life, there is little incentive 

to perform the complex tasks that they are capable of. 
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 Culture  

Chimpanzee societies tend to be more stable than human 

ones. Communities last from several hundred to 2,000 years 

or more.  

From grooming techniques to tool use to foraging and 

hunting to courtship, different chimpanzee groups have dis-

tinct cultures which are transmitted from one generation to 

the next. Over 3 dozen behaviors have been identified that 

are purely cultural.  

Chimpanzee groups display great stability and longevity. Cul-
tural differences are maintained through social learning, in 
which group members conform to observed behaviour, either 
during their juvenile development or as newly immigrant fe-
males.  

Although females act as an important cultural vector, bringing 
new behaviours into a group when they arrive, resident males 
act as a brake on the speed at which cultural variation accrues. 
Without such a conservative mechanism, cultural differences 
between groups would be eroded with each passing generation. 
~ English archeologist Michael Haslam 

 Intelligence  

The intelligence of chimpanzees is comparable to 

humans. Both are born with immature forebrains that 

develop during childhood. Both to some degree inherit their 

cognitive aptitudes. Chimps and humans learn in the same 

ways. 

Due to bias and unshakable belief in human superiority, 

researchers failed for decades to decently test and report 

results on ape intelligence. How smart is that?! 

Numerous contemporary researchers in comparative psy-
chology have claimed human superiority over apes in social in-
telligence. Direct comparisons of humans with apes suffer from 
pervasive lapses in research designs and systemic interpretive 
bias. Much of the existing scientific research is deeply flawed. 
~ English psychologist David Leavens, American cognitive psy-
chologist Kim Bard, and American psychologist William Hop-
kins, in 2017 
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 In the Mirror  

Chimps learn to recognize themselves in a mirror. At 

first, a mirror appears magical: a chimp treats the image as 

if it were another ape, checking behind the mirror to find the 

other one, just as a human child would. After a few hours, 

having understood the mirror concept, chimps use a mirror 

to view body parts normally hidden from view. 

Chimp learning of how a mirror works mirrors human 

children, who comprehend mirrors between the age of 15 to 

18 months. This comprehension occurs as a series of realiza-

tions rather than a single epiphany. 

 

Chimpanzees have excellent memories; a necessity for 

living in a complex society. Young chimps may be better at 

remembering numbers than adult humans.  

Chimpanzees are capable of introspection: knowing what 

they know, and what is in their mind.  

While the cognitive differences between chimpanzees and 

humans is of degrees, notable differences are both obvious 

and striking. Hominin language development evolved beyond 

what chimps have bothered with. Humans took to altering 

their habitat with an ardor that chimpanzees lack. As with 

the tendency to teamwork, these owe in part to motivation as 

well as aptitude. 

 

For all the studious fascination with our smaller cousin, 

much remains unknown about the inner life of chimpanzees. 

That of course applies to all species, including our own.  

For all the intense interest throughout history, the study 

of human psychology has produced more misunderstanding 

than comprehension. Likewise, the pecuniary folly of human 

economics demonstrates how little men understand social 

systems or the environment in which people live. Modern hu-

man civilization most emphatically illustrates how human 

reach exceeds its grasp, especially husbanding our habitat in 

a sustainable way. In contrast, chimps deserve no such con-

demnation. In sum, to say that humans are smarter than 
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chimps – or any other organism, for that matter – has no ba-

sis in fact when viewed holistically. 

Intelligence, after all, is in the application. There is a lot 

to be said for contentment with enough to eat, a comfortable 

place to sleep, and the company of amiable companions. 

Nothing better typifies the good life better than bonobos. 

 Bonobos  

Of the apes the bonobo is genetically most similar to hu-

mans: 98.7% DNA sequence similarity, slightly closer than 

chimps (by 1.6%). This simplistic measure ignores epigenetic 

inheritance, which is quite telling in expressed traits. Be-

sides, genetics altogether provides a grossly incomplete ac-

counting of the ledger of life. 

Chimpanzees and bonobos split evolutionarily 2.1–1.5 

million years ago, though there has been some interbreeding 

since. The major distinctions between the two are behavioral. 

Bonobos live only in central Zaire, south of the Zaire River. 

Chimpanzees are more patient and more risk-prone than are 
bonobos. ~ Alexandra Rosati & Brian Hare 

Bonobos are the smallest ape. They have longer legs, 

shorter arms, and a narrower torso than chimpanzees. 

There is modest sexual dimorphism in bonobos. The 

typical female weights 31 kg versus 39 kg for males. Either 

sex may be 70–119 cm. In comparison, adult male chimps 

average 50 kg; females 35 kg. The largest bonobos are about 

the same size as smaller chimpanzees.  

Unlike chimpanzees, bonobos are relaxed about life. Put 

it down to sex; lots of it. 

Bonobos are positively randy. Sex works as a show of 

affection, an act of appeasement, a stress reducer, or just a 

good time. Orgasm is seldom involved. Homosexuality, both 

male & female, is as everyday as heterosexuality. Bonobos 

enjoy a variety of positions and creative sex play. Genitals 

are for enjoyment. 

The chimpanzee resolves sexual issues with power; the 
bonobo resolves power issues with sex. ~ Frans de Waal 
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Bonobos are happy-go-lucky compared to their aggressive 

and uptight chimp cousins, or practically any other primate. 

One consequence is that bonobos stay young longer than 

chimps or humans (relative to life span).  

The excitement of finding a new food source can easily 

incite an orgy among bonobos. The only taboo is a mother not 

getting it on with an adult son. 

The biological backdrop to bonobo promiscuity is that fe-

males are more sexually receptive than chimps. Young nul-

liparous females are continuously in estrus and have the 

highest copulation rates. In comparison, adolescent chimp fe-

males show less regular genital swelling. 

Bonobo females are receptive to sex for much longer than 

chimps when pregnant: up to 20 days before giving birth. 

Further, bonobos return to sexual activity within a year after 

parturition, compared to 3.0–5.5 years for chimpanzees. 

That greatly reduces the importance to the males of compet-
ing for dominance and bullying the females. ~ English prima-
tologist Richard Wrangham 

Another comparative factor regards social mores. Adoles-

cent female chimps rarely mate with adult males. In con-

trast, an adolescent female bonobo happily lets an adult male 

have at her. Not surprisingly, adult male bonobos actively so-

licit young females.  

As paternity is an open issue with bonobos, a mother 

rears her child without male assistance. Bonobos are not 

weaned until they are 4–5 years old. 

A young female begins distancing herself from mom 

around 6–7 years old. A female youngster eventually emi-

grates from her natal group. The mother-daughter bond is 

severed. 

Male bonobos remain socially close to their mother 

throughout their lives. A mother's rank within her group de-

termines her son's rank when he attains adulthood. 

Bonobos live in close-knit communities. Unlike chimp and 

human groups, bonobos do not war with their neighbors. 

One reason for such peaceability is diet. Bonobos eat a lot 

of herby vegetation which is abundant year-round. With an 
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inexhaustible food supply, bonobos don't experience competi-

tion for food as chimpanzees do. 

Bonobos are exceedingly gregarious, with dominance hi-

erarchies, alliances, coalitions, and politics. Females, not 

males, hold the highest social rankings, which they achieve 

via social networking. 

Bonobos prefer to share with strangers. They're trying to ex-
tend their social network. ~ Brian Hare 

Humans are apt to share anonymously if the amount 

asked is meager to their wealth, given information that they 

can help someone in need. This coincides with human incli-

nation toward dissonance in cognitive sympathy: a propensity 

to abstraction, even with emotions, thereby being able to ra-

tionalize either compassion or selfishness. 

Such conceptualization does not intrude into the empa-

thies of apes. Chimps have all the empathic inclination of 

capitalists. In contrast, bonobos consider sharing at a per-

sonal level, with an eye to ongoing comity.  

Bonobos pay most attention to behaviours that promote so-
cial cohesion. Bonobos are amazingly good at this: they avoid 
conflicts or resolve them immediately. ~ Dutch cognitive psy-
chologist Mariska Kret 

Bonobos are highly tolerant and are capable of having affilia-
tive interactions with strangers. They care about others. They'll 
share when it's a low-cost / low-benefit kind of situation. But 
when it's a no-benefit situation, they won't share. ~ Brian Hare 

For bonobos, sensitivity to the emotions of others emerges 
early and does not require advanced thought processes that de-
velop only in adults. Bonobos are more likely to comfort those 
they are emotionally close to. Empathy and emotional sensitiv-
ity contribute to consolation behavior. ~ American primatolo-
gist Zanna Clay 

Bonobos are innately empathic. Adolescents readily com-

fort younger and less emotionally competent peers. 

To spontaneously provide consolation is thought to require 
some level of other-awareness or emotional perspective-taking, 
which allows the bystander to both recognize the emotional 
state of the victim and to provide the appropriate response to 
reduce distress. Being able to experience another individual's 
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emotions, while separating them from one's own, is considered 
a more cognitively demanding form of empathy, known as 
sympathetic concern. ~ Zanna Clay & Frans de Waal 

High-ranking male bonobos are more assertive, and their 

mating success higher, than lower-ranking males. Male 

bonobos succeed not by aggression, but by social engagement: 

high-ranking males invest more in friendships with females. 

Female social dominance over males is rare among mam-

mal species. By contrast to chimpanzees, bonobos are espe-

cially striking in this regard. Female bonobos play a more 

dominant social role than any other ape. Because of this, 

bonobos are relatively peaceful primates; a lesson humans 

have been unable to learn. 

Female bonobos to do not dominate or win conflicts 

because of their alliance. It's in their looks. The more sexually 

attractive a female, the more likely she can persuade a male 

to be less aggressive and give way. Charm and allure have a 

winning way with bonobos. 

Bonobos are mostly drawn toward protective and affiliative 
emotions. ~ Mariska Kret 

 Aspects of Life  

All animals face challenges in meeting primal drives: 

getting enough to eat, relative safety, and reproduction. For 

many animals, social relations are also important as a keenly 

felt need and as a source of satisfaction. For animals with 

prolonged lives, urges are coupled to gratifications in a 

reinforcing feedback loop. Emotions incite impetus and 

provide the frustrations and momentary contentments that 

compel sustaining desires. 

 Sustenance  

For plants, sunlight is nutritious, and the soil provides 

vital water and minerals. This does not make life easy.  

Photosynthetic plants must act to get what they need: 

moving, growing, and self-pruning leaves and branches that 

no longer meet their quota.  
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Being rooted to the spot with an autotrophic lifestyle is 

the complete opposite to the animal experience. Animals 

must forage or hunt for their food. Even an ambush involves 

putting oneself in a certain spot. 

What plants and animals share in common is frequent 

competition to meet needs: sometimes from conspecifics, but 

almost always from other species.  

Access to limited resources is a strong driver of evolution. 

As microbial biofilms illustrate, the benefits of joining forces 

forms the foundation upon which sociality is built. 

 Bats   

Comprising 1/3rd of all mammal 

species, bats are long-lived social 

creatures. Colonies may number in 

the millions; but bats are cliquish, 

roosting with friends. Some species 

have mixed-sex social groups, while 

others segregate by sex. 

Some bats forage in groups. Their density may become so 

thick that their biosonar field of view becomes clogged with 

conspecifics. They don't mind. Foraging is a good time to 

make new friends. When one finds a nest of edibles, others 

come join the banquet. 

A bat can detect an insect with its sonar only within 10 

meters but can hear that another bat has found something to 

eat 100 meters away. As insects often congregate in close 

quarters, foraging with friends makes perfect sense. 

Bats can flock at extremely close range because of their 

impressive reflexes and flying heuristics. They swap leader-

follower roles regularly and perform coordinated flight by 

copying the heading of a leading neighbor 500 milliseconds 

earlier, which is only 4–5 wingbeats. This maneuverability is 

almost as fast as the blink of a human eye (300–400 ms). 

 Giraffes & Acacias  

Among other leafy treats, giraffes on the African savanna 

like to forage on acacia trees. The trees don't like it one bit. 

Within minutes of being treated like a snack, the acacias 
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start pumping toxins into their leaves. The giraffes get the 

message and move on, passing nearby trees to move to an-

other neighborhood of foliage. 

Giraffes don't bother munching on trees close to their as-

sault because they know that the acacias have warned 

nearby trees (by wafting ethylene in the breeze). The giraffes 

either move upwind or father away, where the acacias' panic 

scent has not reached. 

 Ant Foraging  

Ants collectively form a highly efficient complex network.  
~ German physicist and mathematician Jürgen Kurths 

Ant colony foraging cascades from chaos to coherent. 

Initially, scout ants search until they tire, retiring to the nest 

for respite. 

A successful scout takes a tidbit back to the colony, 

leaving a trail of pheromones. Others follow in the wake of 

the faint scent trail. 

Foraging become herding, as more ants head to the food 

supply, strengthening the scent path to develop the shortest 

possible route. A self-reinforcing effect leads to optimal effi-

ciency.  

The productivity of this process is engendered by older, 

more experienced ants, who know the neighborhood better 

than fledgling foragers. 

 

Animals forage in various ways, but all employ optimiz-

ing strategies, including search pattern improvement 

through learning, assessing information from others, and 

group foraging that results in economies. Some animals for-

age with other species to improve their productivity.  

One of the most basic techniques is learning cues that 

indicate hidden food. Birds and mammals are well known for 

associating environmental hints with the probability of 

grabbing hidden grub: a mental technique called searching 

images.  

From bees to birds to rodents, animals anticipate what 

has gone on in the recent past as a basis for their actions. 
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Then, often without warning, expectations change with cir-

cumstance. With uncertainty, caution creeps in: more explo-

ration is called for, to recalibrate expectations.  

Carrion crows that live near the seashore forage for 

mussels at low tide: picking them up and cracking them open, 

often by dropping them onto a hard surface from suitable 

height. Mussel shells laying in the sand are normally empty, 

and so ignored.  

In one experiment, researchers overturned that common 

wisdom by seeding meat in empty shells; a lesson the crows 

learned in a single session. The crows' searching image was 

changed, at least for a time. 

Another critical lesson is technique itself, which often in-

volves a combination of physics and chemistry. Herring gulls 

living on Cape Cod crack shellfish shells open by selectively 

dropping them on rocks. Young gulls are less adept than sea-

soned adults, who have learned the best locations and proper 

height.  

 Tit Milk  

In human societies, cultural norms arise when behaviours are 
transmitted through social networks via high-fidelity social 
learning. ~ English zoologist Lucy Aplin et al 

One of the best-known examples 

of birds picking up on learned tricks 

is the pilfering of milk from bottles 

left on doorsteps in Britain. Blue tits 

learned to open milk bottle tops to 

feed on the cream.  

A successful technique was invented separately thrice in 

London in the 1920s and spread from there. The technique 

wasn't acquired just by imitation. Seeing the results was 

enough. Chickadees, closely related to tits, learnt milk bottle 

top popping from just seeing an open container. 

Cultural conformity is thought to be a key factor in the 
evolution of complex culture in humans. ~ Lucy Aplin et al 

It turns out that tits are conformists: preferring the 

traditional technique they socially learn over any personal 

information they may have. If a tit relocates to a new area 
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where a different technique is the norm, the newcomer 

adopts it to adhere with local practice.  

 

Prey distribution, patch size, and the presence of conspecifics 
are important factors influencing a predator’s feeding tactics, 
including the decision to feed individually or socially.  
~ Australian zoologists Maud Berlincourt & John Arnould 

For most animals hunting is a solitary activity. Relatively 

few animals hunt in groups. Ever rarer is coordinated, coop-

erative hunting. Humbolt squid, little penguins, African wild 

dogs, cetaceans, and wolves are all exceedingly social. All 

hunt collectively. 

 Colonial Intelligence  

Social aggregation has its benefits, but it also imposes a 

significant cost: concentration creates resource competition. 

There can be compensation for the crowding. Being in on the 

rumor mill yields tips on the best eating places. 

Microbes move in optimized motion patterns to collect nu-

trients. They share intelligence with others on prime feeding 

locations. 

Instead of scrounging for a living, many bacteria make a 

smart trade-off in choosing the comfort of host-based living. 

Life can be quite good in a microbiome: the company of fel-

lows and regular meals. 

The employment of colonial intelligence varies, depend-

ing upon the savvy and general inclination of the species. Not 

taking advantage of colonial network information is the 

norm, with notable exceptions. 

Osprey form loose nesting colonies in some coastal areas. 

They watch their neighbors coming in with a grocery haul. A 

hawk seeing a colonymate fly in with schooling smelt will 

head out in the same direction as the other came in. Ravens 

that roost together take similar advantage of neighbor 

knowledge.  

Black-headed gulls are something else in this regard. 

They don't necessarily fly to forage in the same direction as 

successful colonymates. These noisy, gregarious birds, like 
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many gulls, are bold, opportunistic feeders. They generally 

go their own way, and foraging is no exception. 

 Predation  

When new predators – be they crabs, snakes, or modern man 
– emerge, their prey change. ~ American biologist Rob Dunn 

As heterotrophs, all animals are predators. The smaller 

edible ones are also prey. 

Adaptive pressures are most pronounced between preda-

tor and prey: a continuing evolutionary ballet of adaptation. 

Prey adjust their behaviors while predators hone their cun-

ning. 

 Spiders  

Spiders make an essential contribution to maintaining the 
ecological balance of Nature. ~ Swiss zoologist Martin Nyffeler 

With over 45,000 species and a population density of up 

to 1,000 individuals per square meter, spiders are one of the 

most widespread and diverse groups of animals: 7th in spe-

cies diversity for all organism groups. Overall, spiders eat 

~550 million tonnes of prey yearly. While 90% is insects and 

springtails, tropical spiders also chow down on frogs, lizards, 

fish, birds, and bats, and a few feed on plants. 

Spider diversity provides ample opportunities for spider-

on-spider predation. Jumping spiders are especially ingen-

ious hunters of web-building spiders. A jumping spider will 

traipse onto the edge of a web, then vibrate the victim's silk-

spun home, making subtle adjustments to convey different 

signals. Once a specific signal gets a response, the hunter will 

repeat it, luring lunch to the edge of its web. 

 Seahorses  

Seahorses are very effective predators, able to feed on one of 
the ocean's greatest escape artists. ~ American marine biologist 
Brad Gemmell 

Copepods are tiny crustaceans. Though blind, their sen-

sitivity to water disturbance renders them an elusive prey.  
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Seahorses feed on copepods, capturing 90% of 

those stalked. A seahorse's stealth owes to its 

snout, shaped to let a seahorse to slowly approach 

without tipping a copepod off by making a wake.  

Seahorses are slow swimmers. Their prehen-

sile tail is a great assist in hanging on to some-

thing and thereby facilitate their ambush style of 

predation. 

 Pike  

Freshwater pike inhabit any water body with the promise 

of prey, whether a sluggish stream, weedy lake, or cold and 

clear rocky waters. Pike are ambush predators: stoically still 

for long periods, then striking with astonishing speed.  

Pike are not picky. They mainly eat fish, including young 

pike, but are not beyond an occasional duckling or water vole. 

Many fish species adjust their behavior based upon the 

probability of imminent danger from predation. Minnows, 

the tiny members of the carp family, are a potential pike 

snack. Minnows naturally school when feeling vulnerable. 

Individual minnows will temporarily swim away from a 

school to inspect for possible predators.  

During inspections of pike, a minnow will avoid the most 

dangerous zone: immediately around a pike's mouth. Station-

ary pike can be a bit difficult for a minnow to recognize. 

Pike often stalk minnow schools by slow approach. Be-

sides simply swimming away, minnows may react to a stalk-

ing or attacking pike via various tactics. One response is for 

a few school members to skitter: accelerate away from the 

school for short distances before returning to the school in a 

new position.  

Sometimes the whole school will synchronously jump to a 

new vertical position. How such impressive coordination is 

achieved is not known.  

Large minnow schools will open a space around an ap-

proaching pike, creating a minnow-free zone in front of the 

pike, but closing in around it past the pike's path. Another 

maneuver is a fountain formation: a school swims ahead of 
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the pike, then splits into 2 groups, each turning in opposite 

directions, but both toward the predator's tail as it passes.  

When closely approached or attacked, minnow schools 

sometimes spontaneously explode: rapidly swimming away 

from the center of the school in all directions. After splitting 

up, individual minnows seek cover. Pike try to flush minnows 

out of hiding by directing jets of water at them. 

 

Similar scenarios of considerable variety are employed by 

other fish, where threat-sensitive predator avoidance esca-

lates into multifarious escape stratagems. The parties in-

volved are aware of each other and adjust according to local 

conditions and experience. 

Generally, potential prey animals constantly watch for 

dangerous predators and keep them under close observation 

when they appear. A group of gazelles may even approach a 

predator they have spotted, to inspect and evaluate the dan-

ger.  

Group behaviors evolved in many species such that indi-

vidual members variously keep an intermittent lookout. This 

results in total group awareness while allowing individuals 

to get on with the business at hand, which is typically forag-

ing for food. 

When predators and prey detect each other, much time 

may be spent monitoring each other rather than simply at-

tacking or fleeing. Predators watch for subtle indications of 

weakness or vulnerability.  

Prey animals look for changes in predator behavior that 

indicate a greater likelihood of attack. Since it is advanta-

geous for predators to conceal such signals, any such tell is 

probably inadvertent and unavoidable. Such is the makings 

for further adaptation. 

A group of wildebeest may close in a bit on a lion that has 

been noticed, and line up to watch it pass. Roughly 30 meters 

is considered a safe distance in open country.  

Usually wildebeest incessantly grunt, but when a lion ap-

pears, they go quiet. Silence is the wildebeest signal to be 

alert. If a nearby lion comes too close, the wildebeest back up 
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accordingly, then turn, and return to standing watch. If the 

lion moves into thick vegetation, extra caution is taken. 

Predators favor the very young or very old, the weak or 

the sick. But even when all members of a herd are in fine 

health, hungry predators still manage to capture some. Care-

ful observation of prey is habitual. An easy meal beats a hard 

chase any day. 

 Large Carnivores  

Top predators often prey on animals that are bigger than 

themselves and try to avoid being killed. It is not easy work 

and requires careful calculation.  

Carnivores consider the reward versus the cost in pursu-

ing prey. Puny prey are bypassed. A chase may be cut short 

if trying to run down a modest meal when there are other 

opportunities. Generally, carnivores either quickly capture 

or give up. 

There are distinct hunting strategies. Pumas are sit-and-

wait ambush hunters. This is typical of felids. Cheetahs are 

outliers in commonly pursuing their prey at high speeds.  

Pack hunting evolved to minimize the energy each indi-

vidual involved must expend to get something to eat. 

 

 Quail Covey  

The bobwhite quail is a modest-sized 

ground-dweller. The name bobwhite refers to its 

signature call.  

The bobwhite is a meal ticket for many. 

Snakes, hawks, foxes, skunks, and raccoons 

consider the quail a tasty treat. 

Bobwhites form coveys for protection. 

Groups impose costs as well as having benefits. The bene-

fit/cost varies by group size. 

The probability of a bobwhite making it through the day 

is highest for a covey of 11. Daily distance traveled, a cost, is 

lowest with a covey of 11. Most bobwhite coveys are 11. How 

do bobwhites know this? 
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 Caches  

In times of plenty, many animals store excess food. 

Hoarding takes various forms, though it most often occurs in 

anticipation of lean times, such as winter. 

Squirrels are well known for their habit of hoarding nuts 

and other foodstuff in prodigious quantities, typically bury-

ing the booty. It is hard to imagine that a squirrel can re-

member where so many nuts in so many places are stored, 

but squirrels do recall the plethora of locations where food is 

stashed.  

Squirrel nut hoard retrieval is somewhat more systematic 

than astounding memory alone. Environmental cues (dis-

turbed ground) and senses (smell) play a role. 

Similarly, some birds possess remarkable memory: able 

to recall a vast number of stored locations. Marsh tits are 

known to be able to remember the locations of several hun-

dreds of stored seeds. As a risk-minimization stratagem, 

marsh tits take care to distribute their cache to various loca-

tions.  

Clark's nutcracker lives in the alpines of western North 

America. Food is quite hard to come by during the long, chilly 

winter. In preparation, a nutcracker gathers and stashes up 

to 33,000 seeds in the autumn, storing them in caches, buried 

or in crevices, each cache with but 2 to 5 seeds. To survive a 

typical snowy winter, a nutcracker must recover an esti-

mated 1,000 caches.  

Retrieval is complicated by landscape changes: fallen 

leaves and snow. Nutcrackers remember seed locations in 

reference to constant landmarks, such as sizable rocks and 

large trees. If necessary, a nutcracker will dig in the snow to 

retrieve a cache. 

Pinyon jays of the southwestern United States store hun-

dreds to thousands of pine seeds in preparation for the winter 

months. Those stashed pine seeds are a jay's principal fare in 

the winter. Jays reclaims roughly 80% of cached seeds.  

Jays and other birds are careful to stash quality seeds, as 

there is no reason to expend effort on seeds that won't last. 

In the case of nuts, a jay may tap on a nut with its beak to 
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assess its sonic quality, much like a person melon-thumping 

at the supermarket.  

Through experiments of being put in separate, identifia-

ble rooms, one where they were well fed, one where not, West-

ern scrub jays are known to be able to relate past and future. 

Jays understand the concept of time continuum, as evidenced 

by stashing food when not hungry but anticipating that they 

would not be fed. While food caching has an innate knowledge 

component, learning from experience also plays a part. 

Some predators cache prey while the hunting is good. 

Moles and shrews sometimes stash large numbers of prey. 

The short-tailed shrew will eat the first few insects caught, 

but then will store the rest in or near the nest.  

A stashing shrew injects prey animals with a venom that 

paralyzes them, leaving them alive but immobile. This re-

tards decay, leaving victims fresher. 

Hoarding accelerates in winter and may bring conserva-

tion practices. Shrews sometimes shuttle stashed snails be-

tween burrow entrance and a storage chamber, keeping the 

snails as cool as possible to keep spoilage down. 

Moles cache earthworms, often biting the anterior seg-

ment to paralyze the worms, or at least minimize movement. 

European moles sometimes store insect larvae and earth-

worms in specially excavated storage chambers near their 

nests. 

Shrinkage is inevitable, both by spoilage and by theft. 

While a substantial fraction of a stash may be recovered, of-

ten weeks or months after storing, some may simply not be 

retrieved. 

Ravens take considerable care to surreptitiously stash 

food, knowing that their companions are as crafty as them. 

Ravens manage hoarding through complex ruses, even as 

others are diabolical in discovering what has been concealed.  

 Health Care  

Good hygiene is essential to health and a successful social 

life. Insects do not foul their nests with fecal wastes. Even 
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young bees that do not otherwise leave the hive make defeca-

tion flights. Ants use designated toilets. Many animals bathe 

when they can. When sickness strikes, many seek a cure. 

 Grooming  

Grooming helps prevent disease. Without grooming, pi-

geons become speckled with lice. Cows that cannot groom 

themselves have 4 times the ticks and 6 times the lice.  

Insects spend a lot of time groom-

ing, especially their antennae. This 

cleans both environmental pollutants 

and their own secretions. For an insect, 

constant cleaning is essential in main-

taining optimal olfaction. Sensitive 

smell is essential for food foraging, 

sensing danger, and finding a suitable mate. 

Feathers require special attention to keep clean. Birds 

have elaborated grooming procedures to remove dirt and par-

asites, to re-oil feathers, and to tuck feathers back into their 

proper places. Disheveled feathers can present a serious 

problem in failing to provide adequate insulation. Some birds 

preen as often as once an hour.  

Rodents spend long periods going through a fur-cleaning 

routine as complex as the preening of birds. Each species fol-

lows a set pattern that is inborn for its kind. 

Antelopes evolved a dental comb: a specialized tooth 

structure which is a built-in tool for grooming away ectopar-

asites. Grizzly bears were not born with a comb, so they 

groom their muzzle and face by combing them with barnacled 

rocks.  

Howler monkeys consume up to 25% of their caloric in-

take batting flies away. The tails of many animals, notably 

ungulates and elephants, serve as fly swatters. 

Meadow voles like to smell good to their mate. Males put 

extra effort into grooming their coats when they smell their 

mate nearby. For finding a mate, good grooming is crucial. 

Female voles strongly prefer a clean male with a healthy 

scent. That maxim applies to many mammals. 
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Grooming is also important for psychological health; a 

self-reassuring behavior that gives a measure of content-

ment.  

For gregarious species, hygiene is a social activity. Mu-

tual grooming is a bonding activity for many social species, 

notably birds and primates, who spend considerable time 

grooming each other. Grooming alliances are common among 

simians. Some chimpanzees even clean their own and others' 

teeth using twigs.  

 Remedies  

Ants, bees, and other colonials with large populations 

face a considerable risk of contagious disease outbreaks. Be-

fitting their eusocial lifestyle, they have a social health care 

system.  

Ants do not avoid ill colony members. Instead they lick 

the sick to remove the pathogen from the exposed ant's body. 

This does allow an infectious agent, such as a fungus, to 

spread throughout the colony. For remedy at such times, ants 

eat foods rich in hydrogen peroxide. By such health care, col-

ony members vaccinate themselves. The net effect is to in-

crease a colony's capacity to fight pathogens. 

Many species know how to self-medicate. Bumblebees 

with parasites preferentially forage on flowers high in anti-

parasitic compounds, notably iridoids, which plants use 

against herbivores and microbes. 

Macaw parrots get serious indigestion from some of the 

seeds of the fruit they eat. The problem is the bitter, poison-

ous alkaloids in the seeds, designed to prevent animal inges-

tion. Macaws find and consume medicinal clay that tamps 

the toxins to a tolerable level. 

Capuchin monkeys are familiar with a wide range of me-

dicinal plants, including the leaves of the pepper plant (an 

antiseptic); the fruit of the wild nutmeg, which has antimi-

crobial properties; the detoxifying protium plant; and the 

fruit plant Eugenia nesiotica, which is used to purge para-

sites. This knowledge is culturally transmitted through gen-

erations. 
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Chimpanzees know numerous medicinal remedies and 

their proper application. Chimps treat intestinal worms by 

ingesting the leaves of plants with anti-parasitic compounds, 

such as wild sunflower. An infected chimp will go first thing 

in the morning, before eating, and carefully choose young 

leaves. The selected leaves are rolled and swallowed whole, 

as if taking a pill. As chimps know, the remedy is more effec-

tive on an empty stomach. The leaves are bitter if chewed, 

and greatly lessens their potency.  

Contrastingly, the leaves of the bitter leaf plant are poi-

sonous, but the pith within the stems are highly toxic to par-

asites while doing no harm to a chimp. An infected 

chimpanzee knows not to eat the leaves. Instead, it ingests 

only the stems. 

Like other animals, chimpanzees take medicinal plants 

only when infected. It may seem none too surprising that 

chimps are so aware, but even insect larvae know when they 

infected and medicate themselves. Woolly bear caterpillars 

carefully select and consume pomegranate leaves, which are 

rich in an alkaloid that kills parasitic fly larvae laid inside 

their abdomen.  

 Fermented Fruit Flies  

Fruit fly eggs hatch into rotting fruit, where they trans-

form into larvae on their way to adulthood. Rotting fruit nat-

urally ferments; a health hazard fruit flies evolved to handle 

by rapid detoxification. 

Parasitic wasps are prone to lay eggs into fruit fly larvae; 

a fatal fate for a fledgling fruit fly. But fruit fly larvae know 

when they are infected. The larvae seek out high alcohol-con-

tent fruit, imbibing the boozy fruit to kill the parasites. 

Fruit fly moms look out for their little ones by preemp-

tively laying eggs into alcohol-laden food if a parasitic wasp 

is spotted in the neighborhood. This precaution protects lar-

vae when they hatch. 

Wasp-exposed flies lay ~94% of their eggs on ethanol food. 
This behavior persists in their offspring, even though the off-
spring never had direct interaction with wasps. Environmentally 
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triggered memories of parental experiences are inherited.  
~ American geneticist Julianna Bozler 

 Migration  

Animal migration is a wondrous thing. Driven by seasonal 
changes, an incredible array of organisms fly, creep, or run on 
their way to or from richer spots for wintering, feeding or breed-
ing. ~ American naturalist Joel Greenberg 

Migration is a ubiquitous feature of animal life, found in 

all major groups: insects, crustaceans, fish, amphibians, rep-

tiles, birds, and mammals.  

Migration may be triggered by local climate, food availa-

bility, season, to escape predators, or for breeding. Plants mi-

grate when provoked by climate, albeit much more slowly 

than animals. Birds began migrating to escape the harsh 

winters in the northern hemisphere.  

Animals that don't migrate tend to be tropical, such as 

parrots and primates. The exception are herbivores, who rely 

upon rainfall patterns in the grasslands. The great migration 

in the Serengeti is a trek of 70,000 km2 for huge herds of wil-

debeest, antelope, gazelle, and zebra. 

Migration is a broad term. The ungulate trek about the 

Serengeti illustrates foraging commuting: following food sup-

ply in a circuitous route. Truer to the concept that migration 

implies is area-to-area trekking (destination migration), com-

monly for seasonal climate reasons and/or for breeding. 

Migration distances vary greatly. The North American 

blue grouse winters in a mountain pine forest. Come spring 

the grouse walks down 300 meters into deciduous woodland, 

where it feeds on leaves and seeds. Similarly, tropical hum-

mingbirds may seasonally go up or down a mountain a few 

hundred meters. 

The Arctic tern is at the other extreme. This Sun-loving 

bird breeds in the Arctic regions during the summer there, 

then flies to Antarctic for the southern summer. Arctic terns 

stay airborne for days and nights at a stretch. Annual travel 

is 70–80 thousand km per year. 

A bird's migratory habits reflect seasonal food supply. 

Residents pretty much have enough to eat year-round.  
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Nomads, such as budgies and crossbills, suffer less relia-

bility in food supply, but have low seasonal variation. No-

madic birds, like other such animals, move when food runs 

low, but generally to a selfsame habitat. 

Irruptive migrants, like hawks and owls, migrate en 

masse when food runs low. Obligate migrants, such as 

thrushes and warblers, trek south for the winter from their 

northern summer home. 

Long-distance migration is a high-risk enterprise: only 

about half of all migrants reach their destinations. By con-

trast, ~85% of non-migratory birds make it through the win-

ter. As an adaptive compensation, many migratory birds 

have higher reproductive rates than those that stay put. 

Owing to the changing nature of their environment, most 

fish migrate. Many species, such as Pacific salmon, migrate 

early in life, from fresh to sea water and back again to lay 

their eggs. Even those that live an enclosed body of water, 

like a lake, may breed in one location and feed in another. 

Only 1 group of fish – freshwater eels – start life in the 

ocean and spend their adulthood in fresh water. Unlike other 

fish, eels can cut across fields if need be, traveling for kilome-

ters on land like snakes, as long as the ground is moist 

enough to keep them from drying out.  

European eels travel from the tropical Atlantic to the 

same European rivers their parents inhabited. When it is 

time to spawn, they head back out to sea. 

Animals that migrate in groups learn routes from experi-

enced trekkers. Migration routes are a cultural folkway. 

Environmental cues and internal clockwork signal when 

it's time to travel. Many migratory animals, especially long-

distance travelers, practice hyperphagia: intensive feeding, 

particularly of energy-rich foods. Insects might bulk up by 

30%. Whales sometime double their weight. In temperate lat-

itudes, insectivorous birds, such as thrushes and warblers, 

switch to high-fructose fruit to lay down a layer of fat before 

setting off. 

Animals may also undergo radical physical changes as 

part of migration preparation. Desert locusts grow longer 

wings. The nonessential organs of migratory birds shrink 

while their breast muscles enlarge and grow more powerful. 
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A small resident bird may have 3–5% body fat. One that 

is a short-range migrant – annual treks of several hundred 

kilometers – may bulk up with fat reserves that account for 

13–25% of body mass. A transcontinental flier may take off 

with half its weight in fat. 

The reserves are essential. The hourly cost of flight is 

0.91% of a bird's body weight. 

Half of the breeding birds of North America are seasonal 

migrants: flying south to winter in Mexico, or Central or 

South America, and returning in the spring. In an example 

of convergent evolution, migration arose in numerous birds 

from resident species. 

Many songbirds undergo seasonal migrations. Although 

these birds are typically diurnal, migratory flight is done at 

night. The drastic lack of sleep does not down their physio-

logical or cognitive performance during the migratory period 

(though it does otherwise). 

Most songbirds that seasonally migrate in the New World 

take a continental route so they may land for respite if nec-

essary. The forest-dwelling blackpoll warbler instead flies up 

to 2,800 km nonstop – between eastern Canada and South 

America – over the Atlantic Ocean in 2–3 days.  

It's a fly-or-die journey. ~ Canadian ecologist Ryan Norris 

A water landing would be fatal. The tiny blackpoll war-

bler weighs but 12 grams: about as heavy as a cheap ballpoint 

pen. But it is one determined bird. 

Blackpoll warblers fatten up for the flight: doubling their 

normal body mass. A blackpoll warbler knows exactly where 

it is going: returning to same place as the previous breeding 

season. The trip takes its toll. Only about half of blackpoll 

warblers make it back the next year. 

For birds, small or large, body size is no barrier to migra-

tion. Some of the biggest birds – cranes, storks, eagles – mi-

grate by riding thermals. 

Once the morning Sun has heated the ground, birds rise 

on the ascending spirals of warm air, then glide. They stop 

for the night in the mid to late afternoon, as the thermals 

dissipate for the day. 
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Such soaring takes little energy for these birds, which 

have fattened themselves beforehand and eat little en route. 

Resting hours are spent roosting. 

For thermal riders, migration is a rather leisurely affair: 

a tour of the continent(s), for thermals only form over land. If 

a gliding migrator wants to cross continents, it will follow 

whatever land corridors may be had to cross the water where 

it is most narrow. 

Big birds traveling between Europe or Asia to Africa ei-

ther fly over the Middle East, with only the Suez Canal to 

flap over, or take the westerly route over the Straits of Gi-

braltar, a mere 14 km across. Similarly, the Isthmus of Pan-

ama is the bridge between North and South America. 

Following such specific routes leads to considerable traf-

fic buildup: hundreds of thousands to millions of single-spe-

cies travelers might be a norm, at least before humans 

grossly reduced their numbers. 

Not all flappers are not so constricted. Osprey, a large 

raptor, migrate over the Baltic and Mediterranean Seas.  

Smaller birds power their way along the straightest 

route, land, or sea, as long as they have the strength to need 

not stop over a long stretch of water. 

Many long-distance migration 

flocks fly in V formations that are en-

ergy efficient. Birds in these for-

mations account for complex fluid 

dynamics between ambient air cur-

rents and the flapping of their fel-

lows' wings ahead of them to 

minimize effort. It is a physics equa-

tion which we can hardly imagine 

that these birds continuously calculate. 

V-formation flight is an exercise in reciprocal altruism. 

Being a lead bird is taxing. So, birds regularly swap, for eq-

uity's sake.  

Birds match the time they spend in the wake of each other by 
frequent pairwise switches of the leading position. ~ Austrian 
zoologist Bernhard Voelkl et al 
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While some animals, including Pacific salmon and lemon 

sharks, innately remember their natal home, many learn mi-

gration routes through the experience of traveling with their 

elders. This is true of most animals that migrate in groups, 

including flocks of birds.  

For all its appearance of hazard, migration is simply a 

path for survival. Many animals migrate in groups to miti-

gate risk. Others, such as bats, stagger migration, with stop-

overs for a brief respite. In contrast, seafaring birds may 

push themselves to their physical limits. The Arctic tern is 

but one example. 

Whooper swans fly from Iceland to their winter home in 

Britain, traveling 65–85 kph for 12–13 hours straight; quite 

a feat for an 8–14 kg bird. 

Migration is often most impressive considering the size of 

creature involved. Tiny ruby-throated hummingbirds which 

weigh a penny fly nonstop across the Gulf of Mexico twice a 

year: an 850-kilometer trip.  

Before they embark, ruby-throated hummingbirds bulk 

up by binge eating: sucking up every drop of nectar, scarfing 

down every insect and spider they can snag. By the time the 

hummingbird takes off, it may be double its normal weight. 

Migration may be conditional or optional. Some European 

blackbirds migrate in the autumn, while others overwinter 

on the breeding grounds.  

Birds make a migration choice suiting their social stand-

ing. Younger birds head off in the fall as dominance contests 

are becoming a regular event. Older birds stay put to hold 

onto their turf. 

The common poorwill is a nocturnal bird native to west-

ern North America. Part of the population migrates to 

warmer climes in the winter, leaving others behind to hiber-

nate in rock nooks and crannies.  

The common poorwill is the only bird known to hibernate. 

Other animals, including frogs, toads, rodents, bats, and 

bears, cope with inhospitable winters by tucking into an ex-

tended torpor. 

Some species have populations with a mixture of migra-

tion and sitting tight. Marine bristle worms, such as the pa-

lolo, take such hedging to the extreme.  
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A palolo splits into 2. The sexually mature tail end 

(epitoke) takes off, while the sexually immature head (atoke) 

lives on where it is. Synchronized with the lunar cycle, 

epitokes rise to the ocean surface en masse, bursting open to 

release sperm and eggs, thus restarting the worms' life cycle. 

 Human Incomprehension  

Before animal migration was understood, various expla-

nations arose for the sudden disappearances and arrivals of 

animals. Aristotle proposed bird transmutation: that robins 

turned into redstarts with the coming of summer. Swallows 

supposedly hibernated in tree holes, torpid and featherless. 

In medieval European bestiaries, the barnacle goose ei-

ther grew like fruit on trees, or emerged from goose barnacles 

on driftwood. The barnacle fiction was favored by Catholics, 

as it allowed the geese to be considered fish, and hence could 

be served for supper on Fridays and during lent. 

Hibernation continued to account for disappearances. 

Swallows were drawn up in fishing nets from the bottom of 

lakes where they wintered, so the fish story went. 

Though hibernation was written off as early as 1251 by 

English Benedictine monk Matthew Paris, a rational concep-

tualization was slow to gain a popular grip.  

Even into the 1800s, hibernation haunted as explanatory. 

Otherwise, migration was conceived as an endless circling of 

the globe, or even to the Moon and back.  

 Monarch Butterfly Migration  

These butterflies are little more than 8 months old and have 
traveled thousands of kilometers over their lifetime. ~ Ameri-
can biologist Nathan Miller 

Monarch butterflies winter in the 

Oyamel fir forest in central Mexico, 

huddling by the tens of millions, high 

in the mountains. It's cold there, but 

not often freezing. Snowstorms do strike the mountains 

sometimes, killing as many as 2 million butterflies overnight. 
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The lowlands would avoid the frigid risk, but the warm 

aridity would quickly sap monarch energy reserves; better 

cool and moist. 

The Oyamel fir forest provides monarchs freeze protec-

tion because of the dense tree canopy. Even logging that only 

thins the canopy removes the frost protection.  

From Oyamel, adult monarchs head north to lay their 

eggs on milkweed plants in the United States, or even as far 

as southern Canada.  

In a complex process incorporating temporal and spatial 

information, monarchs navigate via Sun compass orienta-

tion. The Sun is not all. The monarch navigation system in-

cludes magnetoreceptors in their antennae, producing a 

mental magnetic field map which integrates with visual in-

formation. 

Though family get-togethers are fun, migration is not a 

necessity. Monarchs are becoming more common in Ber-

muda, owing to the popularity of milkweed planted in flower 

gardens. Bermuda-born monarchs reside year-round, owing 

to mild climate. 

Migratory monarch numbers dwindled precipitously in 

the early 21st century, as deforestation chopped down their 

winter lodging, fields of milkweed were converted to cropland 

and suburbs, and the climate proved increasingly adverse. 

There were 10 times as many monarch butterflies in 1994 as 

there were 2014: a 90% decline in 20 years. Migratory 

monarchs will soon be gone thanks to human interventions. 

 Dragonfly Migration  

To maximize breeding opportunities, some dragonfly spe-

cies migrate. Like the monarch butterfly, swarms of green 

darner dragonflies migrate between the northern United 

States and southern Mexico each spring and fall.  

The globe skimmer dragonfly lives up to its name by trek-

king between Africa and India across the Arabian Sea; a 

flight which may exceed 16,000 km. To ease their passage, 

globe skimmer swarms prefer moist winds. The dragonflies 

save energy by riding thermals. 
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 Dung Roll  

Dung beetle life is fiercely competitive. After 

sniffing out and rolling a ball of nutritious dung, 

a beetle must race home with it or risk the ball 

being stolen by other beetles. 

A straight line across the open plains is easy 

enough during the day, where landmarks guide the way. The 

Moon guides at night, unless the Moon is new, in which case 

there is nothing to do but use the stream of stars in the night 

sky called the Milky Way. Dung ballers are star gazers that 

roll home. 

Dung beetles can orient to polarized light. ~ Swedish zool-
ogist Marie Dacke et al 

On a hot day, when the sand is blistering, a dung beetle 

climbs up upon his ball for a cooling reprieve. These 6-second 

siestas let a dung beetle stay on the job when the heat is on. 

Dung beetles are ecological benefactors. They accelerate 

nutrient cycling, improve soil structure, and eliminate 

mounds that might serve as breeding grounds for animal 

pests such as flies. 

 

Migration is at once complex and mysterious. ~ English zo-
ologist Ben Hoare 

Animals migrate using a variety of senses and means, in-

cluding visible clues, such as landmarks, and star patterns 

for nocturnal travelers; the scent of water quality or soil; the 

changing taste of prey along the way; and familiar local 

sounds. 

During migration, various sensory input is continually co-

ordinated and linked with elaborate mental maps to deter-

mine location and heading, with which to optimize getting to 

the intended destination, all the while factoring in local con-

ditions while traveling, and adjusting accordingly. The cur-

rents or winds must be constantly considered. To call long-

distance migration "complex" is a gross understatement. 

Birds adjust their route based on their condition. The red-

eyed vireo – a small songbird – migrates over the Gulf of Mex-

ico only if carrying ample energy reserves. A low-fat bird will 
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take the longer overland route, rimming the Gulf on the way 

south. 

Besides sight, sound, taste, and smell, many animals – 

from butterflies, salamanders, newts, lobsters, turtles, 

sharks, bats, and whales – have an even more fundamental 

planetary force for a guide. 

 Magnetic Field Detection  

Many migrants home to very precise locations. ~ American 
zoologist Hugh Dingle 

Animals that migrate long distances, from insects to 

mammals, partly do so by magnetic-field detection: sensing 

Earth's magnetic flux.  

 Cryptochrome on the Wing  

Migratory insects, birds, and other animals employ the 

quantum property of spin to literally see Earth's magnetic 

field, using cryptochrome, a photosensitive protein, in their 

eyes. Cryptochrome is found in the nerve layers of many an-

imals' eyes.  

When cryptochrome interacts with a specific wavelength 

of blue-green light it triggers a cascade of electron transfers 

like that of photosynthesis, using the quantum wavelike 

properties of photonic energy. The photons in these transac-

tions dance coherently via entanglement: in-phase harmonic 

waves which move, tip, and spin synchronously.  

Normally, the electrons in cryptochrome exist in pairs. 

Light energy rips the electrons apart, leaving 1 electron on 

the original molecule while shooting the other off to another 

molecule. The result is 2 charged molecules (ions). 

Initially, these formerly paired electrons spin in opposite 

directions. The spins change in the presence of an external 

magnetic field, altering their orientation relative to each 

other in a simultaneous synchronicity. The veering spins cre-

ate a biochemical reaction, letting birds and monarch butter-

flies perceive Earth's magnetic lines as patterns of light and 

color, superimposed on their view of terrain. 
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How such coherence can be maintained in such highly 

fluctuating organic systems is not known. Yet measurements 

of the wavelike states in photosynthetic bacteria demon-

strate coherence that lasts up to 2/3rds of a billionth of a sec-

ond. On the timescale for molecular events, that is an 

eternity. 

 

Hatching from an egg on a beach, a sea turtle heads into 

the sea to start a voyage that may cover thousands of kilome-

ters. Turtles navigate by sensing magnetic fields. For East-

West navigation, a turtle senses slight variations in the angle 

at which the Earth's magnetic field intersects the Earth's 

surface, employing the feel of quantum effects to do so. 

Relying upon magnetic field detection, humpback whales 

may migrate for thousands of kilometers in a straight line.  

Grazing cow herds tend to align along geomagnetic field 

lines, as do dogs. Magnetic-field detection is prevalent even 

in species that are not migratory. 

 Generations  

Animals make choices based upon their knowledge of the en-
vironment and their own phenotype to maximize their ability to 
reproduce and survive. ~ English zoologist George Lovell 

Too much has been made by evolutionary biologists that 

life's purpose is propagation. The repertoire of animal behav-

iors and their motives are too expansive to characterize life 

so singularly.  

That said, breeding plays an outsized role in every indi-

vidual inclined toward sex, precisely because the desire is so 

keenly felt. Biology impels the mind. Many animals sacrifice 

their lives to bring forth the next generation.  

The desire for a mate is especially compelling for animals 

where the partnership extends beyond mating. Pet fish left 

alone in a tank after a partner dies have been known to com-

mit suicide by leaping from the water and dying on the floor. 

Monogamy-minded zebra finches are choosy about their 

mates. Like humans, finch mating preferences are individ-

ual, based upon life experiences and personality makeup.  
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Zebra finch fathers participate in childcare. Successful 

upbringing of offspring depends upon a couple being happy 

together. This too resembles the human experience. 

Then there is the joy of sex, which varies widely. For 

many, however driven to enact it, sex is a mirthless moment. 

At the other end of the spectrum, the compelling stimulus to 

sex can be a biochemical reward: a pleasure that often accom-

panies the act, or at least its prelude. Sex is fun. This espe-

cially tends to be the case in gregarious animals. 

Biochemical structures evolved many hundreds of mil-

lions of years ago that provide positive reinforcement for life-

engendering behaviors. Emotional payoff for sex is adaptive 

to species lifestyle; just another life-history variable.* 

 Homosexuality  

Homosexuality is common among animals that are not in-

nately bisexual, especially social species. Both males and fe-

males engage in same-sex bonding. Homosexuality has been 

observed in 1,500 species, from gut worms to fish to birds to 

primates. 

Homosexuality only sometimes excludes heterosexual ac-

tivity. There are numerous exceptions. Monogamous species, 

such as penguins, form exclusive same-sex pair bonds.  

Rabbitfish reproduce in mass aggregations, but they still 

pair up for companionship. Not all pair bonds are heterosex-

ual. 

25% of black swan pairings are homosexual. The parent-

ing urge remains. Male pairs may steal nests or form a tem-

porary threesome with a female to obtain eggs. Once she has 

laid, the mated male pair drive the female off. 

10% of male domestic sheep refuse to mate with ewes, but 

readily do so with other rams. Their sexual orientation is 

quite decided. 

 
* A life-history variable is a trait which may be considered a trade-

off from an evolutionary perspective. 
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 Primal Urges  

For all the cunning involved to getting sex, it is a primal 

urge, not unlike the drive to eat. The two may mix. 

Some birds trade sex for food. Male hummingbirds may 

keep a female from select flowers until she offers herself, 

whereupon a few sips are on the house before she is sent on 

her way.  

Roadrunner females squat in the mating position for a 

mate returning home with a lizard, but squat not for an 

empty beak coming back. 3 out of 4 roadrunner matings in-

volve a delivered meal.  

A female osprey incubating nest eggs relies upon her 

mate to bring her food. If the mate is late, for a passing 

stranger she might trade a trout for a fornication. 

Food, sex, and bonding are not an uncommon combina-

tion. For enjoyment, mated blue jays pass tidbits beak to 

beak. Or they may just symbolically touch beaks. 

Sometimes the lure of food is a ruse to attract the opposite 

sex. Male water mites attract mates by vibrating their legs 

at a frequency matching the small copepods that are favored 

fare. To enhance their allure, male orchid bees bathe them-

selves in the flower scents frequented for nectar. 

Swordtail characins live in the rivers of Trinidad, eating 

hapless insects that plop into the water from riverbank veg-

etation. Male characins have a thin cord that extends from 

their gills. The cord ends in an ornament of sorts. A male 

dangles this ornament in front of female, who mistakes it for 

a bite to eat. When she gets close enough to bite the lure, the 

male is in a good position to inseminate her.  

 Mating  

Mating selection varies considerably among animals. Fe-

males as the choosy sex is contravened in several species, 

commonly because only dominant males have mating rights. 

Such is the case with humans. High-status males have 

more offspring, at least in less economically developed socie-

ties.  
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The link between a man's status and reproductive success 

is broken only in societies where women are granted social 

rights and access to contraception. Then the lower socioeco-

nomic strata breed more fecundidly than the upper classes, 

and male social status in the lower strata may factor in. 

There is a biological basis for striving for status: it's univer-
sally rewarded with the only currency that matters in biology – 
children. ~ Swiss anthropologist Adrian Jaeggi 

Less often, females compete for a male mate. This typi-

cally occurs when males are heavily vested in parental care. 

In seahorses and pipefish, females deposit their eggs in a 

special brooding pouch that a male has. As parenting is en-

tirely the male's responsibility, a male chooses his mate. 

Some species of male poison frogs care for offspring until 

the little ones old enough to be on their own. Females com-

pete for the opportunity to leave their eggs with one of a lim-

ited number of males. 

Male wattled jacanas care for eggs that have been laid: 

incubation, defending the nest, feeding offspring. This ex-

tended male parental engagement means that the right to lay 

eggs in an established nest is extremely competitive. 

In most species, mating is occasional, often seasonal. Ex-

ceptions include hyenas and humans, whose females are fe-

cund year-round. 

A prelude to mating often involves profound physiological 

changes, especially in females, chemically if not overtly.  

Female mammals typically become sexually receptive (es-

trus) when the timing of birth coincides with habitat condi-

tions that are conducive to rearing young, which is often late 

spring. If conditions are unfavorable, many mammals can 

postpone pregnancy by delaying embryo implantation.  

Males too may change for the mating season. Male moose 

and deer prepare for competitive mating rituals by growing 

antlers, which peak in time for mating in autumn, and are 

shed for winter. 

Sexual reproduction is but one facet of animal mating. 

Sex is often the quickest and easiest part. Much goes into 

choosing a mate, courtship, and ensuring that sex results in 

a next generation. 
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 Spiders  

Spider mating and sex are often tricky business. Females 

are often several times larger than males. 

A female nursery-web spider insists that a potential mate 

bring her a tasty treat: a juicy, freshly killed arthropod 

wrapped in silk.  

Some males play dead while holding the wedding present 

in their mouths. When a female approaches to take the bait, 

the male springs up and tries to mate.  

Several spider and fly species curry to nuptial gifts as a 

mating right. A redback spider male takes gift-giving to the 

extreme: somersaulting into his partner's mouth during cop-

ulation; risking death for the sake of prolonging sex. 

Widow spiders are so named for the feminine practice of 

making a meal of her mate after mating. A male widow ap-

proaches a prospective mate's web warily: producing whis-

pery low-amplitude vibrations by shaking its abdomen. The 

quality of this courtship calling card differs from clumsy prey 

caught in the web. 

The nutritional benefit of a female eating her mate is 

advantageous to future offspring. Moreover, male sacrifice 

often offers the opportunity for extended copulation that 

allows more sperm to be passed on. Males that try to escape 

suffice with a shorter sex session. 

Male cannibalism is practiced by a few spiders. The males 

of the ground spider Micaria sociabillis sometimes eat fe-

males they do not care to mate with. This happens more often 

with males born in the summer, which are usually larger 

than spring-born spiders. Older females are typically tar-

geted as a meal ticket. 

In spiders, males generally experience a high risk of sperm 
competition because females can store fertile sperm after copu-
lation for a prolonged time. ~ Czech arachnologist Lenka Sen-
tenská et al 

Male Micaria sociabillis spiders insert mating plugs into 

females they have sex with so that their sperm is not over-

ridden by a subsequent suitor. Copulation duration and plug 

production are controlled by the female. Both sexes of this 

spider are choosy about who they couple with. 
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 Mating Choice  

There has been much to debate about how animals choose 

a mate, most notably the degree to which mating is instinc-

tual or a conscious decision. Biological bias plays a strong 

hand in selection, including in humans. 

Across the animal kingdom, familiarity between individ-

uals affects mating preferences. Familiarity can breed con-

tentment with a partner.  

Or not. Guppy females prefer novel males over ones fa-

miliar to them, thereby promoting genetic diversity. A single 

brood of guppies may be sired by up to 12 fathers.  

Conversely, a female Japanese rice fish prefers a mate 

she knows. So too with many rodents.  

Prairie voles mate for life. A vole lady prefers a male she 

knows, in the hope that he may be steady on. 

Courtship behaviors are among Nature's greatest dra-

mas. Sandhill cranes perform an elaborate ballet. Bald eagles 

display stupendous flying cartwheels. 

Where choice is abundant, conventional thinking is that 

a female chooses a mate based on attributes that the next 

generation of females will find favorable. Peahens 

presumably choose peacocks with colorful plumage in their 

long tails or pay the price that their offspring will not attract 

the females that ensure a succeeding generation in the family 

line. 

Whatever signals convey fitness in a species are com-

monly compelling to females with a choice. Surprisingly, in 

numerous species females don't always make the obvious 

choice.  

Further, in many species, females have little or no choice. 

Males competitively determine relative fitness, and thereby 

earn the right to breed with as many mates as can be 

guarded. Females submit.  

In some species, female submission to the dominant male 

comes with the caveat of extra-pair mating if the opportunity 

arises. All told, mating selection is seldom simple. 
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The diversity of mating systems is an evolutionary conse-

quence of several factors, ranging from the spacing of re-

sources, genetic relatedness, and the odds of offspring 

survival under various conditions.  

Monogamy is the state of having a single mate. In con-

trast, polygamy involves multiple mates. The common form 

of polygamy is polygyny, where a male mates multiple fe-

males.  

In polyandry, a female mates with more than 1 male. Pol-

yandry is rare because males typically can make the most of 

their reproductive potential by having multiple mates, or at 

least one to oneself. 

 Oversexed Marsupial Mice  

When practiced, polyandry can be exhausting. The mar-

supial mouse  is a small shrew-like marsupial endemic to 

southeast Australia.  

Males mate with many females in marathon sessions. 

The task is so taxing that all mating males die before their 

young are born.  

A female stores sperm in a specialized container in her 

ovary. She does not ovulate until the end of the breeding sea-

son. Her brood is typically sired by several fathers.  

 

The typical biological goals of male and female differ at 

least somewhat. Males, able to sow their seeds far and wide, 

have an innate preference for quantity over quality. As 

bearer and caregiver, a female is more quality oriented. This 

innate conflict between males and females affects mate selec-

tion and parental care. 

Fathers are biological necessities but social accidents.  
~ American cultural anthropologist Margaret Mead 

A female sage grouse picks a mate from a lek. Once 

mated, she has no need for the either the male or his terri-

tory. She leaves to rear her young alone. 
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 Lekking  

A lek is a gathering of males for competitive courtship dis-

play; a marriage market. During breeding season leks may 

be a daily occurrence.  

In a lekking reproductive system, males provide no re-

sources to females or parental care for their offspring. Species 

adopt leks when females are dispersed, and when males offer 

little more to the females than the prospect of a decent ge-

netic package. In some species, the males at a lek are related. 

There are 2 types of lek: classical and exploded. In a clas-

sical lek, males gather within sight of each other. Physical 

contests are a frequent mating ritual, such as with shorebirds 

and game birds. Peacocks lek to display their tails.  

Freshwater African cichlid fish lek for a construction con-

test. Males build sandcastles that can take up to 2 weeks to 

build. Lekking males with tall mounds win a mate. 

Exploded leks rely on vocal displays. A lek may be more 

geographically dispersed. 

The voice box of a male hammer-headed bat takes up 

more over half its body cavity. In breeding season, male bats 

gather for several hours at dawn and dusk, honking for fe-

males to fly by and pick a mate. 

Túngara frog males aggregate into a choral lek and croak 

for sex. The larger the chorus, the more females approach. 

Fortunately for the frogs, frog-eating bats, which pick up on 

the chorus calls, are less likely to attack a lek than soloists. 

 Kakapo  

Kakapo are a unique flightless New Zealand parrot, also 

called the owl parrot. Kākāpō is Māori for night parrot.  

Kakapo are one of the longest-living birds, with an aver-

age life expectancy of 58 years, and a maximum of ~90 years.  

The Kakapo is the heaviest and only flightless parrot: 

herbivorous, nocturnal, a low basal metabolic rate, quite sex-

ually dimorphic, no paternal offspring care, and the only par-

rot with a polygynous lek mating system. Kakapo males 

position themselves kilometers apart and lek with booming 

calls. 
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Kakapo are on the cusp of extinction. 82 MYA, New Zea-

land broke off from Gondwana; 1 of 2 supercontinents at the 

time (the other was Laurasia).  

The kakapo speciated ~70 MYA. Having no predators, the 

parrot lost its ability to fly.  

Polynesian and European colonization introduced kakapo 

predators: rats, cats, stoats, and ferrets, which nearly wiped 

the kakapo out. Early conservation efforts by humans, from 

the 1890s into the 1980s, were ineffectual. More recent plans 

have only slowed the kakapo's inevitable demise. As of spring 

2018, fewer than 150 kakapos were alive. 

 

A mung is where females congregate for males to pick a 

mate. Yellow-spotted millipedes mung. 

 

The limited signal lekking reproductive system presents 

biologists with a paradox: how females can tell the best ma-

tes. Consistent female choice for a valued trait should erode 

genetic variance, which removes the genetic benefit of choice. 

Further, hypothetically, males could cheat: if courtship dis-

plays confer no survival advantage, a good show signifies 

nothing.  

Another theory explains the paradox by treating a fine 

display as an honest signal of virility and robustness: croak-

ing well means you won't croak easily. This theory at least 

confounds the charlatan speculation. The mystery remains 

as to mate selection and genic quality, but the system works. 

 Family  

Female insects commonly have multiple mates. The last 

mate is mostly likely to fertilize a female's eggs.  

It was long taken for granted that insects stay together 

after mating so that a male can prevent a female from taking 

another partner. That is not true for crickets. A cricket male 

stays with its mate to protect her and die for her if necessary.  
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Such chivalry is not without self-interest. The female car-

ries the family lineage. Nevertheless, it also a strong state-

ment of mate commitment, and of deep caring, that has been 

long presumed to be beyond insects. 

Some species of mantis shrimp are monogamous: partner-

ing for their entire adult lives of up to 20 years. They share 

the same burrow and coordinate their daily lives. Both part-

ners take turns taking care of eggs. In some species the fe-

male lays 2 clutches of eggs: one for dad to care for and one 

for mom. 

Social monogamy tends to evolve when both parents are 

needed for offspring care. By contrast, when a single mother 

may fend for herself and her offspring, a male may benefit 

from desertion and mating with another. 

As crickets and mantis shrimp illustrate, that is not al-

ways the case; but it remains as something of an idealized 

norm. 

 Sex Ratios  

Adult sex ratio may have an important role in shaping mating 
behaviour in a wide range of organisms. ~ Hungarian 
ornithologist András Liker 

Even among nominally monogamous animals that share 

parental responsibilities, cheating and divorce often occur, 

depending upon social circumstance. The following examples 

involving birds are merely exemplary. The same dynamics 

apply to several other animals, including humans. 

A major factor in couples staying together is the sex ratio. 

If there are a lot of unpaired members of the opposite sex, the 

rarer sex has more opportunity to attract partners. 

A female bias in sex ratio destabilizes the pair-bond sys-

tem, as males are more easily enticed away.  

Conversely, extra-pair mating becomes more common 

when there are more males than females. Females may shop 

around for a better mate. Rape may become more prevalent 

if males are unable to secure a permanent mate, as men have 

amply demonstrated. 
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 Birds  

Birds lay eggs which are incubated outside the female's 

body. The young are often fed by laborious food foraging. In-

cubation and infant feeding can be done by a male or female 

but are more effective if both parents are involved.  

As rearing a clutch is demanding, ~90% of bird species 

are monogamous, at least for the duration of bringing up a 

brood, if not for life. As with other monogamous animals, 

there is often genuine affection between avian mates. Pair-

bond behaviors, such as mutual preening, maintain a loving 

relationship. 

The largest exception to monogamy comes when hatch-

lings can quickly feed themselves. Precocial birds, such as 

chickens, ducks, and geese, tend to polygyny because hatch-

lings are covered in down and capable of being led to food. 

Males add little to that situation, as contrasted to altricial 

offspring, which need the foraging efforts of 2 birds if hatch-

lings are to survive. 

Females may choose males because of the resources they 

defend, often territory. Even if a male does not directly con-

tribute to an offspring's care, his defending the nest against 

predators or intruders of the same species is helpful.  

This does not necessarily lead to monogamy. One male 

may host several female nestings in his territory and look out 

for them all. 

The great reed warbler is migratory. Males arrive at the 

breeding grounds before females and stake out territories. 

The females are attracted by the quality of a male's real es-

tate. A successful male may nest multiple females in his ter-

ritory. Alas, a polygynous male may not live up to his 

advertising. 2nd- and 3rd-arriving females have less breed-

ing success. An already-mated male may deceive follow-on fe-

males: placing them in reed beds in his large territory that 

hide the different mates from one another.  

A male pied flycatcher defends multiple territories simul-

taneously, placing a female in each, deceiving his mates that 

each pairing is monogamous. The male may benefit, but the 

female is worse off for not having chosen an unmated male. 
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Males may adjust the amount of care they give offspring 

depending upon genetic relatedness. Dunnock males feed 

their nestlings more when they are the likely father.  

Both starling parents care for their young. While the pair 

are socially monogamous, starlings are not sexually exclu-

sive. 3 or 4 males may be fathers of a single brood.  

Climate affects an avian female's choice of mate and her 

fidelity. Female lark bunting preferences vary considerably 

from year to year, depending upon climactic conditions and 

associated assessment as to what male traits may help en-

sure healthy offspring.  

The more that climate appears unpredictable, the more 

inclined a female is to infidelity, as the improvement in ge-

netic diversity gives her better odds of lasting reproductive 

success. 

 Blue-Footed Boobies  

Boobies are large tropical seabirds, closely related to gan-

nets. A half-dozen booby species range throughout the Atlan-

tic, Pacific, and Indian oceans. 

Boobies were named for their fearlessness, which meant 

that mariners could easily capture them. Instead of giving 

the birds credit, the Spanish named them bobo: slang for stu-

pid. So much for sailor smarts. 

The blue-footed booby lives in the eastern Pacific, from 

southern California to northern Peru, and on the Galápagos 

Islands.  

Booby bills are sleek; their bodies cigar shaped. Booby 

wings are long, narrow, and angular: perfect for circling high 

above the sea, looking for shoals of fish, and schools of squid. 

Once a prey is sighted, a bird folds in its wings and plunges 

headlong into the water; its bill a missile honing in.  

If an attempted snag is unsuccessful, a booby may swim 

in pursuit. Blue-footed boobies can also dive from a sitting 

position on the water's surface. 

Since the blue-footed booby dives headlong into the water 

for its meals, its nostrils are permanently shut. The bird 

must breathe through the corners of its mouth. Boobie skulls 
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have special air sacs that protect their brains from the severe 

impact of hitting the water at 97 km per hour. 

A booby may hunt alone, in pairs, or among a flock. A so-

cial outing may comprise a dozen or so boobies. When a lead 

booby spies a fish shoal, it signals the group and they all dive 

in unison, their bodies a synchrony of arrows. 

Male and female blue-footed boobies fish differently. This 

may explain why blue-foots, unlike other boobies, raise mul-

tiple chicks. 

A male blue-foot is slightly smaller, but with a longer tail. 

This enables males to swim in shallow waters as well as deep. 

The larger female can carry more food. 

When fishing for themselves, boobies tend to go alone or 

in pairs; usually in the early morning or late afternoon. They 

eat while still underwater. 

Hunting groups head out midday to forage for takeout. 

Both male and female boobies feed their chicks through re-

gurgitation.  

Boobies nest in colonies but have a highly developed 

sense of territory. Many ritualized displays are used to sig-

nify and defend individual turf within a large breeding col-

ony, including head nodding and jabbing. 

Courtship also involves a whimsical-looking dance that is 

anything but. A male raises his feet, one after the other sev-

eral times, then gives a sky-pointing gesture: wings extend 

horizontally and toward the tail, raising its bill and emitting 

a long, drawn-out whistle.  

If a female is interested, she responds similarly. The 2 

blue-foots dance together. 

Both male and female blue-footed boobies are choosy 

about their partner. The one trait they fixate on is how blue 

their potential partner's feet are. The best blue is turquoise. 

It comes from extracting the carotenoids in the fish they eat 

and concentrating the pigment in their feet to render a daz-

zling aquamarine. 

Unsurprisingly, blue-footed booby eyes are keenly sensi-

tive to the blue-green part of the light spectrum; for good rea-

son. The hue of the foot reveals health and hardiness. 
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Many boobies change mates from season to season but 

there are great benefits to fidelity. Boobies in lasting rela-

tionships raise 35% more offspring than newlywed couples. 

The key to a successful long-term partnership is equitable 

sharing of nest duties. While biparental care is the rule of 

booby chick rearing, longtime mates have perfected the art of 

taking turns. They spend equivalent time and effort brooding 

and feeding their young. 

Another mating pattern works nearly as well for boobies 

as high fidelity: a couple where one partner is young and the 

other much older (the so-called May–December effect). It does 

not matter whether the mother is younger than the father or 

vice versa. The progeny of age-mismatched parents are more 

likely to become parents than are offspring of pairs whose 

ages are similar. 

Boobies usually lay 2 eggs several days apart. This gives 

the older chick an enormous edge over its younger sibling. 

In some booby species, this difference is often fatal. The 

only hope for a junior booby is the death of the 1st-born. 

Among blue-foots, sibling violence is provisional. As long 

as parents are ample providers, a senior chick tolerates the 

younger hatchling. Woe to the 2nd-born if the 1st is not well 

fed. 

Youth is still tortuous for the younger. An elder fledgling 

takes all the food that it can, and chronically pecks to demand 

submissive behavior, like facing away with its bill tucked 

down. If a 2nd-born makes it through its first months, its pro-

spects are just as good as its sibling. 

Bullying in infancy does not make wimpy adults. ~ Mexican 
ornithologist Oscar Sánchez-Macouzet 

No matter how badly treated as a chick, upon maturity, a 

once-persecuted booby is surprisingly unflappable. 2nd 

hatchlings are just as capable of attracting partners, repel-

ling rivals, and raising families as their domineering elder 

peers. Fearless indeed. 

 

Many avian females solicit copulations from alluring 

males. They are often trading up. 
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Females are likely to have twice as many grandchildren if 
they mate with an extra-pair male than if they remain truly mo-
nogamous. ~ English ornithologist Nicole Gerlach  

Blue tit females mated to attractive high-quality males 

are less inclined to extra-curricular copulations than females 

mated with lower-quality mates.  

Blue tits are territorial. A female may find the best males 

taken and so must settle for less in a nest mate. Extra-pair 

mating may get her quality offspring and a supportive care-

taker.  

2nd-rate males are more often abandoned by their own 

female when she is fertile, receive fewer visits by neighboring 

females, have fewer offspring, and themselves survive less 

well. Whereas females fare well by divorcing their mates, 

males rarely ever wind up doing better.  

By contrast, females in lekking species rarely copulate 

with more than 1 male. These females have free choice of a 

mate, regardless of what other females are doing. 

With many birds, availability breeds lust. Avian extra-

pair matings shoot up with population density. But not for 

burrowing owls. In the wild, burrowing owl nests are typi-

cally 15 km apart. Human urbanization brings nearby nest-

ing opportunities. Nests may be as close as 10 meters.  

Despite close proximity, burrowing owls remain monoga-

mous. Other factors besides opportunity determine their 

mating practices. The need for parental care from both par-

ents is a strong inhibitor of cheating. 

Like burrowing owls, barn owls are monogamous. But 

25% of barn owls eventually divorce, when breeding does not 

prove successful. The marital goal of a barn owl remains to 

find a compatible mate and stay together. 

Swans are the largest of the waterfowl family, and among 

the biggest flying bird. The largest swan species – including 

mute, trumpeter, and whooper – can reach 1.5 m in length, 

with 3-meter wingspan, and 15 kg girth. Males are generally 

larger and heftier than females. 

The fidelity of swans is legendary. They are monoga-

mously mated year-round for much of their 20-year life. The 

longer a swan pair are together, the better they get at raising 
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chicks. Unlike geese and ducks, swan males help build the 

nest, which is fiercely guarded by both. 

Many seabirds form lasting relationships, almost always 

after considerable acquaintance and assessment. Repetitive 

mating rituals serve this courtship purpose, as well as form-

ing emotional bonds between a new pair.  

Albatrosses are as faithful as swans. Giant petrels are 

mobsters in their social habits but have marriages of model 

monogamy. 

There can be marked mating contrast between similar 

birds. Gannets have long-term relationships whereas some-

what similar frigatebirds change partners each bout of breed-

ing. 

Gannets colonially nest in crowded conditions on rocky 

seaside cliffs. The timing of breeding is critical to chick sur-

vival. A good nesting space is hard to find, so partners return 

to the same spot year after year. Monogamy suits their situ-

ation, to the point of having developed elaborate bonding rit-

uals. 

Frigatebirds too have elaborate rituals, though for mat-

ing courtship, not partner bonding. That's the closest simi-

larity between gannets and frigatebirds in the pairing 

department.  

Frigatebirds nest on tropical islands. There are no clear 

seasons. Food supply is uncertain. Parenting is arduous. It 

takes more than a year to rear a chick.  

So frigatebirds find a mate when conditions are favorable 

and get on with the business of breeding the next generation. 

There are no loving displays at a frigatebird nest: they gen-

erally ignore each other. 

Besides birds, several monkey species are monogamous. 

In long-lived animals, a male is prone to abandon a female if 

the paternity of a brood is in question. Where paternal care 

is important, this reinforces monogamy. 

 

With their mammaries, female mammals have infant 

nursing built in. Only where a male can contribute substan-

tially – in protection and/or paternal care – does monogamy 

appear in mammals. 
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 House Mice  

House mice employ a complex olfaction-based communi-

cation network. Even without direct encounter, a mouse 

knows the sex and social status of another from the scent of 

its urine. 

A pregnant female will spontaneously abort a litter she is 

carrying if a strange male mouse is in the house. However 

maladaptive this may seem, it is instead making the most of 

unfortunate choice. 

Male mice tend to kill newly born mice that they did not 

father. Rather than risk carrying a litter to term that will be 

killed, a female reabsorbs her embryos; starting anew with a 

new male; thus raising the odds of offspring surviving. 

 

Owing to chronically limited food supplies, jackals are 

territorial. They are also monogamous, as defending territory 

is much easier by working together. Jackal males contribute 

parentally by feeding pups through regurgitation. 

Prairie voles too are territorial and monogamous. The 

bond is lasting. Couples pair off and live together throughout 

their adult lives. The huddle and groom each other. They 

share parental care. While pair-bonded females are typically 

aggressive toward unfamiliar males, some will have a fling if 

the opportunity arises. Other vole species vary in their mat-

ing systems: some tending toward monogamy, others not. 

Monogamous monkeys include the titi, night monkey, 

and the gibbon. The tiny tarsier is the standout monogamous 

primate. 

Tamarins are squirrel-sized New World monkeys, arbor-

eal inhabitants of tropical rainforests. They live in groups of 

up to 40, comprising 1 or more families, though small groups 

of 3 to 9 are more frequent. Each family group centers on a 

single dominant breeding female. Young females reaching 

sexual maturity either leave the group or remain and don't 

breed. Multiple males mate with the dominant female. Twins 

are typical with tamarins. A few days after birth, the babies 

are carried by the males in the group and only handed back 

to mom for nursing.  
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Marmosets, closely related to tamarins, are similar in 

mating and parenting practices. Marmosets live in extended 

family groups of 3 to 15, including unrelated companions. 

Their mating system is variable, altering between monog-

amy, polygyny, and occasionally polyandry.  

Marmosets practice alloparenting. Females other than 

the mother and males carry young through months of de-

pendency. Marmosets scent-mark home ranges and defend 

them, but are not entirely territorial, as home ranges often 

overlap between groups.  

In mammals, female gestation and lactation means that 

a male may have little to contribute in improving the chance 

of his offspring surviving. His reproductive interest may be 

in seeking more mates, not in parental care. Hence, promis-

cuity and polygyny are the most common mating system in 

mammals. 

Polygyny predominates in primates. Males defend a small 

harem of mates whose long gestation and well-spaced recep-

tiveness render them easily controlled.  

A dominant male's harem may be chipped away by prom-

iscuity. Macaque females copulate on the sly with lower-

ranking males when an opportunity arises.  

Other than protection, primate mothers rear offspring 

unassisted. This typifies lemurs, capuchins, howler and leaf 

monkeys, macaques, and gorillas. 

Several primates besides humans are quite promiscuous, 

including patas monkeys, baboons, and chimpanzees. A re-

ceptive female Barbary ape may be mated by as many as 10 

males. 

 Cooperative Breeding  

Cooperative offspring care is not the norm, but neither is 

it unusual. Conversely, cooperative breeding is rare. 

The essentials of cooperative breeding evolved early. Re-

call the common soil amoeba Dicty, which aggregate into a 

fruiting body, whereupon only a few amoeba spore. 

The Tasmanian native hen is a flightless rail endemic to 

Tasmania. Males face stiff competition for females as juve-
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nile males outnumber females. Yet some males cooperate ra-

ther than compete. A native hen nesting arrangement is ei-

ther of a mated pair or a trio, typically comprising 2 brothers 

and a female.  

Sibling cooperation pays off. Trios produce larger 

clutches, and successfully rear a higher percentage of chicks, 

than mated pairs. 

 Turkey Strut  

Wild turkeys brothers in Texas pair up to get a mate for 

the better of the two. Brothers help each other in the fierce 

competition for females. 

When 6 to 7 months old, brothers leave their brood flock 

together. The relative status between the siblings is then de-

cided by series of fights, some lasting 2 hours, where they 

peck at each other and strike with their wings. The winner 

becomes the dominant one for life. 

Next, brother pairs challenge each other for dominance 

over the winter flock. Usually the largest pair wins. 

Different flocks compete whenever they meet, settling 

dominance at that level. The outcome determines the one 

male above all others in mating precedence. 

Females and males gather at the mating grounds in Feb-

ruary for a lek. Each brother pair competitively struts and 

fantails synchronously in the direction of observant females. 

When a female is ready to mate, the subordinate yields to 

the dominant tom. Likewise, subordinate brotherhoods yield 

to the dominant pair of the flock. As a result, only a tiny frac-

tion of males mate: 4% or less. 

 Birthing  

Birthing basically bifurcates into laying eggs (oviparity) 

or bearing live young (viviparity). The mode of birth greatly 

influences pre-birth and post-natal parental care. 

 Egg-Laying  

Most fish, amphibians, reptiles, all birds, and a few mam-

mal species are egg layers. Fertile eggs have their own energy 
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supply. Yet egg-laying provides opportunities for parental 

care, both before and after eggs are laid. Pre-birth care can 

be particularly important for egg layers.  

There's no sexual jealousy in fish. ~ Australian mathematical 

ecologist Hanna Kokko 

25% of fish species practice protective care of eggs. When 

there is no trade-off between mate attraction and paternal 

care, males are more likely to look after eggs. Female fish 

often prefer to mate with a male already looking after eggs, 

as it demonstrates caring credentials. 

Several fish carry their eggs in their mouths. A male sea-

horse carries eggs in his brood pouch; eggs are laid there by 

his lifelong mate for safekeeping.  

Fish fatherly care of an emergent brood is common in nest 

preparation and protecting laid eggs. Protecting free-swim-

ming fry often finds dad on duty. 

Lusitanian toadfish males chorus like frogs to attract 

females to spawn with. They then spend 3–4 weeks caring for 

the resultant eggs, which are attached to the ceilings of their 

nests. These toadfish are devoted fathers. Aside from 

aerating eggs and warding off predators, they splash water 

on the eggs to keep them hydrated if the nest becomes 

exposed at low tide. It is a full-time job. A hungry dad 

occasionally eats some eggs to keep going. 

Parental care in tailless frogs and toads is rare: only 10% 

of species care in any way for eggs or offspring. 18% of the 

555 salamander species extend parental care. 

Amphibian parental care includes creating foam nests to 

protect eggs, guarding eggs and moistening them to prevent 

desiccation. Some frogs carry eggs on their backs. A few tote 

their tadpoles. 

Unlike the desiccation-prone eggs of fish and amphibians, 

reptiles and other egg-laying species lay eggs on land that are 

toughened by a sturdy membranous sac which encloses an 

embryo, encased in a hardened shell. Eggs may be laid and 

left; exactly what many reptiles, and some birds, do. That is 

not poor parenting, as protective provisions were made for 

the eggs, by careful placement to avoid predation.  
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Reptiles typically tend toward solitude. After mating, 

they separate and continue their independent lives. 

 Smart Eggs  

Left their own devices, eggs are not entirely helpless. 

Some fish eggs hatch only when light and temperature con-

ditions are favorable. 

Signals sent by predators can prompt embryos to break 

out early or delay hatching. Frog, lizard, and snake embryos 

sense chemical and physical surroundings, including sugges-

tive vibrations, to decide when to hatch. 

Some avian embryos within eggs are aware of their situ-

ation. Franklin's gull is a small migratory gull that nests in 

wetland vegetation in central Canada. A growing embryotic 

chick knows when in the nesting period it was laid by the 

nature of the nutrients in its egg and the amount of daylight 

it experiences. The embryo adjusts its development so as to 

hatch and be ready to migrate on schedule.  

 Water Bugs  

Parental care by insect males is rather rare. Like reptiles, 

the parental care for many insects extends only as far as care-

fully laying eggs. There are exceptions. 

Giant water bug males have eggs laid directly on their 

back. A brooding male spends hours perched near the surface 

of the local pond, doing pushups to keep well-aerated water 

flowing over the eggs.  

Giant water bugs are among the world's largest insects. 

They specialize in grabbing and stabbing sizable prey (from 

an insect perspective): frogs and fish, as well as tasty tad-

poles. 

After hatching, an insect grows through immature stages 

in successive molts. When an immature insect molts, it ac-

quires a new skin into which it quickly grows. Growth stops 

when an insect reaches sexual maturity. 

At each stage of development, the respiratory system of 

an insect is fixed in size. This limits oxygen intake. Suffoca-

tion drives molting and metamorphosis.  
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No immature insect grows more than 50–60% in a single 

molt. The giant water bug family evolved with a maximum 5 

to 6 molt sequence. 

A newly hatched giant water bug (the first instar) needs 

to be pretty big to tackle a tadpole. Given the evolutionary 

parameters, that requires a large egg. Not surprisingly, the 

eggs of giant water bugs are themselves giant compared to 

other insect eggs.  

Being large requires a higher metabolism, which, for an 

egg, means needing a lot of oxygen. Being large also means a 

low surface-area-to-volume ratio. Therefore, the egg getting 

enough oxygen is a potential problem. Large eggs have a 

built-in oxygen deficit.  

Oxygen diffuses through air more readily than through 

water, but eggs without a hard shell quickly desiccate. 

Giant water bugs were bound by biophysical constraints 

in solving the adaptive problem of ensuring that their large 

eggs got enough oxygen. The solution was dad doing pushups 

at water's edge with eggs on his back. 

To produce her clutch of large eggs, a female water bug 

has a much higher basal metabolism than a male. Hence pa-

rental care has a greater fitness cost for females than males. 

This biases adaptation to paternal care. 

It's not all drudgery for a brooding male. Carrying a 

clutch of eggs can be good advertising of diligent paternal 

care. Males with backside to spare sometimes attract a 2nd 

female.  

 

All sorts of nests are constructed for eggs. Megapodes and 

crocodiles build nest mounds. 

 Megapodes  

The megapode is a precocial chicken-like bird native to 

the Australasian region. Megapodes have large feet and 

small heads (mega = large + poda = foot).  

Megapode hens don't incubate their eggs with their own 

body heat. Instead they bury their eggs in a massive mound 

of decaying vegetation. The male tends the nest mound, reg-
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ulating internal temperature by adding or removing nest lit-

ter. The sex of the chick depends upon nest temperature, as 

it does with crocodiles.  

Megapodes are superprecocial. A hatched chick digs its 

way out of the nest mound without parental assistance. It 

takes but a day before a megapode chick takes wing and flies 

off. 

Other megapode species have different incubation strate-

gies, employing geothermal heat or Sun-warming sand. Some 

vary their incubation strategy depending upon local condi-

tions.  

 

Despite their massive girth and natural aggressiveness, 

crocodiles and alligators are tender, loving parents; demon-

strating the most highly developed parental care of all rep-

tiles. A crocodile parent, mom or dad, guards the nest for the 

70 days it takes an egg to hatch. A hatchling having trouble 

escaping its eggshell is given an assist. One or both parents 

help hatchlings from the nest, which are then helpfully car-

ried to nearby water in huge jaws. 

Pythons are the only ectothermic vertebrate that directly 

warms eggs: coiling around them to incubate them. Other 

egg-laying reptiles go to considerable care to find a place to 

bury their eggs, protected from the elements and predation. 

Of the snakes, only the king cobra makes a nest that is ag-

gressively defended until the eggs hatch. 

In endothermic birds and monotreme mammals, eggs are 

incubated through warmth. Most of these animals feed 

hatchlings. 

 Bird Eggs  

Exposure to hormones during early development is important 
in shaping the development and personality traits of offspring. 
~ English zoologist Carl Soulsbury 

When laying eggs, a mother bird may tweak the character 

of her chicks by adjusting energetics which materialize in 

yolk hormones. This produces distinct personalities as an 

adaptive hedge in unpredictable environments. 
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While birds are well known for their nests, some do not 

bother. Several species of seabirds lay their eggs on a bare 

rock ledge or on a sandy beach. 

The size and shape of bird eggs is related to a bird's body 

and lifestyle: how a bird flies, how far, and how much dietary 

calcium is available. Environmental factors also weigh in, in-

cluding need for resistance against impacts. 

To maintain sleek and streamlined bodies for flight, birds lay 
eggs that are more asymmetric or elliptical. With these egg 
shapes, birds can maximize egg volume without increasing the 
egg's width – this is an advantage in narrow oviducts. ~ Amer-
ican evolutionary biologist Mary Caswll Stoddard 

Japanese quail lay speckled eggs which vary greatly in 

appearance between individuals. A female picks a location on 

the ground to lay her eggs that best matches the color of her 

own eggs, thus providing the most effective camouflage. 

Avian egg color strikes a balance between 2 opposing, and 

potentially damaging, effects of sunlight: light transmission 

into light-colored eggs, and heating dark-colored eggs. While 

camouflage from predators is the key factor in dull or mottled 

egg colors, the hues of brighter-colored eggs are adapted to 

their exposure to the Sun. 

 Live Birth  

Animals which give birth to live young have 4 main birth-

ing methods: 2 each for ectotherms and endotherms. The ec-

tothermic techniques assume embryos developing inside eggs 

kept in a mother's body until ready to hatch. 

Several invertebrates, bony fish species, a few amphibi-

ans, and many snakes and lizards practice ovoviviparity, 

where there are no trophic interactions between mother and 

developing embryo other than gas exchange (respiration). 

The egg is nourished entirely by egg yolk. 

The Australian yellow-bellied 3-toed skink practices ovi-

parity or ovoviviparity depending upon habitat. In the warm 

costal lowlands, the skink lays eggs. At higher elevation, in 

the colder mountain ranges, the skink holds her eggs inter-

nally, birthing live young. 
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In viviparity, the other ectotherm method, the embryo de-

velops inside a mother with her nourishment, but without 

placenta. Viviparity is practiced by some fish, amphibians, 

and reptiles. 

Mammal birthing takes 2 routes to bear live young. The 

earlier evolutionary development lacks a placenta. Marsupi-

als connect to an internal embryo but give birth to premature 

babies that are nursed in a mother's pouch. 

A later-evolved technique employs a placenta: a sack-like 

organ with fetus inside, connected to mom's uterus by an um-

bilical cord for respiration, nutrient uptake, and waste elim-

ination.  

Although quite caring after birth, external pre-birth care 

is largely absent in mammals. Pinnipeds, such as sea lions, 

give birth without preparation beyond migrating a vast dis-

tance to reach the beach where they were born. Most ungu-

lates make no preparations for a birth other than some 

separation from the herd just prior to giving birth.  

Except for nest-building prosimians, female primates 

simply give birth, then pick up the offspring, which instinc-

tually clings to its mother.  

The young of most species are quickly mobile within a few 

hours of birth, whereupon they must keep up with mom. 

 After Birth  

All vertebrate classes provide examples of post-natal 

care. The varieties and depths of parental commitment to off-

spring vary widely.  

The degree of precociality or altriciality is the most obvi-

ous difference. Whereas precocial animals don't need much 

help getting a start in life, altricial ones would die without 

extended parental care.  

The ability to get on with living is not the only factor. So-

ciality also matters. Innate knowledge may be inherited, but 

many social animals rely upon cultural knowledge, and fam-

ily ties are often significant in social status. Hence, after-

birth relations can vary by social circumstance. Many mam-

mals maintain relationships with their parents long after be-

ing weaned. 
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Typically, the major disparities in behaviors are between 

ectotherms and endotherms. But, as with so much of zoology, 

there are many exceptions. 

There are insects, fish, and a few amphibians that care 

for their young. Among reptiles, only crocodiles and alligators 

are doting parents.  

Most baby birds are parentally fed or at least shown 

where to forage. All infant mammals must suckle sustenance 

for some duration. 

Some endotherms bring food to the mate caring for the 

offspring. Most often the male provides for his mate. 

 Parental Care  

Many vertebrate animals are good parents, and the responsi-
bilities of parenthood take priority over all other aspects of their 
behavior. Parental care becomes the dominant force in their 
lives. ~ English zoologist Clive Roots 

Parental duties are typically twofold: food and protection. 

The extent of post-natal care varies considerably by species, 

from days to a decade or more.  

Animals have been taking care of their young for at least 

450 million years. Ostracods (seed shrimp) are the earliest 

known example of brood care. Early in dinosaur descent, 

some diapsids provided post-natal parental care.  

The general rule that parental care increases with 

complexity, size, lifespan, or whatever is so full of exceptions 

to not be a rule at all. Hooded seal pups are nursed for only 4 

days on average, whereas parental cichlid fish care may last 

months. 

Mortality is typically reduced by parental care, and af-

fords the opportunity of learning from parents, including cul-

tural transmission. 

 Earwigs  

European earwig mothers lay a 

clutch of ~50 eggs in an underground 

nest during autumn, caring for them 

by cleaning the eggs to avert fungal growth. When the eggs 
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hatch in the spring, good mothers guard and feed their off-

spring until they reach maturity: about a month. 

Some European earwig moms are less fastidious in their 

maternal care: leaving their offspring to fend for themselves. 

Loss of maternal care influences neither developmental time 

nor survival rate for the 1st neglected generation. Indeed, or-

phaned earwigs may grow to be bigger adults. 

There is a transgenerational cost: maternal care makes 

better moms in the next generation. Orphaned females tend 

to neglect caring for their eggs and their juveniles, feeding 

and guarding them less. Survival suffers. 

 Cichlids  

Cichlids provide parental care for both eggs and larvae. 

Mouthbrooders incubate eggs in their mouth as soon as they 

are laid. Some, including the discus (pictured), feed their 

hatchlings by skin secretion from mucus glands. 

Free-swimming cichlid young may be cared for weeks or 

months. Some species practice communal parental care: mul-

tiple monogamous pairs care for a mixed school of offspring. 

Fairy cichlids school and employ a collective nursery: fry are 

protected by older juveniles from previous spawns as well as 

by adults. 

 Strawberry Poison Frogs  

With a blazing red-orange body that brazenly warns 

would-be predators, Central American strawberry poison 

frogs outsource their toxicity production. They garner their 

alkaloid poison from the mites, ants, and other arthropods 

they eat, storing it in their skin glands. 

A female lays her eggs in leaf litter, leaving them in 

papa's care for a week or so. He keeps the eggs safe and pees 

on them to keep them moist.  

Mother then returns and moves the eggs into a pool of 

water she forms in the foliage.  

When the eggs hatch, she feeds each her offspring daily 

for 6 weeks with unfertilized eggs until the tadpoles trans-

form into frogs. Besides being nutritious, the unfertilized 
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eggs possess enough poison to protect the tadpoles from pred-

ators.  

 

Parenting is often part of an animal's life cycle; its form 

related to the mode of birthing, number and type of offspring, 

habitat, lifestyle, and sociality, among other things. There 

are confluences in these factors, forming a species survival 

strategy. 

Animals either lay eggs or bear live young. The young 

may be precocial or altricial.  

The number of eggs laid in a clutch varies from a very few 

to tens of thousands. The more eggs, the more likely that: 1) 

offspring are precocial, and 2) post-hatch parental care is lim-

ited, if there is any at all.  

Large numbers of hatchlings make post-natal care im-

practical. Parental care in such case is pre-birth: placing eggs 

in a safe place and possibly watching over them until they 

hatch. 

Some precocial species show parental care, particularly 

protection of hatchlings. Grebes and loons are precocial, but 

parents protectively carry their young on their back. The 

number of offspring per brood are small in both instances. 

Species of both birds are gregarious. Most grebes flock to mi-

grate. Some loons, though territorial, have ritualized social 

gatherings. 

Some beetle mothers take prodigious care of their little 

ones. Hatchlings are slow-moving, so leaf beetle moms, like 

many others, look out for predators and parasites. This is not 

the only maternal care that beetles engage in. Some leaf bee-

tles prepare for bearing live offspring by readying leaf re-

sources. Once born, mothers herd their hatchlings among 

leaves that maximize nourishment. 

However birthed, having only a small number of offspring 

eases parental care. The degree to which post-natal care oc-

curs and its duration often coincides with the sociality of the 

species. Most viviparous species are quite social.  

Live birth is necessarily of a very few offspring at a time: 

1 is common. Offspring are typically altricial. Little if any 
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pre-natal care, and considerable post-natal parental care, are 

the norm.  

However crucial to successful species propagation, paren-

tal care is but one part of life's package deal. At the onset of 

breeding, mating style and parenting practice are related in 

many species. 

Post-natal parental care appears in 3 forms: maternal, 

paternal, or biparental. Protective care by elder youngsters 

is common in social species. A few species practice familial 

upbringing.  

Parental care is a major factor in social organization. 

While mothers are a default caretaker, dads get involved in 

relatively few species. In 90% of mammalian species, a male's 

role in reproduction ends with fertilization. Contrastingly, 

many fish and birds, including colonials such as gulls, have 

fathers that extend prodigious care and feeding to their prog-

eny. Paternal care occurs for a notable few mammals, includ-

ing marmosets and gibbons. 

For emperor penguins, a father fasts for months while 

holding an egg between its legs to keep it warm. In contrast, 

baboon fathers do not assist in offspring upbringing. Instead, 

they guard the entire troop, along with other adult males. 

Humans are not very typical mammals, but they are quite typ-
ical birds. Birds have pair bonds, extra-pair copulations and di-
vorce. They have all kinds of complicated social relationships, 
not so unlike humans. ~ Hanna Kokko 

Biparental care is most common in birds. 90% of avian 

species are socially monogamous (but only 3% of mammals). 

Both bird parents share incubation and brooding duties. 

For some birds, paternal interest is more or less enthusi-

astic, depending the partner. A male blue tit is a more dili-

gent father when he considers his mate attractive. 

 Demurring Murres  

Reproductive success requires a high degree of cooperation 
by each mate, as they switch duties. ~ American wildlife biol-
ogist John Piatt on murres 

The common murre lives its life at sea, fishing in the 

frigid waters of the northern oceans. It spends time on land 
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only to breed, in a high-density colony on rocky shoreline 

cliffs. 

A common murre female lays a single egg 

per breeding season. Parenting is shared be-

tween mates.  

Communication between mates allows murres 
to negotiate the level of effort that each member 
of the pair puts into the breeding effort. ~ John 
Piatt 

Mom and dad take turns watching over the chick while 

the other goes fishing. When one parent returns with a meal, 

the couple preen each other and switch roles. This swapping 

ceremony typically transpires 3–4 times daily. 

Role flipping does not always go smoothly. In some 20% 

of the switching ceremonies, one parent is slow to preen its 

mate, and then refuses to go fishing; forcing the one who just 

returned with a fish to go back out. 

Tension also rises when the one with fishing duty comes 

back empty-beaked, which happens about 10% of the time. 

The failed fisher quickly starts to preen its mate; but the ea-

ger preening is only slowly reciprocated, or not at all. 

The brooder is basically communicating: "The chick still 
needs a fish; you better go get one." ~ Canadian psychologist 
and ethologist Carolyn Walsh 

The swapping ceremony is a way for these seabirds to 

communicate their well-being, and to negotiate. Staying in 

the nest allows a worn-out murre to recover its strength. It 

may well need the respite. 

Flying out to sea to fish is taxing for murres, as these 

birds are not very aerodynamic. Though fast fliers, murres 

are not very agile. 

There is a correlation between feeling well and swapping 

ceremony performance. While being a good mate sometimes 

requires forbearance, chronic shirking gets old. 

Murres usually mate for life, but pairs sometimes divorce. 

Whether a couple is heading toward a split is a tale foretold 

in its role-swapping negotiations. 
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2% of bird species have a propensity to pilfer. Certain bird 

families are more prone than others. Birds of prey and sea-

birds tend to thievery, while songbirds much less so.  

How birds make their living extends to their social graces 

(or lack thereof). Care in parenting may be altogether quite 

different. 

Terns are prone to relieve larger species of their catches, 

and well as con one another. A female tern flirted with fish-

toting males just long enough to sidle close and nab their 

food. Such antics are no reflection on parenting. A study 

found that tern thieves "were far and away the best parents."  

Many birds vocalize at their young. This often starts be-

fore hatching. A mallard mother-to-be mutters to her eggs. 

The tiny ducklings within respond when near hatching time, 

uttering sounds of their own. This part of the imprinting pro-

cess, by which ducklings know to follow their mother. 

 

Eusocial species have an entire colony as an extended 

family. Alloparenting is de rigueur. 

 Alloparenting  

Various gregarious species practice alloparenting: indi-

viduals other than biological parents act parentally. Females 

may forgo breeding to help others in the group rear young-

lings. The biologic for cooperative breeding is in raising the 

odds for successfully rearing offspring. 

Some human tribes, such as the Efé of Ituri Forest in the 

Congo, practice alloparenting. Sustained intimate group co-

operation is not typical of this social-but-selfish species. 

 Common Crèche  

Spiders are not known for their sociality, but of the 43,678 

known species, at least 2 dozen are gregarious. Spider social-

ity independently evolved several times. 

2 closely related cobweb spiders cohabit in a colony. They 

don't hunt together. Instead, the colony is a colossal crèche. 

These spiders practice protective alloparenting. A female 

looks after any young within her purview. 
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 Meerkats  

Meerkats are outgoing mongooses that live in close-knit 

groups. Individuals know each other, both by looks and by 

their calls.  

In a meerkat group, some will stand sentry while others 

forage. Further, all adult group members participate in pro-

tecting the young, not just parents.  

Sentries are especially vigorous when pups are present. 

Sentinel behavior is geared to protecting the most vulnera-

ble.  

Despite the concern, dangerous duties go to a junior meer-

kat. A dominant meerkat lets a younger adult be the first to 

cross a road or other open area.  

Just as human societies sacrifice their young in war, the 

realization of perceived imminent threats is inflicted upon 

those least valued by dominant members of a meerkat social 

group. 

Alloparenting is not optional. For all their altruism and 

cooperation, meerkats are a hierarchical society.  

An alpha pair reserves the right to mate. A dominant fe-

male will often kill any errant pups or force a subordinate 

mother to abort. 

Some young female adult meerkats will wet-nurse a dom-

inant mother's offspring to stay within the community. Fe-

males can lactate by will, without ever having been pregnant. 

(Allolactation occurs in numerous mammal species.) 

The dominant couple may banish offending mothers. New 

meerkat groups are often formed by roving males pairing 

with evicted females. 

Meerkats don't practice incest. If an alpha female dies 

and is succeeded by her daughter, her father will not mate 

with her. In this case, the colony reproduces via alpha group 

females stray-mating with roving males from other groups. 

Under this dynamic, pregnant females tend to kill and eat 

any pups of other non-alpha females. 

Meerkat societies are the human equivalent of totalitari-

anism. 
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Uncoercively, Florida and Mexican scrub jays have coop-

erative parenting, where there are helpers at each nest, usu-

ally close relatives of the breeding pair.  

Cooperative parenting may be inspired by resource short-

age: insufficient food to afford more widespread breeding, at 

the risk of a group or population starving itself. 

An acorn woodpecker couple with fledglings has several 

helpers that do not breed. They are generally young adults 

related to the family who have yet to mate. Helpers assist by 

foraging for food for the family.  

Such assistance more beneficial in years of abundance 

than those of scarcity. In hard times, helpers may be consum-

ing food that could otherwise go to the fledglings. During 

such times, alloparenting can be counterproductive to repro-

ductive success. 

Cooperative parenting is most common in tropical and 

subtropical bird species that are colonial, or monogamous 

pairs that occupy territory year-round. Helper tasks may 

vary by species: from nest-building, incubation, and feeding 

hatchlings to property protection and predation defense. 

Ani is a tropical cuckoo whose members live communally, 

in groups of up to 4 pairs. Females lay their eggs in one large 

nest and take turns incubating. The glitch in the ani's breed-

ing system is sometimes having too many eggs to fit in the 

nest. If this happens, a female ani will roll existing eggs out 

of the nest before laying her own. The dominant female typi-

cally lays last. Hence her eggs are keepers. 

Alloparenting is not always of obvious need. Emotional 

attachment keeps some youngsters at home longer than biol-

ogy necessitates. Yearling beavers, physically mature, typi-

cally stay with their parents for a season, helping to care for 

younger siblings. So too coyotes, gibbons, and numerous 

other mammals. 

Carnivores more typically face such a dilemma of exigent 

conditions when their natural inclination is to more freely 

breed. Wild cat groups in harsh circumstances will coopera-

tively breed and practice alloparenting to help ensure the 

group's long-term prospects. 

Primates often assist with child-rearing. Childless fe-

males babysit for short periods, grooming and playing with 
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younglings. Such childcare is not altogether altruistic. Child-

care by Japanese and rhesus macaques helps females form 

alliances with mothers of superior rank. Babysitting is bene-

ficial to young females for their own training. Irrespective of 

motive attribution, doing well by doing good benefits all in-

volved. 

 Adoption  

The human tendency of generalized kindly feelings to-

ward babies is less natural to other animals, who as often as 

not regard the young of others, and even sometimes their 

own, as food. Parents knowingly caring for the offspring of 

others is out of the ordinary, especially toward genetic 

strangers. But it does happen. 

Some birds are so stimulated by the calls of chicks in an-

other nest that they respond by feeding the hungry others. A 

walrus may adopt an orphaned calf. A female monkey may 

care for another's baby. Several instances of chimp adoption 

have been recorded. 

A pack of African wild dog males adopted 9 5-week-old 

pups when the pups' mother died. The adult males went to 

the pups' den each day, delivering food; caring for the young-

lings until they were able to join the pack on hunting trips. 

Food sharing is common among these dogs. 

Female burrower bugs lay their nest of eggs near others. 

Mothers tend to developing eggs before they hatch, then feed 

their offspring nutlets from mint plants. Finding mint nut-

lets is a competitive business. If a young bug decides mom is 

not provisioning to satisfaction, it may join a better-fed brood. 

Colonial, ground-nesting gulls occasionally adopted unre-

lated chicks. Chicks may abandon poor parents who fail to 

provide enough food and take refuge in the nest of a neighbor. 

That desperate tactic works less than 10% of the time, but a 

lucky few improve their prospects in life. 

The situation is different with goslings. There are wide-

spread adoptions in the 1st week of a gosling's life. The chicks 

themselves decide to throw in their lot with parents of higher 

social rank. 
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The chick decides when to leave the family, and which family 

it wants to join. ~ Dutch ornithologist Jan Komdeur 

A chick's freedom to switch parents is abetted by the fact 

that geese find it hard to distinguish their own goslings be-

fore they are ~9 days old. This is an adaptive inability. Young 

goslings are easy pickings for Arctic foxes and gulls. The grief 

of caring parents from such loss is lessened by adoption. And 

larger families fare better than small ones. 

While goslings may choose new parents, other younglings 

have little say. Faced with chronic predation, convict cichlids 

like their families large. So, cichlid parents kidnap little ones 

to act as a living shield for their own offspring. 

Cichlid parents are always actively searching around, and if 
they see babies, and they don't eat them, they will lure them 
into their brood. ~ American ichthyologist Brian Wisenden 

Cichlid adoptees tend to be the smallest of the brood, and 

the least likely to survive. Predators choose the easy prey. 

Among tessellated darter fish, males tend the young on 

their own. A prospective father sets up his territory: cleaning 

the underside of a rock, waiting for a female to lay her eggs 

there, and then fertilizing them. 

At some point, the father moves on; whereupon a smaller, 

unrelated male typically takes over the territory – picking up 

where the other male left off: keeping the rock clean, aerating 

the eggs, and defending them. Females prefer a doting dad. 

So, despite his size, an adoptive dad may get lucky and ferti-

lize some eggs of his own. 

Male hamadryas baboons willingly adopt juvenile fe-

males. Such adoption is far from selfless, as it helps in accu-

mulating a harem. But it is caring, and for a goal far removed 

in time. 

 Brood Parasites  

Many socially monogamous avian species have extra-pair 

matings. This cuckoldry is taken a step further by a female 

laying her eggs in the nest of another: brood parasitism (BP).  

Parents are tricked into rearing the young of the brood 

parasite. BP birds lay more eggs than otherwise, as they 

forgo the chores of incubation and feeding hatchlings. 
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The eggshells of brood parasites – whether cuckoos, cow-

birds, or honeyguides – are up to 30% thicker than those of 

the birds they parasitize. This is a classic case of convergent 

evolution. The greater shell thickness provides insulation 

which accelerates incubation. BP chicks hatch before their 

host's eggs do, giving them a head start, and a chance to eas-

ily dispatch incipient rivals.  

The host's eggs are commonly disposed. A BP bird may 

remove the host eggs as she lays hers or pierce the eggs and 

kill the embryos. Otherwise, parasitic hatchling may kill 

other nestlings, though some parasitic chicks grow up along-

side host offspring. 

There are 5 brood parasite bird families with various spe-

cialties in victims: various ducks, Old World cuckoos, viduids, 

African honeyguides, and all New World cowbirds. 

Goldeneye ducks will put their eggs in other goldeneye 

duck nests. Such intraspecific brood parasitism is practiced 

by other duck and geese species as well. These foul fowl may 

also nest themselves. 

Interspecific brood parasitism is more the norm: parasi-

tizing other species. Most avian brood parasites are special-

ists in parasitizing a single, or small number, of closely 

related host species, but 4 of the 5 parasitic cowbirds are gen-

eralists, with a wide variety of hosts.  

The brown-headed cowbird has 221 known hosts. Usually 

only 1 parasitic egg per host nest is laid, though cowbirds are 

not so discriminating: a few different females may lay in the 

same host nest. 

The common cuckoo parasitizes at least 125 hosts, but in-

dividual females specialize in a single species. Inheritance 

regulating egg coloration is passed exclusively along the ma-

ternal line, allowing females to lay mimetic eggs in the nest 

of the species they specialize in.  

Females imprint upon the habitat, particularly vegeta-

tion, to find host nests of the species which reared them, and 

subsequently parasitize nests of that species. Male common 

cuckoos will happily fertilize females of any host, hence main-

taining genetic diversity among different maternal lines. 
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Nostalgia in Nature is not just sentimental. Habitat im-

printing is employed by many insects, birds, and mammals, 

for both feeding and breeding.  

Cuckoos in the neighborhood are bad news. Their pres-

ence indicates that interloper eggs will be deposited.  

Naïve birds with no experience of brood parasitism know 

no better. BP eggs are easily accepted. But experienced moms 

react. When a cuckoo is spotted in the neighborhood, an 

alarm is raised, and the offender is mobbed to drive her off. 

Hence, young mothers-to-be cotton to the evil of cuckoos via 

social learning. 

In predator-prey and host-parasite interactions, an individu-
al's ability to combat an opponent often improves with experi-
ence. Individuals can also assess threats from social information. 
Such recognition promotes the evolution of polymorphisms, al-
lowing rare variants to evade detection. ~ English zoologists 
Rose Thorogood & Nicholas Davies 

As an evolutionary adaptation, cuckoos counter mob at-

tacks by imitating the color of a local bird that preys on the 

cuckoo's host, such as a hawk. That puts off would-be mob-

bers, at least for a while. 

There is no benefit in looking like a dangerous species your 
target is not familiar with. ~ ornithologist Thanh-Lan Gluckman 

As victimized birds learn to see through a mimetic dis-

guise, it becomes less effective. To counter this, cuckoos 

evolved plumage polymorphism: individual cuckoos have dif-

ferent colorations.  

Social learning by brood parasite victims and plumage 

polymorphism by cuckoos are typical of ecological adapta-

tions that propel evolution. Evolutionary arms races between 

parasites and their hosts are common.  

BP victims strive to identify their own eggs and weed out 

fakes. This can be difficult, as cuckoos typically produce eggs 

that look like the host they specialize in. This parasitic adap-

tation is furthered by the tricks that memory can play.  

A host female rejects eggs based upon an internal mental 

template of what her eggs should look like. BP birds take ad-

vantage of memory fallibility by repeatedly putting their eggs 
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into the same nests. As the proportion of foreign eggs in-

creases, a host female has a harder time discerning differ-

ences between what her eggs look like and those of imposters. 

Repeated parasitism interacts with egg mimicry to exploit 
cognitive and sensory limitations in host defences. ~ English 
zoologist Martin Stevens et al 

Hosts fight back against cuckoo eggs mimicry by evolving 

recognizable patterns on their own eggs, similar to how cur-

rencies have distinctive watermarks to deter counterfeiters. 

This is another evolutionary arms race between a cuckoo and 

its intended victims. 

Some host species evolve egg patterns that are repeated 

within a single clutch. Other species lay eggs with patterns 

that differ dramatically from female to female in a popula-

tion. Still other host species produce egg patterns with high 

visual complexity. Each stratagem increases the likelihood 

that a host will be able to identify and reject a foreign egg. 

Some species use 2 of these strategies, but none uses all 3. A 
signature like this would be too complex to be easily recog-
nised. ~ English zoologist Rebecca Kilner 

Australian blue wrens, a fairywren, are plagued by cuck-

oos that look like hawks, which prey on them. A cuckoo lays 

its eggs when a fairy wren mother flees her nest in fear. 

Despite being cowed for BP egg-laying, blue wrens have a 

trick to feed their young and not the brood parasite. A mother 

blue wren sings to her eggs a password that hatchlings use 

as a begging call.  

The closer the begging call is to the call mom sang during 

incubation, the more food a hatchling receives. The BP baby 

does not learn this password and so goes hungry.  
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 While eggs may have passing resemblance, many BP 

birds look little like their nest mates, or what their nest ma-

tes may have been. The obvious question is why a host 

mother expends her energy on a fraud. 

The Mafia hypothesis posits thuggery by BP birds. Brood 

parasite birds monitor their displacements. The nests of host 

birds that reject parasitic eggs are depredated, nestlings 

maimed and killed. Hosts are forced to relocate, giving the 

BP bird another chance.  

Statistically, a host is better off accepting parasitic eggs, 

as the probability remains of rearing at least some chicks of 

her own. It appears that adaptive pressure favors aggressive 

brood parasites and compliant hosts. 

Brood parasitism is not always an unmitigated tragedy 

for its host.  

The great spotted cuckoo is a nonevicting brood parasite, 

specializing in corvids, mainly magpies and carrion crows. 

These cuckoos greatly reduce magpie reproductive success.  

This does not happen with carrion crows, whose larger 

offspring are often raised alongside the parasite. Unlike mag-

pies, crow parents do not evict alien eggs, or mob parasitic 

adults in proximity of the nest. Such acquiescence means 

that 68% of carrion crow nests are parasitized. 

Cuckoo chicks put off predators with a noxious secretion 

that they release when harassed. This deterrence lessens 

predation of crow nests. Hence, while parasitized nests result 

in fewer crow offspring, reproductive success is enhanced. In 

this instance, brood parasitism may be a net benefit.  

Brood parasitism is not limited to birds. Cuckoo bees are 

brood parasites that lay their eggs in the nest cells of other 

bees. Likewise cuckoo wasps, as well as other wasp species in 

various families that have adopted parasitic brooding.  

Though life forms may possess a sense of fairness, it is 

not how Nature plays the game of life. Deception is a preva-

lent ploy to raise the entertainment value of the exhibition. 

 Education  

Another facet of parenting is teaching young to survive. 

Though many animals tutor offspring in various skills, the 
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most common imperative for training is in carnivores teach-

ing their young to hunt. Spotted hyena pups are weaned at a 

year, but it is months later before they are adept hunters. 

Cubs of cheetah, tigers, and polar bears are taught hunting 

skills for 2 years before fending for themselves. 

 Prolactin  

Prolactin is a hormonal protein best known for its role in 

promoting mammal lactation. Prolactin has a long evolution-

ary employment, having been conserved in genomes for up to 

800 million years. Prolactin helps fish, the oldest vertebrates, 

with water and salt balance. 

Prolactin is an important immune system regulator as 

well playing a vital role in the cell cycle. Prolactin affects mi-

gratory behavior in fish and birds.  

In fish, prolactin plays a role in attaining sexual maturity 

and in reproductive cycling. In mammals, prolactin provides 

sexual gratification: dampening dopamine, which causes sex-

ual arousal. 

After mammalian childbirth, previous inhibitions on pro-

lactin – by estrogen and progesterone during pregnancy – are 

released. Prolactin stimulates milk production. 

While prolactin plays a critical role in maternal care, it 

also stimulates paternal care in fish, amphibians, and birds. 

Male parental care in cichlids, the North American bluegill, 

and threespine stickleback, owes in part to pronounced pro-

lactin levels. 

In birds, prolactin levels rise during egg-laying, and peak 

during incubation. Levels decline when eggs hatch. Other 

stimuli – vocal and visual – prompt feeding hatchlings. 

Prolactin is an avian paternity hormone: increasing in 

male birds during incubation. Nonbreeding birds that assist 

at the nest are primed by high levels of prolactin. Scrub jays 

are exemplary. 

Chickens and several water birds are precocial, including 

ducks, geese, rails, and waders (shorebirds). Prolactin makes 

mom mind her ducklings, but for only a few weeks. As pro-

lactin level drops, a hen's bond with her brood lessens. By 

week 6, indifference is good behavior. A hen might even be 
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antagonistic toward her ducklings without the influence of 

prolactin. 

 Infanticide  

Dominant animals are worse off when subordinates in their 
group try to breed – explaining why they brutally suppress oth-
ers much of the time. ~ English zoologist Matthew Bell 

Infanticide – killing and often eating infants, either one's 

own or others nearby – is practiced by microscopic rotifers, 

insects, fish, amphibians, snakes, rodents, colonial birds and 

several birds of prey, lions, and primates, including humans. 

Ovicide is the analogous destruction of eggs. 

The root of infanticide is typically sexual conflict: a male 

taking a new partner after killing her offspring by another. 

As an effective evolutionary device, certain conditions must 

be met. It occurs in species where estrus is year-round; oth-

erwise infanticide does not necessarily free up a female for 

breeding. 

There's no sense for a male to kill the offspring in the previous 
year, because he has to wait anyway. ~ English ethologist Di-
eter Lukas 

Infanticide emerges in species with group living where fe-

males greatly outnumber males. This situation favors a male 

dominance hierarchy for mating rights. 

In species where infanticide appears, females gradually 

mate with more males. This evolutionary adaptation con-

fuses patrimony, and so lessens the incentive for baby killing. 

Whenever promiscuity is high enough, it does not pay for 

males to commit infanticide. ~ Carel van Schaik 

Conversely, infanticide also drives monogamy. This both 

makes patrimony clearer and provides for offspring protec-

tion by the male parent. Extra-pair coupling in females may 

still occur, but usually as a deceptive practice. Humans are 

exemplary. 

Langurs are a social Old World monkey living in India. 

Each group is sexually dominated by a single male. In a vio-

lent overthrow of the alpha male, infants of the vanquished 

are killed, though only for a short time after the takeover.  
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The same dynamic applies to a pride of lions when a new 

male takes over. The domineering newcomer will try to kill 

any cubs 9 months or younger. As in other species, females 

defend their cubs viciously. 

An intriguing exception to male infanticide occurs in Jap-

anese anemone fish. If a male parent looking after a clutch of 

eggs is killed or deposed by a new male, the newcomer as-

sumes paternal duties with as much vigor as his predecessor. 

Genetically this makes no sense. But the female will refuse 

the new male if he is not a decent foster-parent. Only when 

he starts caring for the young does she stop beating upon 

him. The male's short-term altruism is rewarded with his 

own clutch next go-round. Such a system can only work when 

females are atypically aggressive. 

Male mice have biorhythms of infanticide. After fertiliz-

ing a female, a male kills any pups it comes across for 3 

weeks. Then the prolactin kicks in as they become caring for 

their own offspring. This last for 2 months, whereupon they 

return to their infanticidal ways. By no coincidence, female 

gestation is 3 weeks, and it takes 2 months for pups to be 

weaned and on their way. Thus, this is well-timed infanticide 

via sexual conflict. 

Males can be infant killers even incidentally, or against 

their own genetic interests. Polar bear cubs must avoid adult 

males, even dad, who regard the little ones as prey. 

Male eared seals (otariids), which includes sea lions and 

fur seals, form mating harems, with territories on breeding 

beaches. A pup that strays may be killed by the next-door bull 

for crossing into his dominion. 

Another harem-polygynous species, the colonial black-

tailed prairie dog, practices infanticide as part of invasion by 

males, and as a marauding behavior by females. The point 

for females is to reduce competition with other females for 

food and future offspring. 

Such resource competition also occurs in meerkats. A fe-

male may kill the offspring of her mother, sister, or daughter. 

Infanticidal raids from neighboring groups also occurs. 

Mothers of many ground squirrels, and especially rats, 

may cannibalize young if extremely stressed. Other mothers 

may kill younglings when not so mentally rent.  
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In species where paternal care is the norm, females com-

pete with others by killing their offspring. Wattled jacanas, a 

tropical wading bird with a polyandrous mating system, 

practice this infanticide. Wattled jacana males exclusively 

brood while females defend territory. 

A similar dynamic happens in giant water bugs, where 

males take care of egg masses. Females that cannot find a 

mate often stab the eggs of a brooding male. This ovicide is 

rewarded by the female being fertilized by the male, who is 

in the mood when he has nothing to brood. 

Some nonbreeding colonial birds, such as gulls, kill and 

eat nestlings. Overcrowding and attendant resource compe-

tition is typically the inspiration. 

 Burying Beetles  

Burying beetles have complex parental care practices. 

Both parents provide diligent nurturing; though, as in birds 

and humans, females take the lead.  

Burying beetles find a carcass, usually a small bird or 

mouse; a prize worth fighting for. And they do.  

Mating pairs pair off as rivals: female against female, 

male against male. The larger contestants typically triumph. 

The winning pair gets the spoiled spoils, which is buried 

(hence the namesake) to remove it from further competition.  

The burying beetle couple then busy themselves building 

a nursery: dig a hole under the corpse into which the kill col-

lapses; curve the corpse into a circle; remove all the hair; coat 

the body with antibacterial and antifungal secretions from 

their saliva; eat enough of the corpse to create a cavity. The 

preparation process may take 8 hours. 

A couple of days later, the female lays her eggs into the 

cavity. A parent – usually the female – watches over the eggs. 

The eggs hatch into larvae, which feed upon the corpse.  

Although the larvae can feed themselves, both parents 

practice progressive provisioning: digesting flesh and regur-

gitating liquid food for the larvae to feed on. Parental secre-

tions may also benefit the youngsters.  
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Such hubbub helps grow the grubs. The adult beetles feed 

and protect the larvae for several days, until they are ready 

to move into the soil and pupate. 

A few larvae get greedy, pestering their parents for more 

than their share. These younglings are cannibalized for their 

temerity, engendering more honest communication about ap-

portioning food.  

Older male beetles make more diligent parents than 

younger ones, particularly when paternity is uncertain. More 

breeding opportunities lay ahead for beetles in their prime. 

An elder beetle may be tending his last brood, and so takes 

extra care.  

It certainly provides some incentive for females to want to 
mate with older males. ~ English evolutionary biologist Megen 
Head 

If the carcass is large enough, several beetle pairs will co-

operate to bury and breed a communal brood. Conversely, if 

pickings are slim, parents cull their young early on, to match 

the number of larvae to the size of the supply carcass, care-

fully estimating enough food to go around to pupation. Bury-

ing beetles are both caring parents and killer calculators. 

 

Acorn woodpecker females nest together or risk egg toss-

ing by rivals. Even early laid eggs in a nest are subject to 

ovicide. Eventually, the entire group lays on the same day, 

whereupon cooperation breaks out and the females collec-

tively incubate eggs.  

Likewise, colonial birds can be egg tossers as a strategy 

of clutch coordination. Ovicide occurs until all birds in a com-

mon nest are ready for brooding. Hence, early egg layers do 

not dominate reproduction.  

Many adult snakes consider smaller snakes a snack, even 

their own offspring from eggs laid weeks earlier. The canni-

balistic king cobra guards her eggs during incubation but 

leaves them just before they hatch, thus avoiding her own 

temptation. 

Sometimes infanticide is a disguised form of selective 

culling, as a brood fitness test. When young bass hatch from 
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a spawn, dad is on guard: circling and herding them together, 

providing protection from would-be predators. After a few 

days, most of the brood swim away. Paternal behavior flips 

like a switch. The stragglers are treated as any other small 

prey: eaten when in the way. 

Siblicide – younglings killing each other – is a lethal haz-

ard for herons, boobies, and several raptors. The youngest 

chick may succumb to the aggressive attentions of older nest 

mates.  

In parasitic wasps, the strongest larva kills its sibling ri-

vals; survival of the fittest grub. The only known instance of 

siblicide in mammals is the spotted hyena. 

 Parental Investment  

Parental investment is a life-history variable, varying 

based upon the biology of the species: precocial or altricial. 

The nature of parental care, maternal, paternal, or other-

wise, further factors in as adaptive to individual and group 

survival. In birds with altricial young, laying eggs and incu-

bating them is a meager investment compared to nestlings' 

demands after hatching. 

Conception begins the investment in mammals. Growing 

fetuses take energy. After birth, care commonly includes pro-

tection and may include keeping youngsters warm; but the 

major labor is typically feeding. 

 Milk  

Unlike other flies, female tsetse flies produce only 1 egg 

at a time, which it retains internally. The larva hatches in its 

mother's uterus. She nurses it with a milky liquid having the 

same enzyme important in mammal lactation.  

Mother's milk evolved with arthropods. Some jumping 

spiders lactate and feed their offspring milk. So too cock-

roaches and burying beetles. 

Certain fish and birds also lactate milk to feed young-

lings, as seen in great white sharks, male emperor penguins, 

and flamingos of both sexes. 

Monotremes – platypus and spiny anteater being extant 

examples – lay eggs, but then supply milk to hatchlings; 
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bridging the gap between reptiles and mammals in reproduc-

tion and maternal care. 

Marsupial and mammal mothers drain themselves by 

supplying milk. Marsupials have a sophisticated milk supply 

and delivery system. The composition and quantity of mar-

supial milk offered in lactation paces the stage of growth. Dif-

ferent teats in the same animal can deliver distinct milk. 

Mother's milk is customized to its offspring. Monkeys and 

ungulates make richer milk for sons, but more milk for 

daughters. A monkey mother delivers more calcium to her 

daughters, who need it for their faster-growing bones. 

Mammal milk varies by lifestyle. Offspring that stay close 

and suckle on demand do so from a dilute mother's milk. Un-

gulates and primates are exemplary. This is also true of the 

world's largest rodent: the capybara, with precocial offspring 

who can eat solids within a few days of birth but continue to 

suckle until 4 months old.  

In contrast, hooded seal pups suck 60%+ fat-content milk 

for only 4 days before weaning. After that, a pup must be on 

the up and up. 

 

Cunning is an essential survival skill that is passed on by 

predator and social animal parents. The smallest placental 

carnivore – the least weasel – is weaned at 5 weeks, but hunts 

with mom until 10 weeks old. Bringing down a rabbit that 

may be 10 times one's own weight takes some deft maneuver-

ing. 

Hyenas are the only practically precocial mammalian car-

nivore, but they are raised in dens like altricial babies. In 

several social species, such as pigs and crested porcupines, 

young are reared in a group. 

Parental care in all primates is protracted. Marmoset ju-

veniles are independent at 5 months, coincident with the tim-

ing of the next litter. 

Higher primates have childcare for years. Baby baboons 

and macaques are physically and emotional dependent upon 

mom for 2 years. An infant chimp is nursed and carried by 

mother 4 years, but still dependent for another 2. 
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 Bonding  

Maternal bonding is the norm in mammals. For an infant, 

separation can be agony. Contact with mom brings content-

ment, whether it is primate cuddling its child or a rodent car-

rying its youngling by the scruff of the neck.  

From humans to mice, mammalian infants become calm and 
relaxed when they are carried by their mother. This infant re-
sponse reduces the maternal burden of carrying and is benefi-
cial for both the mother and the infant. ~ Japanese social 
behaviorist Kumi Kuroda 

Baby mandrills are born with open eyes and a coat of hair. 

They cling tightly to their mother's belly as she walks or 

climbs. Infant primates hold onto mom for dear life as she 

makes her way through the trees or otherwise moves through 

the forest. 

A female mandrill stays with her mother into adulthood. 

A male leaves when it reaches sexual maturity.  

It is common that one gender of juvenile primate leaves a 

troop while the other stays upon reaching adulthood, depend-

ing on mating practice and social dominance hierarchy of the 

species. Regardless, a child is not forgotten by its mother. 

Maternal bonding is ubiquitous in social mammals, nota-

bly elephants, dolphins, primates. Gaining parenting skill is 

but one facet of what is commonly a richly rewarding emo-

tional experience. 

Parental bonds often continue throughout the lives of 

parent and offspring, at least in memory if not in everyday 

life. In practically all animals with extensive post-natal care, 

quality of parenting is passed to the next generation by 

example, for good or ill. 

 Weaning  

In all animals where postnatal care occurs, there comes a 

time when offspring dependency must end. In most bird and 

mammal species, this is a source of conflict as negotiation; a 

juvenile's first lesson presaging others to come, as social ex-

istence invariably involves many such negotiations.  
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In birds, a full-fledged nestling will beggar its parents 

with the usual tactics of piercing cry, gaping mouth, and 

shuddering wings before acknowledging being ignored and 

pecking a meal for itself. 

No mammal suckling volunteers itself off the teat. It must 

be weaned by motherly refusal. 

Evolution favors strategies that optimally trade off off-

spring survival and reproduction opportunities for fertile fe-

males. It is not so simple as maximizing reproduction 

opportunities. There is a point where the parental cost of con-

tinued care outweighs the benefit to offspring. 

 Sea Otter Moms  

Living in cold coastal waters with thick fur but no blub-

ber, a high metabolic rate keeps sea otters warm. Keeping 

warm requires that they eat about a quarter of their body 

weight in seafood every day.  

Rearing a pup doubles a mother's energy demand. A sea 

otter mom may be so depleted physiologically by the time her 

pup is weaned that she is unable to survive the stress of a 

minor wound or infection. Some sea otter mothers suffer the 

risk. Others abandon their pups when they feel they can give 

no more. 

 

In some gregarious mammals, terminating dependency is 

not simply an investment decision by the parents. Past the 

first step of weaning, younglings of numerous social species 

yearn for some degree of independence. 

 Menopause  

Menopause is reproductive senescence before natural 

death. The females of several species stop breeding for quite 

some time before they die, as do some males.  

Menopause is somewhat common among invertebrates, 

fish, birds, and mammals. Female guppies, platyfish, Japa-

nese quail, budgies, opossums, orca, pilot whales, some mon-

keys (tamarins, macaques, baboons), and primates (chimps, 
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humans) are known to experience menopause. Platyfish and 

Japanese quail males also exhibit midlife menopause. 

 Grandmother Hypothesis  

American evolutionary biologist George Williams posited 

the grandmother hypothesis for menopause in 1957. The idea 

was that an older female stops reproducing to assist in taking 

care of a succeeding generation, and so help ensure survival 

of her genetic lineage. 

The grandmother hypothesis fits some species to a lim-

ited degree. There is often some leavening from experience in 

rearing offspring.  

More broadly, menopause may enhance group survival 

where it is practiced. Fish populations that suffer high pre-

dation tend to mature, reproduce, and die earlier than those 

in less stressful environments. Those females that survive 

are fitter. There is a safety benefit in having experienced 

friendly fish about that may alert others of danger. 

Menopause highlights that procreation has a limited 

place in the life's panorama; that the experience of living is 

itself reason to be. 

 Emotions  

Lower animals are excited by the same emotions as ourselves. 
Animals manifestly enjoy excitement and suffer from ennui, and 
many exhibit curiosity. With the lower animals we see the same 
principle of pleasure derived from contact in association with 
love. ~ Charles Darwin (The idea that there are 'lower' and 
'higher' animals typifies the inanity of Darwin and his follow-
ers.) 

Emotion is a loaded word, colloquially confused between 

feeling, which is reception of stimuli that have an emotive 

edge, the processed mental state properly called emotion, and 

behavioral re/action. Emotion is intended herein as between 

the sandwich of sensation and behavior: an affective aspect 

of consciousness, letting slide for now that emotions often 

root below the level of conscious awareness, or are transposed 

by conscious thought. 
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Emotion is a psychophysiological phenomenon. Emotions 

are a subconscious product of the mind which stimulate the 

system. 

Many scientists appear to be uncomfortable about using the 
term emotion when referring to animals, for fear that they auto-
matically imply anthropomorphic assumptions of human-like 
subjective experience. ~ English zoologists Elizabeth Paul, 
Emma Harding, & Michael Mendl 

The concern over anthropomorphic projection is stupen-

dously silly, as humans are obviously animals, and it is 

equally obvious that other animals have emotions. There is 

no reason whatsoever to think that human emotions are any 

different than those of other animals. Consistency in behav-

ioral expressions of affection and annoyance, among other 

emotive states, indicates that animal emotions are selfsame, 

human or otherwise. 

So-called primal emotions are generally considered en-

tirely instinctual, arising early in animal evolution. In aiding 

self-preservation, fear is the most primal emotion. Rodents 

that catch a whiff of a predator immediately become fearful. 

This is typical of many animals. 

American physiologist Walter Cannon coined the term 

fight-or-flight response in 1914: reflexive reaction to a per-

ceived threat. The fight portion is behavior tied to the emo-

tion of anger. Flight is, of course, the aftermath of fear. 

Flight-or-fight is reflexive. Prolonged fear of predation 

wears, even on insects.  

Dragonfly larvae sense when fish which prey upon them 

are nearby. While the dragonfly eggs are normally placed in 

relative safety, poor placement, with life in constant danger, 

takes a toll. The stress induced by fear alone may kill them. 

In gregarious species, social interactions maintain group 
cohesion and the associated adaptive values of group living.  
~ French ecological zoologist Pierre Broly & Belgian ecological 
zoologist Jean-Louis Deneubourg 

Emotions often have a social context. Animals that live 

together not only rely upon each for survival; they often share 

emotional states. 
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 Pill Bugs  

Woodlice are a small isopod crustacean. Terres-

trial woodlice are detrivores, helping recycle vegeta-

tive nutrients back into the soil. Some – pill bugs – 

can roll up into a near-perfect sphere as a defense. 

Woodlice are gregarious: happily living together. Their 

emotional states affect one another. A sense of serenity can 

spread among woodlice, calming a whole community and pro-

moting social cohesion. The same effect has been seen in hu-

man groups that have a significant proportion of meditators 

within. It is not known whether pill bugs meditate but it is 

possible. 

 

In contrast to primal emotions, secondary emotions are 

not autonomic. Instead, they are the product of extended 

mentation.  

Regret is an exemplary secondary emotion. Numerous 

mammals are known to suffer regret. Regret acts as incentive 

to learning, to improve in similar situations in the future.  

The poles of emotion are between pleasure and pain: pos-

itive and negative, when viewed from the motivations of at-

traction (like) or repulsion (dislike). Fear, anger, and sadness 

simmer under the cloud of suffering, while infatuation, in its 

many nuanced varieties, invoke pleasurable emotions. 

The relative importance of different senses varies consid-

erably among animals, but their import is the same. 

Senses are not an end unto themselves. Instead, they 

serve as a mosaic of input to create mental maps of the im-

mediate environment. It is the adjunct to those mental maps, 

constructed with the aid of instinct and memory, that influ-

ence and create complex emotions. 

A diverse range of emotions serve essential biological 

functions. Hence, all animals must have them, irrespective of 

physiology. Emotions serve as behavioral fuel: cause for ac-

tion and reaction. Emotions of every quality are the spark to 

memory; hence, to learning.  

Beyond behavior, emotions are a register of the instant 

state of being, a seeming sine qua non measure of the quality 
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of existence. The performance of every animal behavior, 

down to the biological level of homeostasis, has an emotional 

component. Happy animals do well. Sad ones do not. 

Young animals, human or otherwise, show such similar be-
havior when they are well fed and secure: frisking, gamboling, 
pirouetting, bouncing somersaulting. They are full of joie de 
vivre – they are happy.  

I have watched chimpanzee children grieve after the death of 
their mothers: hunched posture, rocking, dull staring eyes, lack 
of interest in events around them. If human children can suffer 
from grief, so too can chimpanzee children. Sometimes, in this 
state of grieving, chimpanzee orphans die. ~ English primatol-
ogist Jane Goodall 

The coherence behind Nature favors sensory pleasures as 

rewards for successful behaviors, incentives to stay alive, and 

to engender reproduction. Evolution has rendered the neces-

sary as promising satisfaction. 

With the carrot comes the stick, which can be an even 

more powerful driver. Fear, and the prospect of pain, pro-

vokes animals to action like nothing else.  

Negative emotions are more commonly considered shared 

with other animals, as they are thought more primitive, 

while more life-affirming emotions are often thought some-

how special. This asymmetric assumption is unwarranted. 

Whatever differences there are between species in emo-

tional complexes and worldviews owe solely to evolutionary 

adaptation. As emotions serve as internal guides and checks 

for behavioral dynamics, a rich variety of emotions is both 

necessary and inevitable. 

Even the emotions that seem the most cognitively sophis-

ticated – such as empathy – are felt in a selfsame manner in 

all animals. Cooperative sociality requires a certain set of 

emotions to compel appropriate behaviors. For instance, love 

– the emotion the provokes kindness – is a common facet of 

social animal behavior, in peer bonding, mating, and paren-

tal care.  

From insects to primates, individuals have different dis-

positions and temperaments which indicate personality. Just 

as they have personalities, other life besides animals possess 

emotions.  
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Evolution naturally favors individuality, to engender a 

spectrum of behaviors that benefit population survival. As 

emotions motivate behaviors, their existence may be consid-

ered essential. 

Individuals in the disparate domains of life are known to 

react differently and exhibit distinct behaviors when faced 

with similar circumstances. There is every reason to think 

that behavioral diversity and the drivers behind it, including 

emotion, extend beyond the animal kingdom. 

 Emotional Chemistry  

All known biofilms live on land; early pioneers that pre-

dated plants and animals by hundreds of millions, if not bil-

lions, of years. The chemical releases that attract a 

congregation are compelling. 

Biologically, emotions are expressed as chemical stimula-

tions and states. Though emochemicals exhibit consistencies 

through evolutionary descent, and evolutionary benefits 

align, the meaning of specific compounds vary among species. 

 Dopamine  

Though birds have quite different brain systems than 

mammals, dopamine is the avian and mammalian brain sys-

tem biochemical for reward, as well as other emotions involv-

ing mood, motivation, and sociability. In contrast, dopamine 

in insects acts as a punishment signal: a stimulant for form-

ing aversive memories. 

The biochemical behind the reward system in insects and 

mollusks is octopamine, an arthropod homolog of norepineph-

rine, which in humans is a stress hormone. Dopamine and 

octopamine are opposing complements, working in opposite 

ways for insects than for birds and mammals. 

Octopamine works in humans with vision regulation, as 

is also does in fish. Octopamine is suspected to play other 

roles in other phyla. 

 

The browning of fresh fruit and vegetables when bruised 

is spurred by enzymes employing polyphenol oxidase (PPO). 
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A PPO substrate is dopamine. Oxidation of PPOs forms qui-

nones and the visible brown pigments known as melanins, 

which retard the growth of bacteria and fungi on damaged 

produce. (Not incidentally, fungi also produce PPOs.) 

Do vegetables and the seeds of fruits feel when they have 

been bruised? Their biochemistry suggests they do. 

 Comfort Behaviors  

Innumerable animal species indulge in self-comforting 

behaviors. These activities are all attendant to body care in 

some way, but also have emotional effect. 

Insects assiduously clean themselves. Birds preen. Mam-

mals have grooming routines. Practicing hygiene, either 

solely or socially, is comforting to all involved. 

Blackbirds sunbathe in the late summer Sun. Many other 

animals soak up the Sun for warmth and comfort. 

Gulls on the tideline often stretch a wing and a leg on the 

same side of the body while precariously balanced on the 

other leg. Stretching and yawning have health benefits as 

well as simply feeling good. 

All kinds of animals bathe, either in water, sand, or dust. 

Elephants take mud baths when they can and linger there 

after the health benefits have been achieved. Many mammals 

clean their paws long after the attendant paws will get no 

cleaner. 

Over 250 bird species ant their wings: dab ant or other 

insect juices on their wings or body. Ants secret formic acid, 

which can act as a bactericide, fungicide, insecticide, and mit-

icide. Some, such as antbirds and flickers, eat their victims 

after anting: a scrub and a snack in one. 

Birds ant themselves beyond hygienic need, finding the 

application comforting. Animals commonly luxuriate in 

cleaning, as we do in the bath or shower. 

Cattle continually swish their tails to keep flies on the 

move. But they often swish when no flies are bothering. 

Domestic dogs turn in a circle before lying down: an an-

cient behavior for flattening grass and checking the location 

but carried on as a comforting come-on to further relaxation. 
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 Joy  

For too long scientists have denied the existence of positive 
sensory experience in other species because we cannot know 
for certain what another being feels. In the absence of compel-
ling evidence to the contrary, it is more reasonable to assume 
that other creatures, who share so much in common with us 
through our shared evolutionary origins, do, in fact, experience 
pleasure. What we can observe in animals, combined with our 
capacity to empathize from our own experience, leaves little 
doubt that the animal kingdom is a rich repository of pleasure. 
~ English ethologist Jonathan Balcombe 

Social animals express a sense of happiness that is recog-

nizable to humans, and for the same reasons. Good food and 

companionship, especially family, can be sheer delight. Any-

one who has ever had a pet dog or cat knows about the moods 

of other animals and their emotional temperaments. 

Mountain goats and chamois dance with joy. One starts 

rearing, leaping, tossing its horns to and fro, whirling about 

mid-air. Others join in. Goats dance most often when food is 

plentiful, during the summer, but a dance in the snow with 

the Sun shining down is reason enough to jump for joy.  

Sentient animals have the capacity to experience pleasure 
and are motivated to seek it. You only have to watch how cows 
and lambs both seek and enjoy pleasure when they lie with their 
heads raised to the Sun on a perfect English summer's day. Just 
like humans. ~ English dramatist John Webster 

Beavers somersault over each other in the water with joy 

at the coming of spring. Elephants celebrate with ear flap-

ping and rumbling greetings. Dolphins chuckle. Dogs laugh. 

Rats respond to tickling and seek it out. Chimps show a va-

riety of faces, sounds, and gestures of joy, including hugging, 

holding hands, and kissing, from the pleasure of just being 

together, or of happy events, such as the birth of a child.  

Reunions are a special pleasure. African wild dogs some-

times greet each other with cacophonies of yips and squeals, 

vigorous tail-wagging, and bounding leaps. Coyotes and 

wolves show similar signs of joy at being reunited. 
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Their faces are less expressive, but birds, most notably 

corvids and parrots, have been observed gesturing in ways 

that indicate pleasure in another's company. 

Joy is essential to a healthy existence. People die of des-

pair, as do other animals. The feeling of happiness is not 

thoughtful, but primal. The prospect of its return is a base 

motivator to live, to endure. There is no reason to think that 

such a primal instinct should be absent in any animal, in-

cluding (especially) insects, many of which live lives of dili-

gent toil. 

There is nothing that could make any animal that cares 

for its young do so except emotional attachment. Parenting is 

not a reflex. It instead engages an emotional complex that 

motivates considerable self-sacrifice. Nothing could make 

such sacrifice repeatedly worthwhile except a sense of satis-

faction in its accomplishment. 

 Play  

Even insects play together, as has been described by that ex-
cellent observer, P. Huber, who saw ants chasing and pretend-
ing to bite each other, like so many puppies. ~ Charles Darwin 

Play presents a special problem for biologists. Play natu-

rally lacks gravitas, as not being perceived as an important 

factor in ontogeny or behavior; and so its study has been 

slighted.  

Play is also not an easy research project. Play has an in-

herent element of spontaneity. Setting up for play in any-

thing resembling a laboratory setting is only possible for 

animals that can relax in such an environ, as tension and 

play are antithetic. 

The alternative is untold hours in the wild on a most dif-

ficult study. Further, the observation of play is also highly 

interpretive, which highlights behaviorist reluctance to 

tackle topic areas deficient in objective metrics. 

There is irony in relative scientific neglect of studying an-

imals following Plato's directive: "life must be lived as play," 

particularly as playfulness is considered an epitome of hu-

man interaction at any age. Throughout their lives even hon-

eybee workers play.  
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Play has been considered a legacy behavior: a vestige of 

evolution, a venting of primitive instincts. Evidence indicates 

that play evolved early on. That play is ubiquitous among an-

imals indicates that it is meaningful in of itself to its partici-

pants, as well as serving a purpose. 

Play is the beginning of knowledge. ~ American ethnog-

rapher George Dorsey 

The nature of play reflects evolutionary impulses. Devel-

opmentally, play hones the mind and body.  

Play can be essential practice for later acts that bear no 

resemblance to play. Practice makes perfect, and play is often 

practice, however unintentionally so in the moment. 

In the course of playing earlier in their lives, individuals dis-
cover properties of their environment that may prove crucial 
when they are later faced with a new challenge. ~ English bi-
ologist Patrick Bateson & American biologist Paul Martin 

At its core and wellspring, play is an expression of the 

sheer joy of being alive. 

Tradition categorizes play into 3 different contextual 

slots: locomotor, object, and social. Such categorization may 

seem helpful from a research standpoint, but is of limited 

use, as much animal play spontaneously slides among the 

slots. 

Locomotor play involves solitary maneuvers of seeming 

non-functional import: the fun of fooling around by oneself. 

Locomotor play often appears to an observer as strange be-

havior, highlighting the perception of play is as much a point 

of view as anything. 

Bears are playful through their lives. They like to slide on 

snow banks like otters. 

A grizzly bear was spotted floating on a mountain lake on 

a hot summer day. It ducked its muzzle under water to blow 

bubbles, and then reached out and popped them with its long 

claws. 

The gold-leaf onion domes of the Kremlin were once inci-

dentally vandalized by crows, who found the domes enormous 

fun to slide down, using their claws for maneuvering. They 

were eventually driven off by recorded crow distress calls and 

regular patrols of trained falcons. 
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Object play is invariably contemplated as covary to tool 

use: an exploration of utility. Whether object play promotes 

manipulative tool-use skill, or is the outcome of skill acquisi-

tion, is somewhat irrelevant to the central observation that 

object play is indicative of intelligent curiosity. 

Play is inherent in the lives of most animals and is par-

ticularly notable in birds and mammals. Insects, fish, octo-

puses, lizards, and turtles are also known to play.  

Crocodiles are very playful: having fun with debris in the 

water, sliding down slopes, surfing waves. A male was seen 

giving a piggyback ride to his lifelong female partner. 

Crocodiles also play with other species. A juvenile alliga-

tor was spotted playing with a river otter. A man who rescued 

a crocodile that had been shot in the head gained a close 

friend for 20 years, until the crocodile died.  

The croc would swim with his human friend, try to startle him 
by suddenly pretending to attack him or by sneaking up on him 
from behind, and accept being caressed, hugged, rotated in the 
water, and kissed on the snout. ~ Russian zoologist Vladimir 
Dinets 

Mammals typically play 1 to 10% of the time. Dolphins of 

any age are at the high end of the play scale, far above human 

adults. 

 An Imprisoned Turtle  

Play is an integral part of life and may make a life worth liv-
ing. ~ Gordon Burghardt 

Pigface was a male Nile soft-shelled turtle, imprisoned at 

the National Zoo in Washington, DC for over 40 years. The 

Nile turtle is large: up to 95 cm, 90 kg; an aquatic native to 

much of Africa, except the southern and northwestern water-

ways; hence the name (Nile). 

In the 1980s, zookeepers observed Pigface mutilating 

himself: raking the flesh of his neck with his foreclaws and 

biting his forelimbs. The wounds would become infected.  

Such stereotypical, self-injurious behavior is long known 

in bird and mammal zoo captives, including feather plucking 
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and hair pulling. The boredom and alienation of incarcera-

tion is fearsome. Animals do what they can to hasten leaving 

their miserable prison. 

Keepers started adding toys to Pigface's tank: floating 

hoops, a basketball, sticks, spritzing hoses. Pigface would in-

spect them before nosing, biting, grasping, chewing, shaking 

(with his mouth), pushing, pulling, and holding (with his 

forearms). Not much to do with a bobbing basketball, which 

only got bit, nosed, and pushed.  

The hoops were a favorite. Pigface would dart through a 

hoop like a trained seal, among other maneuvers: everything 

a turtle could imaginatively do with a hoop in the water. 

The hose was a reminder to Pigface of his native habitat. 

Pigface's enclosure had no running water, unlike the cur-

rents running in the rivers back in Africa.  

When Pigface's tank was being refilled from a hose at the 

bottom of the tank, Pigface would orient the nozzle so that 

the water flowed over his head. Pigface tweaked the hose un-

til its flow was just right, then he would luxuriate, motion-

less.  

This was a striking contrast to his typical bustle. When 

the water was turned off, Pigface became restless and moved 

away. 

Pigface hardly hurt himself when toys were available: 

spending most of his active time playing. 

 

Due to its contagious nature, social play often involves more 
than 2 animals. ~ Italian primatologist Elisabetta Palagi 

Bathing is exemplary bird play. Many birds play in the 

water, especially fledglings. Adults are often much quicker to 

bathe and then preen themselves clean. Birds in colder 

climes will often bathe/play in the snow. 

Befitting their brain wattage, corvids have the most com-

plex and varied forms of play observed to date in birds. Ra-

vens and crows are notorious for their mischievousness: 

practical jokers via cerebral play.  

Corvid play runs the gamut beyond mind games: splashy 

baths; vocal monologues and dialogues; wing flapping (popu-

lar with young ones still in the nest); aeronautic acrobatics; 
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hanging around upside down, or a dangle at an angle; sliding 

down inclines; fooling around with twigs and nuts and such, 

both as solitaire and social fun, including playing catch; and 

other, more elaborate physical games, such as playing "king 

of the mountain" on a carcass. 

Play fighting is common in many animals, but is notably 

lacking in ravens, which may be emblematic of corvids. 

Young ravens display aggressive interactions in various 

forms (vocalizations, feints, lunging, talon grappling) at dif-

ferent levels of intensity, but with no indication that the be-

havior is playful. Corvids possess a degree of gamesmanship 

in social play with a cerebral edge. Play fighting may simply 

be too lowbrow to an animal as cunning as a corvid.  

By contrast, young felids and canids signal intent to play 

prior to rough-and-tumble that may otherwise be more seri-

ously construed, and which can lead to friction in those spe-

cies that do play-fight.  

Behaviors that look like play may be showing off, and sig-

nal social status. Fitness and social status are central consid-

erations of courtship and pairing for every social species 

where enduring bonding is a norm.  

Many corvid species mate for life, though extracurricular 

copulations are not uncommon. There is therefore mate-

choice competition in a corvid community. Corvid play at 

least sometimes serves as a mating display.  

 

Non-avian reptiles are highly precocial; a necessity when 

parental care is lacking or is only for protection. Little rep-

tiles look and act like miniature adults.  

Play is largely an unaffordable luxury when tiny and on 

one's own right out of the egg. Survival is enhanced by silence 

and staying inconspicuous. Further, many reptile species are 

metabolically constrained: limited aerobic capacity, and rela-

tively long recovery after anaerobic exertion. 

By comparison, mammals are generally altricial. Play has 

been observed in nearly every mammal species carefully ob-

served, though the time spent in play varies considerably by 

species. Ungulates, carnivores, and primates are particularly 

conspicuous in displays of play.  
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Play is adaptive to lifestyle. Rams butt each other in play. 

Young European red deer indulge in a variety of games, in-

cluding racing, tag, and playful tussles. Primates play chase 

and tussle. Young carnivores mock stalk, leap, and practice 

their predatory behaviors: play foretelling a serious future. 

Animal play typically begins early in life, often as an as-

pect of socialization. In healthy creatures, though play time 

diminishes with maturity, its appreciation, and occasional 

participation, is never extinguished. Older animals join their 

offspring in play. Parental instruction naturally takes the 

form of play.  

Still, it is the young ones that love to play, and have the 

excess energy to burn. Canine puppies play with one another 

more than twice as often as adult dogs, and 11 times that of 

old dogs.  

Something resembling play during courtship, and mat-

ing, is common in numerous animals, including humans, who 

value sense of humor, which is a form of play. 

Play is ubiquitous. Every social animal has a natural in-

clination to play.  

Cohabitating species of no mutual threat have the pro-

spect of play as a universal language. Even species with po-

tential conflicts of interest sometimes find common ground 

and emotional satisfaction in play. 

At Churchill Manitoba, hungry polar bears at the end of their 
winter fast have been seen to approach husky dogs. On one oc-
casion, instead of attacking and eating the dogs, a dog and a 
bear were seen to exchange gestures of mutual acceptance and 
they play together in the snow. At one stage the bear covered 
the dog with its massive body; later the dog and bear embraced 
each other. When the bear lay in the snow to cool off from the 
exertion, the dog stayed attentively close. ~ Brian Ford 

 

We don't stop playing because we grow old, we grow old 
because we stop playing. ~ George Bernard Shaw 
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 Violence  

Animal life is often violent, starting with getting enough 

to eat. There are exceptions. Nectar and fruit eaters live off 

the bounty of plants without harming their food source. Their 

consumption benefits plants by facilitating reproduction and 

seed dispersal. Herbivores, while damaging plants, tend not 

to chew their meal ticket out of existence. 

For meat eaters, sustenance necessitates killing. Success 

may spark celebration. Many predators toy with their vic-

tims. Orca are well known for flipping their next meal about 

before killing it. Cats with a full belly torment mice with no 

intention of eating them. Foxes sometimes fiddle with their 

food before eating it. To a natural predator, violence is a form 

of play. 

Surplus killing is common among predatory species. A fox 

might kill a flock of geese before making off with 1. Hyenas 

attack a herd of gazelles at night and kill dozens; far more 

than the pack can eat. 

Predators who kill beyond need sometimes store food to 

eat later. Foxes and weasels cache part of their catch. But 

surplus killing is often gratuitous. 

 Gender  

In many animals, from spider mites to men, males are 

more aggressive than females. These behaviors are regulated 

by pheromones.  

Much of male aggression owes to mating and attendant 

territoriality, as males compete for females. Male chimpan-

zees and men raid and kill members of other groups for ter-

ritory and for fertile females. 

Community living itself can be a source of male aggres-

sion in species with dominance hierarchies. Violence can 

sweep a broad swath, including against prospective sex part-

ners, offspring, and to maintain cooperative behavior by in-

timidation. 

For females in communities with mixed-sex social groups, 

those that form strong social bonds live longer and have 
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higher offspring survival rates. When gregariousness mat-

ters, a fit mother is an adroit socializer. 

In mammals where mothers are primary caregivers, fe-

males tend to compete with each other, sometimes more than 

males. This is especially true in cooperative breeding, where 

a single female monopolizes reproduction. Where males con-

tribute to offspring, or in precocial species, competition plays 

less of a role in female existence.  

Female aggression tends to be more limited than in 

males. Females risk reproductive success from physical disa-

bility. For males, dominance may be the only route to procre-

ation, whatever the cost. 

Besides the so-called 'civilized' primates called people, 

several animal species wage war. The most disciplined large-

scale warriors are ants. 

 Ants  

Ants vary considerably in their proclivity for violence. De-

pending upon species and colony size, ants adopt different 

strategies for attack or defense, ranging from duals to full-

scale battles, even suicide attacks.  

Fire ants often coexist in territories with numerous other 

ant species. When a competitor approaches, war is inevitable.  

In temperate climates, especially as spring unfurls, when 

the brood are developing and insect prey are rare, warlike 

impulse arises. It may take less than an hour for 2 colonies 

to be on a war footing. 

Battle preparation is judicious. Only up to 1/5th of a col-

ony is recruited for war, in case a 3rd party attempts an in-

cursion. 

Soldiers join battle as aggressive accountants. An individ-

ual worker recognizes the smell of her cohorts.  

As she carries on the fight, a soldier can get a sense of 

relative numbers. If outnumbered, communication between 

battling sisters lets them retreat en masse. 

Battles usually last no more than a few hours. It is futile 

for a losing side to fight on. Winners have no interest in ac-

quiring more territory than they can readily defend and ex-

ploit. 
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Some ant species have a special, morphologically distinct 

military caste. Mediterranean colonies of Pheidole pallidula 

have soldiers with larger bodies and heads than other work-

ers. The larger head accommodates more powerful mandible 

muscles. 

Battle engagements require troops. A colony that be-

comes aware of a neighboring nest can prepare for war by 

breeding a battalion. 

Nursemaids can vary larvae feeding to foster additional 

soldiers. This comes at the expense of rearing workers of 

other castes. An ant colony is careful not to overexpend its 

military budget at the cost of homeland prosperity. 

Formica polyctena, a northern European red wood ant, 

adopts a more ferocious approach at times. A nest may turn 

viciously nasty in early spring if food runs short: mounting 

implacable expeditions against rivals of their own species, as 

well as other ants, wiping out all in their way to total domin-

ion of the local habitat. 

Some ants have stings: used to protect against predation, 

defend territory, and capture prey. A Ponerine ant species in 

Southeast Asia uses its stinger venom differently depending 

upon the size of its adversary. Against a large arthropod en-

emy, a Ponerine stings to kill. If instead attacked by small 

Pheidole ants, a Ponerine spins filaments of venom to cover 

the attackers. The Pheidole – bogged down and covered in 

froth – instantly lose their aggressiveness. 

 Slave Rebellion  

Several social ants practice slavery of other colonial ant 

species. The woodland American slave-maker ant lives off its 

slaves, which are a different ant. The slavers do not forage 

for food, care for their brood, nor do they defend their nests. 

Instead, their slaves do the work. A small slaver colony has 

a solitary queen, 2 to 5 workers, and 30 to 60 slaves. 

Slave-maker ants are bold raiders: preferring to attack 

larger colonies, though timing their attacks when the target 

nest has most of its workers in the field. Invading the nest, 

workers within are killed. The slavers steal larvae. 
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Enslaved worker ants care for the broods of both the 

slave-maker and the next generation of slaves; but only up to 

a point. Once larvae pupate, enslaved ants can tell by scent 

the emergent slaves from the slavers. A substantial number 

of slavemakers are killed by slave workers. 

Slaver pupae are neglected, or actively attacked and torn 

apart. Several slaves may gang up on a defenseless pupa. En-

slaved workers do not directly benefit, as they do not repro-

duce; but their sisters in the host nest are helped.  

Slave-making colonies damaged by slave rebellions grow 

more slowly. Smaller slave-maker colonies are less auda-

cious: conducting few raids with less destructive effect. 

There are geographic differences in the strategy of those 

subject to enslavement. Potential slave ants in New York are 

especially aggressive, often able to thwart raids. In West Vir-

ginia, rebellion is more common, as neighboring colonies are 

often closely related to the slaves. 

 Suicide Ants  

Ants willingly sacrifice themselves for their colony. At the 

extreme, the carpenter ant (Camponotus saundersi), endemic 

to the forests of Malaysia and Brunei, is a built-in bomb. This 

carpenter ant has 2 enormously enlarged mandibular glands 

that run the length of its body. These glands produce a pecu-

liar defensive substance. 

If losing in combat, a worker violently contracts its ab-

dominal muscles, rupturing its gaster (rear segment) at the 

intersegmental fold. This also bursts its mandibular glands. 

A sticky secretion spews in all directions from the front of 

the ant's head. This corrosive glue and chemical irritant en-

tangles and immobilizes all those nearby. 

 Honeypots  

Some ants avoid fatalities when faced with an adversary 

of the same species. In a conflict over foraging territory, 

honeypot ants engage in ritualistic tournaments. A single ant 

can trigger a tournament, which can grow to several hundred 

being involved, as scouts recruit participants. 
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Workers scurry about, swelling their abdomens and 

stretching their legs, trying to look larger than they are. They 

further the illusion by seeking higher ground, such as stand-

ing on pebbles. 

When 2 adversaries confront one another, they jostle for 

a few seconds, until one gives up. The two continue to the 

next contest, until one side prevails by numerical tally. Re-

cruiters keep count. 

The losing side quickly senses if a contest is too uneven. 

They retreat to their nest, close off the entrance, and hide out 

until the rivals have left. If they are not fast enough, the 

larger group will raid the smaller colony's nest: stealing 

stored food, abducting larvae, and killing queens. 

As a matter of practice, honeypots are highwaymen: 

stealing food from other ants. Pogonomyrmex, a harvester 

ant, collects seeds and an occasional termite. If caught by a 

honeypot, the harvester is robbed of its abducted termite. 

Pogonomyrmex is not defenseless. Its venom is quite 

toxic: many times that of the honeybee, comparable to a cobra 

snake. But Pogonomyrmex reserve their sting for predators, 

notably horned lizards. Losing a stolen termite is not worth 

incurring the wrath of honeypots. 

Honeypot ants are themselves victimized by minute Fore-

lius pruinosus ants. These tiny terrorists use toxic secretions 

to intimidate and seize honeypot reserves. 

F. pruniosus sometimes employs a more ambitious strat-

agem: they gather in hordes at honeypot nest holes, using 

their chemical weapons to force the bigger ants underground. 

With the honeypots cleared from their hunting territory, 

Forelius can harvest a larger share of available food.  

 

 Looting  

Looting is an unexceptional ant behavior. For one, the en-

demic British thief ant is a large-scale looter. Workers dig a 

network of tunnels joining their nest to a neighbor to be in-

vaded. Upon penetrating their victim's colony, thief ants fend 

off defenders with chemical repellants. The thieves snatch 

brood grubs and carry them back to their nest for food stock. 
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A cunning precaution that thief ants take is to make their 

escape passages too narrow for dispossessed victims to pur-

sue them. Thus, the thieves make off with their booty without 

fear of reprisal. 

 

Within a species, different colonies of ants have different 

levels of aggressiveness. A colony has its own individual char-

acter, reflective of the queen(s).  

There are also distinct personalities within an ant colony. 

Some individuals are naturally more aggressive than others.  

Ants in a colony typically swarm to attack an intruder. It 

is a select group that call themselves to combat, even among 

ants that don't have specialized castes.  

Aggression reflects colony division of labor. Variability in 

behavior patterns is an important element in a colony's suc-

cess.  

While aggression is common among ants, some species 

never attack. Their posture is always defensive. 

 

Hyenas, mongooses, and chimpanzees wage group war-

fare upon each other, ostensibly for territory, though the vio-

lence that individuals inflict often far exceeds necessity to 

that purpose. Defeated victims are often killed or maimed ra-

ther than allowed to escape without serious injury. Herbivo-

rous mammals are not known for such cruelty. 

In an instance of evolutionary irony, gratuitous violence 

is especially common among certain gregarious mammals. 

Chimpanzees and humans are notable for their violent 

tendencies, including ganging up on helpless victims. Their 

proclivity to violence is as much a cultural characteristic as 

biological. Pygmy chimpanzees – bonobos – are close relatives 

who do not readily engage in violence. 

Sexual violence among species is not bound by territorial 

desire, as it is driven by an altogether different reward sys-

tem. Forcible rape has been observed in birds, seals, dol-

phins, coatimundis, bighorn sheep, wild horses, and 

orangutans, as well as being unexceptional among men. 
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Cruelty is often conspecific: violence against social com-

petitors. Scapegoating – singling out a victim for group ag-

gression – has been seen in various social mammals, 

especially captive animals.  

In the wild, an ostracized animal may leave a group; but 

not always. A wolf might not only be ousted from its pack, but 

also viciously attacked by other wolves. 

Jealousy has been observed among various social ani-

mals, including parrots and orcas. Wild female chimpanzees 

are known to furtively leave their group to copulate with low-

ranking males, to avoid jealous violence from males with 

higher social status. 

 Personality  

We should take care not to make the intellect our god; it has, 
of course, powerful muscles, but no personality. ~ German 
physicist Albert Einstein 

Animals possess individual personalities, as do plants. 

Though it is hard to tell, microbes do as well. Personality is a 

basic facet of life, along with consciousness, mind, and body. 

In promoting diversity and unpredictability, personality 

is a basic evolutionary stratagem. Variations in personality 

persist in populations because it improves survival odds un-

der a range of conditions as well as making life more inter-

esting. 

Sharks were long thought to lead solitary lives, albeit oc-

casionally coming together for feeding or breeding. Instead, 

sharks are social; or at least some are – it depends upon per-

sonality. Some sharks gregariously enjoy the company of oth-

ers and share strong social connections. Others prefer 

solitude and to remain inconspicuous. 

Flocks of birds navigate well in close quarters partly be-

cause of personality. Individuals may be biased to wing their 

way to the left or right. Having found their desired positions, 

personal inclinations let a flock fly past an obstacle quickly 

by splitting up without crowding or slowing down. 

Shy brown trout do better in the wild than bolder ones, 

but not nearly as well in aquariums as more assertive trout, 
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who grab most of the food. Trout learn and change behaviors 

to fit circumstance, but their underlying personality remains.  

While personality has a biological basis, its development 

and maintenance depend upon long-term memory. 

Personality most clearly shows in willingness to take 

risks. The best bee foragers are those with a sense of adven-

ture.  

Fish can learn to follow, but struggle to learn to lead. ~ Jap-
anese biologist Shinnosuke Nakayama 

Easy leadership of a fish school is innate. Leaders are 

born bold. 

When swimming together, conformity is essential to effi-

cient formation. Fish subdue their personalities when in a 

shoal or school. 

The behaviour of the fish seems to be 'plastic' to the social 
situation. They show personality but are happy to suppress this 
if there are others around. ~ English zoologist Christos Ioannou 

In protecting their nests against intruders, the most ag-

gressive fish are the small ones, who psychologically compen-

sate for their size. This is commonly referred to as the 

Napoléon complex, after the chronic aggressiveness dis-

played by French military and political leader Napoléon Bo-

naparte, a man of oversized ambition.* 

Relative boldness and assertiveness are personality traits 

in all animals. These attributes vary for an individual at dif-

ferent times. Any animal can have an especially grouchy or 

contented day. 

Some birds are inclined to exaggerate their aggressive-

ness whereas others underplay it. What might be considered 

an honest signal may be a bluff. Depending upon personality, 

certain song sparrows may threaten attack but not follow 

through.  

Other birds may have the confidence to keep relatively 

quiet but successfully stand their ground if attacked. Such 

 
* Some short men are known to compensate for the social disad-

vantage of low height with aggressiveness. Bonaparte's chronic 

aggressiveness was attributed by his enemies to his being short. 

But Bonaparte was average height for his time (1.57 m).  
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under-signaling is hard to explain by itself. It may serve well 

in saving energy, and in earning a reputation as one tough 

bird who keeps his beak to himself. 

Proactivity can be counterproductive. Red squirrel moth-

ers that are more passive do better rearing pups when food is 

scarce than proactive ones, who waste energy when it cannot 

be afforded. When food is more plentiful, a go-getter mom has 

a healthier litter.  

Sometimes living large has little to do with risk and more 

with robustness. Male crickets with a higher metabolism call 

to attract mates more often than those with less get up and 

go. Animals that keep themselves in shape lead healthier 

lives. 

Fear is the major source of stress for animals. Fish with 

less fear are more aware and fare better. The same applies to 

other animals. 

Timid birds are more stressed and less healthy those with 

courage and curiosity. Nestlings that feel stressed are less 

assertive about demanding food from their parents. It affects 

their long-term health. 

 Dunnocks at the Botanical Garden  

Animals choose the habitat that best fits their personality. Per-
sonality plays a role in shaping population structure. ~ German 
zoologist Benedikt Holtmann 

People choose to live in certain places based upon person-

ality. Birds too. 

Dunnocks (aka hedge sparrows) are a small perching bird 

found in temperate Eurasia. Dunnocks were introduced into 

New Zealand in the 19th century, and now happily reside 

throughout. 

Benedikt Holtmann and colleagues researched the dun-

nocks residing at Botanic Garden in Dunedin, New Zealand. 

The Garden is open to the public, but certain areas are more 

frequently visited by people than others. Hedge sparrows 

have small territories, so a measure of human disturbance in 

a territory may be made with some precision. 

99 dunnocks were surveyed. Threat tolerance was esti-

mated by walking toward a bird and measuring how close one 
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could get before the hedge sparrow flew away. This proximity 

tolerance proved consistent over several seasons, except that 

birds got a bit bolder with age: knowing more about the world 

and adjusting perceived margins of safety accordingly. Such 

worldly wisdom was minor compared with the intrinsic dif-

ferences in boldness or timidity that individual dunnocks 

had. Whereas shy hedge sparrows wanted territories unin-

fringed by human presence, braver birds contentedly settled 

in spots where hairless apes might occasionally appear. 

 

Personality is attenuated by experience. Animals learn 

and alter their behavioral responses. 

Each mouse lemur has its own personality. Males tend to 

be shy when young, becoming more audacious as they grow 

up. Bold males have more mating success. 

Appetite for risk can be part of diet. Blue tits like to feed 

their chicks spiders. Spiders are rich in taurine, an amino 

acid found in mammal breast milk, known to help premature 

babies develop. Tit chicks fed spiders were bolder and better 

learners than those not on an abundant arachnid diet. 

In predator-prey interactions, the personalities of the in-

dividuals involved weigh heavily in the outcome. A persistent 

predator spells bad luck for those hunted. A bold prey facing 

a hesitant predator stands a better chance of surviving than 

the reverse situation.  

Personality affects mating prospects. In species where a 

female selects her mate, favor goes to males with pronounced 

personalities. A bold young bighorn sheep ram can seduce an 

ewe away from an older dominant male.  

Flycatcher males that take a more exposed stage and sing 

like they mean it have a better chance of taking a mate than 

birds more safely perched. Adventurous zebra finch females 

prefer a dashing male regardless of his other assets.  

Zebra finch couples with similar personalities make bet-

ter parents, as the inevitable conflicts in couples with oppo-

site personalities affects the prospects for their offspring. 

Especially in species with shared parenting, females are re-

ceptive to predictable males.  
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Well-matched mates can make a considerable difference 

in parenting quality. Blue tit males that don't find their part-

ner attractive are likely to be less attentive providers. But 

then, drab blue tit females are not particularly good mothers; 

an illustration of how looks and personality may go together. 

The matching of personalities is a factor in the mating of 

many species, including vinegar flies, guppies, and side-

blotched lizards. Bold is not always best. 

An overly aggressive male water strider may spoil the 

mating prospects for his fellows. Female water striders avoid 

groups of males when even 1 in the group is hyperaggressive. 

The personality of a small number of individuals in a 

group can have considerable effect on the whole group's for-

tunes. A barnacle goose, shy or bold, fares better foraging in 

the company of a goose with gumption. 

Personality can permit greater exploitation of available 

resources. When stickleback fish are feeding in densely pop-

ulated waters, they tend to specialize on specific food sources 

depending upon personality, particularly willingness to con-

tend with others. Some go for critters in the rocks, while oth-

ers are pacified feeding on plankton. 

All but a few of the 90,000+ species of spiders are peevish 

loners, each making its own way with silk and cunning. 25 

spider species are social: pooling their powers to exploit re-

sources that elude sole practitioners. 

Stegodyphus mimosarum is a small social spider that 

lives in colonies of 20–300 individuals, weaving huge commu-

nal webs over the bushes and trees of the Kalahari in south-

ern Africa. Spider communities gain their strength through 

division of labor determined by personality. Industrious 

members specialize in web repair and caring for the young, 

while the brazen ones relish capturing prey and defending 

the colony. Spider personalities develop gradually via social 

interactions. 

The longer the spiders were with the same individuals, the 
stronger their personalities became, and the more different they 
became from each other. ~ American ethologist Jonathan Pruitt 
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 Comb-Foot Spiders  

They're great thieves. ~ Johnathan Pruitt 

Shy and sly can go well together. Female comb-footed spi-

ders may live alone or share web weaving and hunting duties 

with roommates. A colony of these tiny spiders may number 

up to a dozen. 

As a keystone species, a colonial comb-footed web can at-

tract other spider species to weave their webs nearby, form-

ing a web network. In these multispecies webs, the 

personalities of even 1 individual in the comb-foot group can 

make a difference. 

An aggressive comb-foot may be so bold as to pick a fight 

with another spider 20 times her size. A brawl may ensue, 

with her roommates are drawn into the conflict. Such scrappy 

females don't fare well: producing fewer offspring and facing 

the prospect of dwindling away. 

More sociable spiders share space contentedly and 

stealthily, if at least 1 of the comb-foots in the group is shifty 

enough to steal food from the neighbors. Such illicit windfalls 

allow the comb-foots to thrive and reproduce abundantly. The 

downside to being docile is that the spiders may not be as 

adept at defense if attacked. 

 

Animal personality can play a powerful organizational role in 
a social system. ~ Jonathan Pruitt 

Anelosimus studiosus is a comb-foot spider that can be ei-

ther asocial or gregarious. A. studiosus increasingly become 

colonial in habitats with harsher winters, where cooperation 

pays especial dividends. 

A. studiosus spiders have distinct personalities: some are 

assertive, others more docile. They naturally take to doing 

tasks befitting their character. Assertive females tend to-

ward capturing prey, building webs, and defending the col-

ony, whereas meeker spiders mother: caring for offspring in 

the colony crèche. Food is shared among all. 

Docile spiders are much better parents than aggressive spi-
ders. ~ American ethologist Colin Wright 
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Colonial A. studiosus tend to be more closely related than 

their solitary sisters, as well as being typically less aggres-

sive, and thereby more sociable. 

 

Social animals fare better in groups with a mixture of per-

sonalities. Ant colonies are more successful when workers 

have considerable variation in their aggressive tendencies.  

Fish with loner tendencies school but never build to large 

populations, as they keep moving on to avoid the crowd. A 

mixed school of social and asocial fish have the most success 

in population growth. 

 Sociality  

Animal communities are not mere assemblages of species liv-
ing together but form closely-knit communities or societies com-
parable to our own. ~ English zoologist Charles Elton 

Conspecifics commonly congregate to be safer and live 

more productive lives. Microbes group to create biofilms – an 

elaborate communal form that offers a better life. Plants too 

can be gregarious, both with microbial mutualists and with 

each other. 

Insects swarm. Birds flock. Mammals travel in herds and 

hunt in packs.  

Each species has a typical group size at which it functions 
most efficiently. ~ English zoologist Desmond Morris 

Sociality is a life-history variable, not an emblem of evo-

lutionary advance. Living is mentally demanding, period. 

There is no shortage of problem-solving irrespective of life-

style. 

That said, social relations do tax the mind. In presocial 

animals, trade-off decisions must be made between self-inter-

est and shared interest. Relationship history matters. 

With no prospect of social climbing, eusocial animals may 

seem to have an easier time. But eusocial creatures typically 

have prodigious memory capacities, as there are many 

friends and otherwise much to remember. A life of colonial 

cooperation yields a rich social life. 
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Sociality is not just a set of behavior patterns. It is instead 

an integral part of an organism's biology, woven into the fab-

ric of being. Environment and life experience shape intelli-

gence physiology as much as they impress upon the mind.  

Prolonged isolation for individuals of any social species 

has profound biological diminishment as well as psychologi-

cal impairment. Genetic quality deteriorates. Aging acceler-

ates. In short, sociality is hardwired as an evolutionary 

adaptation. 

Social ties promote survival. ~ English zoologist Lauren 
Brent 

 Sociality and Biochemistry  

Biochemistry and sociality coincide. Zebra finches are 

known for being gregarious and loyal: happily congregating 

in groups and forming monogamous mating bonds. The level 

of the mesotocin in a zebra finch's system makes a difference. 

Finches lacking mesotocin are not socially inclined. 

Mesotocin is the avian hormone equivalent of oxytocin in 

humans. Isotocin is the fish variant. Both have similar effects 

to oxytocin. Overall, these hormones affect sociability, anxi-

ety, pair bonding, orgasm, and maternal behaviors.  

Highly social birds, such as those that travel in flocks, 

have more mesotocin receptors in parts of the brain related 

to social behaviors. Conversely, territorial birds have fewer 

mesotocin brain receptors.  

The levels of oxytocin and vasopressin, another hormone 

associated with sociability, correlate with bonding behaviors 

in prairie voles, which are territorial during mating, but com-

munal the rest of the year. Similar patterns of association 

between such brain hormones and social preferences have 

been found in many mammal species. 

Sometimes smelling alike is enough to associate. Regard-

less of species, fish who like the same food and thereby smell 

similarly commonly congregate and forage together. 

By associating with others that share the same preference for 
particular types of food, a fish ensures that it has enough to eat. 
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Being surrounded by similar-smelling fish also protects an indi-
vidual against predators that use certain chemical search pat-
terns to detect prey. ~ Austrian ethologist Tanja Kleinhappel 

 

 Vinegar Flies  

Vinegar flies aggregate on rotten fruit; not as a social gala 

to show mutual attraction, but as a feast on a shared food 

source. Social interaction is not altogether absent. Vinegar 

flies react to the presence of others by spacing themselves 

out, giving each other personal space. 

The correct culture of vinegar fly eggs laid in a fruit raises 

the odds of survival. One with too many eggs creates a group 

of larvae that become undernourished. Too few eggs also have 

consequence. There must be enough larvae to break up the 

food supply and engender yeast colonies that mush the food 

so that it is soft enough for all the larvae to feed.  

This larval group dynamic makes it advantageous for a 

female to lay her eggs close to others. Most do. 

 Hermit Crabs  

Hermit crabs have a soft underbelly that leaves them vul-

nerable to predators. For self-protection, hermit crabs tuck 

themselves into abandoned snail shells, of which there is a 

limited supply.  

Those that live on the shoreline hollow out and remodel 

their shells. That sometimes doubles the volume, providing 

more room to grow. It also makes for a lighter mobile home 

to lug around. 

The hermit crab is no hermit. Crabs regularly gather 

together for real estate swaps.  

A crab that finds a suitable shell, albeit too large for it, 

waits nearby rather than walking away. Soon enough an-

other crab comes by, then another. 

A congregation of 3 will attract dozens more, all eager to 

trade up to a larger home. They typically form a conga line, 

small to large, each holding onto the crab in front of it. 
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Once the largest crab moves into the vacant shell, from 

large to the small, each queued crab quickly scuttles into the 

shell in front of it.  

Crabs spend hours queuing up. Once swapping starts, a 

synchronous vacancy chain fires off in seconds, like a line of 

dominos. 

Vacancies don't just come via a convivial conga line. Her-

mit crabs sometimes gang up on one with a fine abode, prying 

it out of its home, and then competing for the better shell. 

Having diligently worked to remodel its home, a crab is 

reluctant to leave it for any reason, including making love. 

Male hermit crabs have specialized private parts that help 

them keep their private property. Some males have penises 

that are 60% as long as the rest of their bodies.  

Enlarged penises evolved to prevent the theft of property dur-
ing sex. Species carrying more valuable, more easily stolen 
property have significantly larger penises than species carrying 
less valuable, less easily stolen property, which, in turn, have 
larger penises than species carrying no property at all. ~ Amer-
ican biologist Mark Laidre 

Hermit crab funerals are well attended. Crabs come from 

all around, not to mourn the deceased, but in the hopes of a 

shell upgrade. 

Some hermit crab species forgo shells for sea anemones. 

A crab plucks a young anemone off the sea floor and places it 

on its belly. The anemone attaches, attracted to free meals 

from scraps that float free when the crab eats.  

The crab benefits because the anemone grows up and over 

the crab's otherwise unprotected back. Meantime, the anem-

one's fleshy foot provides protection to the crab. 

 Costs & Benefits  

There are both costs and benefits to sociality: more com-

petition for mates, more possibilities for mating; more com-

petition for food, better information as to prime dining spots; 

more competition for everything material, but easier to relax 

in relative safety. 

Being social is a time and energy sink. Social climbing is 

energetically expensive and stressful. 
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Pathogens and parasites love groups, though not of their 

own kind; only of their client base. Group living makes dis-

ease transmission and parasite propagation much easier. 

Bird colonies are typical, in having all the costs and ben-

efits of crowded conditions. Perhaps the biggest benefit of all 

is intangible: information.  

Birds are nosy neighbors, as are most social creatures. 

Keeping one's eyes and ears open garners tips on lifestyle as 

well as juicy gossip. Where to find food, the best spots to 

breed, and nest-building techniques are all on display to the 

careful observer.  

A savvy female chickadee tunes into the dawn song con-

test between neighboring males to learn who is hot and who 

is not. She might then pay a visit to well-sung stud who will 

not mind a territorial intrusion for what she has in mind. You 

cannot blame a chickadee for wanting the best brood she can 

get. 

Assistance for discomforts and illness may be offered by 

social living. Friendly grooming of each other is practiced by 

several mammal species, notably primates. 

Animal sociality is often more than self-interest spread 

within a group and through time. Social interactions often 

exceed the struggle to survive, and reproduce, and entail a 

drive to thrive. Psychological satisfaction is a factor in the life 

of every animal. 

Individuals in schools of fish, and flocks of birds, may stay 

together for months. Their social behaviors are as complex as 

any mammal.  

Geese migrate as families. Most, if not all, birds recognize 

each other. Many have stable relationships for much of their 

lives. The same is true for most social species with lives that 

last for years. 

Fish recognize their individual differences. Schooling fish 

take up different positions within a group according to their 

abilities. Fitter fish take the lead. 

Female elephants may live as a family for more than 40 

years. They know each other individually, with deep emo-

tional bonds.  

The line between group behavior and sociality is one of 

emotion. Bonds between individuals are emotional in nature. 
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Social groups are of several individual bonds, each of varying 

affection. 

Even intensely social creatures need personal space. This 

is readily observed in birds; a flock of which may sit in a line 

with precise spacing between them, as pigeons on a high wire 

illustrate. 

The distance between varies by species. Wingspan is in-

dicative of spacing, as shown in flock flight patterns, though 

other factors may weigh in. Rooks feed together but maintain 

enough distance that the earthworms that they feed upon are 

not given advance warning by another. 

Coming too close results in aggression to prompt adjust-

ment. Loved ones are different. Many nests are shared for 

long periods at very close quarters. 

There are some birds so sociable that spacing is spurious. 

The affectionate small parrot known as the lovebird acquired 

its name by its lovey-dovey nature: huddling shoulder to 

shoulder in clusters, bathing and grooming each other, even 

occasionally feeding each other's chicks. 

Social facilitation is a change of behavior pattern when 

in the presence of others. Social facilitation affects practically 

all social species. 

Birds and other animals commonly tend to eat more when 

in the presence of others, intrinsically driven by a sense of 

competition for limited resources. Solitary hens eat less than 

those with company. 

Peer pressure is a natural phenomenon for every social 

species. A hungry fowl chick put in a pen with sated birds 

will not eat, even if food is available, simply because the oth-

ers are not eating as they normally would. A hungry chick 

senses danger in unusual behavior and adheres to group be-

havior. 

Practicing social facilitation isn't always practical, sensi-

ble, or in an animal's best interest. A minor disturbance 

within a group of animals sometimes cascades into a tizzy of 

panic. This discombobulation temporarily defeats the protec-

tive purpose which grouping affords. Predators count on such 

irrationality in herding animals to ease the task of nabbing 

something to eat. 
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Rooks roost colonially in the tops of trees, building their 

nests from twigs, typically of broken-off branches. Twigs are 

seldom plucked from the ground.  

A bit of pilfering from each other's nests is tolerated as 

business as usual. But pilfering can turn to pillaging if the 

stick supply runs thin. Unabashed thievery can become the 

norm in a rookery, ultimately resulting in the wholesale de-

struction of nests. 

 Protection  

A group has a better chance against a predator than does 

an animal alone. The group can take concerted evasive ac-

tion, scatter, confuse the predator, or even gang attack.  

Groups are more conspicuous to predators, but individual 

risk is lessened. Cohesive groups respond to each other and 

provide better protection against predators, even if only by 

having more alert individuals nearby. 

Solitary red-billed weaverbirds, or when congregated 

with other bird species, often fail to respond to a predatory 

goshawk flying overhead. When 2 or more weaverbirds are 

together, a hawk is much more likely to be seen and a re-

sponse made.  

Colonial nesting birds are known to form a formidable op-

position. A fox coming into a group of nesting gulls is likely 

to be mobbed, to the point of the birds kicking the fox with 

their feet. A solitary bird has no such hope of intimidation. 

Birds of prey rarely attack a close group. The most com-

mon stratagem is to make threatening swoops to try to get 

the group to scatter, so that the predator can single out an 

isolated individual. 

Behavioral geometry favors close grouping. If each ani-

mal in a group tries to put one animal between itself and a 

predator, then a tight formation results.  

Beside adding a margin of safety, protective grouping af-

fords members more time for foraging and feeding, requiring 

less individual vigilance.  
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Protective grouping raises the issue of cheating: whether 

an individual can ride on the attentiveness of others. Slack-

ers are more likely to be caught out as response time to dan-

ger slows.  

A feeding-focused cheat is likely worse off than one that 

occasionally looks around. Hence, intermittent vigilance ben-

efits both the individual and the group. 

 Food  

Animals in a group often converge on a rich food source. 

When a tit flock member finds a morsel, the others alter their 

search to home in. While an individual may lose out in the 

instance that pickings are slim, the longer-term advantage 

benefits each member, as the odds of finding food are raised. 

The jungle-runner is a whiptail lizard endemic to the tiny 

islet of Little Scrub, off the east coast of Anguilla. Their fa-

vorite foods include bird eggs and fruit, which is can be more 

than a single lizard can eat. 

Lizards are normally territorial, as are jungle-runners 

when food is not abundant. Facing a surfeit, a jungle-runner 

invites others into the neighborhood to join the feast. A lizard 

signifies such abundance by performing pushups. This non-

verbal communication works well in noisy environments and 

does not draw undue attention. 

The invitational exercise not only works up an appetite, 

it can facilitate dining. By calling over more mouths, eating 

a bulky fruit like a prickly pear becomes a bit easier. 

Pumas are large, secretive cats that reside in the moun-

tains of the Americas. These territorial cats live largely soli-

tary lives, but they reciprocally share food and water with 

neighbors. 

First, pumas regularly kill prey many times their size and dif-
ficult to consume alone. Excess food reduces the costs associ-
ated with being close to conspecifics, thus increasing 
opportunities for social interactions and the development of 
more complex social strategies. Second, pumas live long lives 
in relatively stable territories, providing opportunities for re-
peated interactions with neighbors over time. ~ American zo-
ologist Mark Elbroch et al 
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Group dynamics sometimes create favorable feeding con-

ditions. Gannets and gulls are often group fishers. Diving to-

gether confuses the fish, making them more likely to be 

caught.  

Dogs, hyenas, lions, and several other predators hunt in 

groups, with varying degrees of coordination, but consist-

ently with better success than solitary individuals could hope 

for.  

Though they hunt in groups, lion hunting behavior is typ-

ically individually opportunistic, not coordinated. The ad-

vantage of lion pack hunting comes after the kill, in keeping 

scavengers away from the carcass.  

Hyenas pick their prey based on their group size, prefer-

ring zebra to wildebeest when in a plentiful pack. Zebra know 

this: ignoring a single hyena, and only becoming alarmed by 

the sight of a large pack. 

 Pair Bonds  

Many animals form long-term partnerships. Pair bonding 

is seldom just about sex, even when that is part of the rela-

tionship. 

Rabbitfish pair up for the long haul but mating has noth-

ing to do with it. Rabbitfish migrate during the new moons of 

October, November, and December to mate in mass aggrega-

tions. Some rabbitfish couples are of the same sex. 

Rabbitfish pairs are cooperative alliances, helping them 

better obtain resources than they could by themselves. Male 

cheetahs form lifelong alliances to defend territory. 

The situation with fish is no different than our own. It's 

easier to go through life with a partner and more fun. 

 Organization  

Sociality is so useful to living beings it has been invented 
many different times in the insect world alone. ~ Caryl Haskins 

Animal social organizations differ widely in complexity, 

and in the types of interactions between individuals. While 

the tendencies of social organizations are similar within a 
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species, populations sometimes develop their own distinctive 

cultures. 

One commonality of animal sociality is that a mother and 

her offspring are the foundation of social structure. In group-

oriented animals, offspring inherit their mothers' social con-

nections, which generationally strengthens the resilience of 

the social network. 

In birds and mammals, it is nearly always the female that 

cares for younglings by herself. Several fish reverse this, with 

paternal care, as with nest-building sticklebacks and pouch-

carrying seahorses. 

When parental duties are too much for 1 parent to bear, 

pair bonds become common. Nesting fish, such as cichlids, 

pair up to share parenting. Over 90% of bird species take care 

of their nestlings in pairs. 

Although pair bonds are found in certain mammals, such 

as beavers, foxes, jackals, and gibbons, this not is not the typ-

ical mammalian grouping. Mother mammals are generally 

better off caring for their young without male assistance. 

Where parental assistance is necessary, there tends to be a 

larger group and alloparenting occurs. 

Families are an extension of pairing. In animals with 

overlapping litters, older offspring sometimes assist with 

care of younger ones. 

Harems – 1 dominant male exclusively mating with mul-

tiple females – is common among mammals. In polygamous 

monkeys, a male may have only a few females. With fur seals 

harems can be huge: up to 100 females. Male deer and some 

antelopes are also able to corral and control sizable numbers 

of females during breeding season. 

The harem system means that many males are unmated 

during breeding season. It also means that overlords must 

constantly defend their hard-won breeding rights, which is 

often quite taxing. 

The cost of harem-keeping may not be just from jealous 

rival males. In some polygamous species, such as the patas 

monkey, dominant males often become henpecked. A patas 

monkey harem may have a dozen females, who gang up and 

dominate the male. 
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While some harems last year-round, others dissolve at 

the end of the breeding season. When this happens, individ-

uals may disperse or stay together.  

At the end of the breeding season, red deer form separate 

male and female herds, each with dominance hierarchies. 

When breeding time comes around again, males make their 

move on the females and fight one another for harem posses-

sion. 

With a shift in the balance of power between sexes, a 

harem system becomes a matriarchy: females are the center 

of society, with males on the periphery. During breeding pe-

riods, males are allowed in for mating, then dispatched. Coa-

tis and elephants run matriarchies. 

In an oligarchy, societal power is vested in an elite gang 

of dominant males. Baboons run oligarchical societies, as do 

humans. Oligarchies require restraint and cooperation 

among the dominant males or a society dissolves into discord. 

The history of men is replete with social dysfunctionality, 

much more so than other animals. 

Social hierarchies are a norm among group-oriented 

presocial animals. Eusocial insects take the concept a signif-

icant step further with social systems that provide for effi-

cient division of labor and a decent life for all in the colony. 

 Geladas  

Dominance hierarchies are common among primates, as 

an evolved means to minimize conflicts. The behavioral by-

products of a stiff social order differ. 

Geladas are Old World monkeys endemic to the Ethiopian 

highlands. Geladas are closely related to baboons and have a 

lifestyle like their savanna cousins.* They live in a complex 

multi-tiered society like hamadryas baboons, though there 

are differences in their behavioral norms. 

Both male and female geladas have respective dominance 

hierarchies. Female geladas stay with their natal unit. In 

growing up they form strong social bonds and a dominance 

 
* Baboons are in the Papio genus, whereas Geladas comprise the 

Theropithecus genus (Greek for "beast ape"). 
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hierarchy among themselves that fits within the existing so-

cial order. Within a group, gelada females tend to be more 

aggressive than males. 

Mature gelada males form or take over a family unit. As 

a group, females can exercise power over the dominant male. 

If a usurper tries to overthrow the resident male, the females 

may support or oppose him: an often-decisive decision. In con-

trast with hamadryas, a gelada male maintains his standing 

with family females by grooming them. 

While there may be more than 1 male in a unit, only the 

dominant gelada male supposedly mates with the females. 

Conversely, a male may be monopolized by a dominant fe-

male.  

Geladas social hierarchies create sexually monogamous 

relationships. If a male attempts to seduce another female, 

she is apt to publicly ignore him. 

Geladas occasionally engage in infidelity: cheating on 

their partner and doing their best to cover it up by suppress-

ing their normal mating cries to avoid being overheard. For 

instance, a non-dominant male may have consensual sex 

with a female. If the dominant male finds out, he will punish 

them both. 

Alpha male geladas sometimes allow subordinate compet-

itors into their reproductive unit. This fosters cooperation, 

which typically results in a 30% longer tenure for the leader. 

Such a magnanimous male may expect 3 more offspring dur-

ing his lengthened leadership from being tolerant of some 

subordinate reproduction. 

 

Eusociality commonly comprises a breeding queen with a 

sterile colony of workers. Social insects – ants, bees, wasps, 

and termites – are the most well-known eusocial animals. 

There are a few others. An Australian weevil is the only bee-

tle recognized as eusocial.  

Snapping shrimp live in sponges on tropical reefs, in col-

onies of up to 300 individuals, but with only 1 reproductive 

female. Food is abundant. The main task of workers is to de-

fend the home sponge from invasion. On a crowded reef, qual-

ity sponge real estate is sought by many species. 
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The sand puppy and the Damaraland mole rat are the 

only known eusocial mammals. 

Though relatively few species have taken social living to 

the extreme of eusociality, many different animals have close 

cooperation, if not reproductive division of labor. Before fly-

ing off to their own lives, fledgling birds of many species stay 

with their parents a year or 2 to help rear the next genera-

tion. In over 200 species, including mammals, such as the 

dwarf mongooses and black-back jackals, young helpers as-

sist their parents with younger siblings. 

 African Wild Dogs  

They are the most enthusiastic animals. They live the life do-
mestic dogs wish they could live. ~ English zoologist Rosie 
Woodroffe 

The African wild dog is a long-legged canid that lives on 

the savannas and sparse woodlands of Africa. Its Latin name 

– Lycaon pictus: "painted wolf" – refers to the animal's patch-

work coat of red, black, brown, white, and yellow fur. Each 

dog has its own unique coat pattern, allowing instant recog-

nition by others in the pack. These dogs have large rounded 

ears. 

 All other dogs have 5 toes on their feet. The African wild 

dog has only 4. 

Wild dogs live in family groups of 6–20 adults. The dogs 

hunt as a pack in a very disciplined way: stalking with mili-

tary grace and precision – steps synchronized, radio-dish ears 

cocked forward. Their attacks are similarly choreographed to 

cover all angles and ensure capture. If they tire in a long 

chase, initial leaders are replaced by 2nd-string dogs that lag 

early on. African wild dogs can run long distances, at speeds 

up to 55 kilometers per hour. 

Targeted prey rarely escapes. Dogs will tear flesh until 

the animal falls. 

Wild dogs' relentless pursuit of prey is contrasted to their 

affability, civility, and generousness among themselves. Be-

fore a hunt, pack members practice a ritual bonding: circu-

lating among the group, vocalizing, and affectionately 

touching each other, building enthusiasm. 
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Among most group-living carnivores, such as the big cats, 

dominant adults get first serving, leaving leftovers to their 

juniors. Wild dogs are exactly the opposite. Adults let puppies 

feed first. Pups still in the den, or injured pack members, are 

provisioned by regurgitation of the most recent meal. 

 The pack is typically dominated by a monogamous breed-

ing pair. Other adults, which are related, serve as guardians 

and babysitters, and even wet-nurse the alpha pair's pups. 

Wild dogs are generous to a fault. Large packs with many 

offspring end up shortening the lives of nonbreeding adults, 

who gradually become malnourished from feeding the young. 

They're evolving into the mammalian equivalent of 
honeybees. ~ American ethologist Scott Creel 

 

The nature of a creature, its predators, and its habitat, 

present adaptive pressures that affect sociality and other fac-

ets of life. A lack of resources – food or mates – creates terri-

torial instincts, or, conversely, may spur greater sociality. 

The great tit is alternately territorial or gregarious depend-

ing upon the season: territorial during mating season but 

wintering in large flocks with their own and other species.  

Mating seasons often spur competitive and/or territorial 

behaviors, or alternately, may foster breeding colonies. De-

fending territory is energy expensive. 

 Social Dominance  

Male elephant seals and red dear spend much of the 

breeding season in battle: fighting for paternity of the next 

generation. The winner, either by aggressive negotiation or 

bloody fight, takes the spoils; at great cost.  

Male elephant seal mortality is high. Few achieve the 

strength and size to hold a harem on a breeding beach.  

A male lion may hold onto a pride of lions for very few 

years before being displaced by a younger and stronger rival. 

The reproductive life of a female red deer may be 20 years, 

but a stag's breeding years are considerably fewer, as holding 

onto the privilege of paternity takes a heavy toll. 
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Conflicts arise in all social animals. The fiercest are often 

over mating rights and prime breeding spots. Yet few mating 

contests are so taxing as to be terminal to the loser. Such 

fighting in most species is ritualized. 

A male mantis shrimp could easily kill a vanquished op-

ponent. It seldom happens. A beaten combatant can signal 

his opponent that he has had enough. Specific submission 

gestures vary by species, though they typically involve put-

ting oneself in a vulnerable position.  

African wild dogs show an open-mouthed grimace, lower 

and turn the head, and even go belly up in a groveling motion. 

The winner permits the defeated to leave the field without 

further harm. 

The Occam's-razor explanation for letting an opponent 

live another day is that evolution generally favors success of 

a population, not just individuals. Nature does not intend to 

create murderous brutes as a norm. 

 Gall Aphids  

A petiole is the stalk attaching the leaf blade to the stem 

of a plant. With the coming of spring, aphid eggs hatch on the 

petioles of cottonwood and poplar trees. The emerging aphids 

amble to leaves on the branches.  

Of tens of thousands per tree, each female settles at the 

petiole of a selected leaf. There she chemically induces a hol-

low ball of leaf tissue – a gall – for her homestead, where she 

will bear offspring parthenogentically. Parthenogenesis is 

asexual reproduction without fertilization.  

Once her daughters have matured, they either fly off to 

another host or stake a claim on the natal tree. Staking a 

claim to a choice leaf is not easy. Prize petioles can be hard 

to come by. There may be 20 aphids for every large leaf on 

the tree. Females may spend hours kicking each other for a 

preferred leaf, or a superior leaf site. They may fight for 2 

days, to the death, for the right to grow a gall in a great loca-

tion. 

Lovely leaves are worth fighting for. Defeated females, 

and those disinclined to aggressive negotiation to death, are 

forced to accept inferior lodgings. The choices are a smaller 
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unoccupied leaf or taking a secondary spot on a larger leaf: 

midrib, where the juices are not as nutritious. Both are equiv-

alent in worth, but a significant step down in quality from a 

prime petiole.  

 

Dominance and deference are common components of 

presocial societies. There are many situations where social 

dominance enters in. First or best access to a meal is exem-

plary.  

Territory is commonly critical. A dominant individual or 

pair take the choice spot, for whatever reason or whim. Might 

makes right in the animal world. 

Chickens are unusual in develop a specific pecking order. 

In other species, particularly primates, the social hierarchy 

is much more complex, including alliances. 2 chimpanzee 

males may cooperate to share a top spot in their troop.  

Conflicts recede when a social hierarchy has been 

achieved. Animals learn of other individuals' capabilities and 

defer when appropriate to avoid losing a fight. Chickens are 

less aggressive once they get to know each other, as are other 

species.  

Social stability lasts only as long as abilities remain 

static. A young male chimp or baboon that grows stronger 

may challenge the existing hierarchy. Other relationships in 

the group may change in that wake. 

Some animal groups are too large for all to know each 

other. Such species use status badges to maintain hierarchy 

and avoid unnecessary conflict.  

Male house sparrows have black bibs, which distinguish 

dominant birds from subordinates by size. Harris' sparrows 

have black head feathers to the same effect: the blackest 

heads are the top birds.  

Male African red-shouldered widowbirds wear epaulets. 

Territory holders have larger and redder shoulder patches 

than territory floaters, who are loiterers in other birds' terri-

tories. These 2nd-place birds immediately concede defeat 

when challenged but are ready to assume a territory should 

a resident vacate. 
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Cheating is prevented because weak mimics would face 

constant challenges that they would lose. Deception would 

come with a heavy social cost. While status badges are more 

reliable than they may first appear, they are used primarily 

in species that constantly encounter large numbers of other 

individuals, such as sparrows and great tits. 

 

For most species social organization and individual inter-

actions are too various to easily categorize. Many factors are 

in play. Changing seasons often alter social organization.  

Male chaffinches tend to dominate females in winter 

flocks, displacing them at feeding sites. This is reversed in 

spring, when females displace males, as male flocks disperse 

to establish territories.  

Feral chickens on an island off Queensland, Australia al-

ternate between a hierarchical flock during the winter and a 

territorial regime in the breeding season.  

The social structures of some mammals may shift by sea-

son. Red deer are a dramatic example. Other than the breed-

ing season, red deer bucks and doe live apart. Red deer males 

live in loose bachelor herds, with a dominance hierarchy by 

body size. A higher-ranking stag may displace lower-ranked 

stags at a choice food patch by lowering his head and display-

ing his antlers.  

Females (hinds) live in their own herds with the young of 

both sexes. Hinds seldom threaten or displace each other, 

even in winter, when food is scarcer. 

Come April, stags shed their antlers. Male aggression 

takes a new form: rearing up on their hind legs and boxing 

with their hooves. As new antlers grow, the males become 

ever more aggressive: fighting head-to-head.  

With a hierarchy established, male red deer herds break 

up in September. Each male heads to a favored display area, 

where he roars to gather hinds coming into estrous. So goes 

rutting season. Males defend the females they attract rather 

than any territory. Rutting season is but a few weeks, where-

upon the different sexes return to their respective herds for 

the winter. 
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Sociality is commonly consistent for many mammals. 

Wolves hunt in packs, with a stable hierarchy based on their 

extended family group. Lion prides are similar in their social 

permanence.  

Compared to wolves, elephant social order is more ex-

tended and complex. Females maintain immediate family 

groups of 5 to 15, which may also include young elephants of 

either sex. When a group gets too big, elder daughters form 

their own group, though the different herds remain aware of 

their family ties. Male adults are more solitary, though they 

do occasionally form friendships with other males, as well as 

establish dominance hierarchies for breeding rank. 

Many primates maintain a uniform social organization 

regardless of season, characterized by complexity and sub-

tlety in individual affections. Even lemurs have intricate 

mixed-sex social groups, with each troop maintaining a sta-

ble-boundary territory. Relationships are mostly friendly, ex-

cept for males during the short breeding season, when 

dominance hierarchies play out. There are strong mother-off-

spring bonds. Play and mutual grooming are ubiquitous. 

Each animal that lives in a complex social assemblage is 

critically dependent on cooperative interactions with others. 

This necessitates mental models of behaviors toward other 

individuals according to intimacy, biological relation, and so-

cial hierarchy.  

A rhesus macaque mother may hold her own infant along 

with another of similar age. The other being held is most of-

ten the offspring of a dominant female.  

The hope is for a social head start: to engender future as-

sociation between one's own offspring and high-ranking 

youngsters. Other primates behave similarly. 

The social norms of different primate species vary, but 

monogamy is rare. Gibbons are a near-perfect exception to 

that rule. They have lifelong pair bonds between male and 

female, and a strict territoriality that is maintained by elab-

orate singing, especially at dawn. There are parallels be-

tween gibbons and songbirds in facets of their lifestyles.  
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 Cooperation  

Cooperation has posed a major problem to evolutionary biol-
ogists since Darwin, because although cooperation and altruism 
abound in Nature, Darwin's theory of natural selection is based 
on the "survival of the fittest." ~ English psychologist Andrew 
Colman 

Living is an opportunistic exercise. Cooperation happens 

when it aligns with self-interest. The subtle issue inherent in 

such alignment is how self-interest is perceived. 

While the exercise of cooperation is learned, its capacity 

is inborn. The innate basis for cooperation is similarity recog-

nition: sensing a likeness between self and others. 

High levels of animal cooperation are often found in very 
harsh and unpredictable places – from birds on African savan-
nahs to bees in the Alps. ~ English evolutionary biologist Pat-
rick Kennedy 

From a genetic perspective, relatives are ready coopera-

tors. Members of a group, even unrelated, tend toward coop-

eration when threatened or a mutual benefit is perceived. 

Matabele ants only eat termites. It's a hazardous food 

source, as the termites fiercely defend their nest, killing and 

maiming marauding ants. Ants injured in a foray are carried 

back to the nest by their comrades where they can recover. 

Many of the wounded ants wouldn't otherwise survive. 

Knowing that the risk of the hunt is minimized helps sustain 

courage for the chancy endeavor. 

Organisms are innately tribal, beginning with microbes 

cooperatively sharing genes to sustain the community. 

Plants cooperate by warning others. These endeavors 

take energy, and so cannot be dismissed as incidental. 

Many spiders make their way through life on their own, 

but some habitats are too harsh to do so. Lowland tropical 

rainforests offer tremendous prey potential, but the wind and 

rain are hard on spider webs, so they band together and help 

one another. 

By living in groups, spiders can occupy spaces that they 
wouldn't otherwise be able to. The spiders make dense webs 
that require a lot of silk. When the webs get damaged by strong 
rains or colonies are attacked by predators, some spiders can 
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protect their offspring while others go and make repairs. ~ Ec-
uadoran evolutionary biologist Leticia Avilés 

Likeness identification can have a softer side, especially 

when facing hard luck. Cooperation can be empathy in action. 

An animal may emotionally identify with another, which may 

be as simple as recognizing similarity in predicament.  

Captive animals of different species tend to friendship 

from mutually facing eternal confinement. Life alone is 

lonely. Friendship is essentially emotional cooperation. 

Regardless of species, individuals cooperate to mutual 

gain if the individuals involved can override their fear, which 

is most easily overcome by similarity recognition. If one ani-

mal can perceive a likeness in another, however that percep-

tion is taken, cooperation becomes a possibility. 

There are several forms of cooperative behavior. Many be-

haviors, particularly intimate ones, are too nuanced or fur-

tive to be observed in the wild and satisfy scientific rigor.  

What has been repeatedly and variously observed as co-

operative endeavor is predation. 

 Lionfish  

Lionfish are venomous predators. 

When they hunt alone, they waste no 

time in devouring prey. 

Lionfish savor the experience of 

having a hunting partner. A lionfish 

shimmies its tail and fans it fins to invite another lionfish to 

join him for a meal.  

Hunting buddies are always polite to one another. The 

first one to strike takes a bite and backs off, allowing its part-

ner to secure a mouthful. 

Hunting together is more successful than solo endeavors. 

And it's more fun to share dinner. 

 

Numerous predators hunt in groups. 
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 Pseudoscorpions  

Social behavior is rare among arachnids. ~ Brazilian ecol-
ogists Everton Tizo-Pedroso & Kleber Del-Claro  

Pseudoscorpions are arachnids that look 

like scorpions in having flat, pear-shaped bod-

ies and front pincers. Alas for them, they lack 

the scorpion's stinging tail. There are over 3,300 species of 

pseudoscorpion in more than 430 genera. Pseudoscorpions 

emerged ~380 million years ago, during the Devonian.  

After hatching, pseudoscorpions reach maturity in 10–24 

months after molting a few times. Depending upon species, 

adults grow to 2–12 millimeters long, and may live 2–4 years. 

Pseudoscorpions often practice phoresy: using another, 

larger animal as transport. Their pincers help them catch a 

ride. 

Paratemnoides nidificator colonies are found under the 

bark of trees in the vast Brazilian Cerrado (tropical sa-

vanna). P. nidificator hunts in packs to bring down larger 

prey. They then share the spoils equitably, with hunters eat-

ing first, then younglings, and finally others in the colony. 

Obligatory parental care favors the evolution of behavioral 
strategies that prioritize the feeding of juveniles. ~ Everton 
Tizo-Pedroso & Kleber Del-Claro 

These pseudoscorpions take different work roles based 

upon their age and personality. Males and young females 

tend to hunt, while others spend time on home maintenance 

and caring for the young. 

Division of labor is a strategy that maximizes foraging and 
reproductive success. ~ Everton Tizo-Pedroso & Kleber Del-
Claro 

Females will let their offspring eat them if food runs 

short. P. nidificator plan their breeding to avoid that. 

Prey diversity and abundance seem to be the main factor lim-
iting reproduction. ~ Everton Tizo-Pedroso & Kleber Del-Claro 

P. nidificator live in tight-knit social communities. They 

are never aggressive toward one another. 
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Cormorants fish in different formations by group size. 

They vary their fishing tactics depending upon water turbid-

ity and fish distribution.  

Pelicans will form a tightly coordinated aerial crescent 

and dive for fish, closing the formation into a circle once in 

the water. This optimizes the odds of everyone getting some-

thing to eat. 

Hawks and eagles sometimes cooperatively hunt. Har-

ris's hawk hunts in groups of 2 to 6, allowing them to snag 

jackrabbit, which, at over twice the size of single hawk, would 

be too much for a solitary hunter to take down. Coordinated 

hawk tactics vary depending upon the situation. 

Crocodiles and alligators cooperatively collaborate during 

their hunts. Some swim in a circle around a shoal of fish, 

making the circle tighter until the fish are forced into a 

tightly woven bait ball. Then the crocodiles take turns cut-

ting across the center of the circle, snatching prey.  

These reptiles sometimes use their different sizes to ad-

vantage. Larger alligators drive fish out of deep lake waters 

into the shallows, where smaller, more agile ones are wait-

ing. 

The South American giant otter may grow to 1.7 meters 

and 32 kilograms. These otters eat mostly fish, principally 

caught solo; but they hunt cooperatively when pursuing large 

prey, including caiman and anaconda.  

With obvious coordination, a caiman is attacked simulta-

neously from different directions. 2 or more otters will bite a 

large anaconda at different points, holding the snake fast, 

then bashing the body against fallen tree trunks floating in 

the water. 

Dusky dolphins herd anchovies in the ocean using both 

coordinated chase and noise tactics;: a cooperative venture 

that creates a tight ball of anchovies, whereupon the dolphins 

take turns diving into the ball to grab bites while the others 

keep the anchovies balled.  

 Lionesses  

Lionesses in a pride commonly cooperatively hunt, and 

when doing so enjoy greater success than solitary hunting, as 
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a group can bring down bigger game. Their typical tactics, 

such as spacing, appear more opportunistically aware than 

intentionally coordinated: individuals taking advantage of a 

group endeavor.  

Lionesses are quite capable of being thoughtful team 

plays. In one instance, 4 lionesses approached a herd of wil-

debeest with a businesslike gait. The wildebeest had split 

into 2 groups: one with about 50 to 60, the other group 100 or 

so. The hunting party kept enough distance not to startle the 

wildebeest. The ground was uneven, and the hunters di-

verged without the wildebeest being able to see the split.  

As diversionary showpieces, 2 lionesses slowly climbed 

atop 2 adjacent mounds, where they sat upright, stationary 

but conspicuous. The wildebeest kept a wary eye on those 2. 

A 3rd lioness slinked her way into a ditch between the 2 

groups. 

A 4th lioness bolted from the forest behind the smaller 

group, driving those wildebeest toward the larger group and 

the showpiece lionesses, and over the ditch where 1 lioness 

lay in wait. As the wildebeest bounded over the ditch, the li-

oness there leapt up and grabbed 1, killing it. The 2 diver-

sionary lionesses then joined the feast of 4, while the reunited 

wildebeest looked on in a line from the open plain. 

In hunting gazelle, groups of lionesses form a U-shaped 

pattern, surrounding their prey on 3 sides, whereupon they 

close in. 

Lionesses in a pride – often sisters or mother and daugh-

ters – hunt together for many moons. They know each other 

intimately. In group hunting, individual lionesses take con-

sistent positions in strategic formations.  

It was long thought that male lions were dependent upon 

lionesses for largesse. Instead, males are adept ambush 

hunters, relying upon the cover of darkness or vegetation. 

Male lions do not cooperatively hunt. 

 

Baboons are somewhat like lions in their hunting habits: 

one starts hunting and others join in. Whether a female that 

makes a catch can eat much of it depends on the aggressive-
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ness of the dominant males in the group. Often female ba-

boons are robbed of their prey. Baboons are not inclined to 

share. 

Besides baboons, many monkeys cooperate with each 

other and generally possess a strong sense of fairness. 

Comparatively, chimps play favorites: they cooperate in 

corralling game and share the spoils more easily if there are 

good relations between the parties. Chimps practice reciproc-

ity with cooperative endeavor and share food.  

 Empathy & Altruism  

Darwin's initial conception of "survival of the fittest" was 

that competition was individual within a species, with the 

winners evolving the species. Darwin's encounter with social 

insects created for him "one special difficulty, which at first 

appeared to me insuperable, and actually fatal to my whole 

theory." That "special difficulty" was altruism. How to ac-

count for worker bees and ants toiling their lives away with 

no prospect of propagation?  

Darwin's "special difficulty" made him a family man: he 

expanded the survival competition concept to group selection, 

thus allowing for altruism among family members. Darwin 

came to think that the family that works together survives 

as the fittest: kin selection. That notion also proved inade-

quate to explain the widespread altruism between animals 

not related. 

That said, relatedness does matter to animals. Honeybees 

are more likely to deliver food to their full sisters than half-

sisters from a queen having mated with several drones. 

Ground squirrels are more likely to raise an alarm if family 

members are nearby. Individual animals of many species 

self-sacrifice for relatives, and not just offspring. 

 Coerced Altruism  

Union gives strength. ~ Aesop 

Manipulation of others is common in Nature, particularly 

by parasites. Examples abound. For one, parasitic round-

worms cause the abdomen of their arboreal ant host to turn 
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berry red, duping birds into eating it. This spreads the para-

site via bird droppings. 

Manipulation can also produce altruism. Eusocialism in 

insects evolved through coercion. The earliest queens pur-

posely provided poor nourishment and/or aggressively kept 

their brood in check. Daughters had little choice but to help 

mother. 

The sweat bee is an early-evolved eusocial insect. The 1st 

generation of a new nest are mostly small-bodied female 

workers which help the queen raise the next, larger genera-

tion. These 1st brood daughters could reproduce, either 

within the nest or after leaving to found their own colony. But 

the queen has diminished their likelihood of independent 

success by undernourishment – hence their small size. Mean-

while, the few 1st brood males are full sized; no difference 

between the 1st and succeeding generations. 

Offspring may fail to resist manipulation if the cost of re-

sistance exceeds the benefit. With largely selfsame genes, a 

queen can rather readily coercively co-opt cooperation from 

her children. But the temptation for a worker to get her own 

genes passed on never lets up, even in long-evolved colonial 

insects. An altruistic worker bee typically abstains from sex 

unless it gives her a shot at a royal baby.  

4.2% of Western honeybee drones are the love child of 

worker bees. Just before virgin queens set out to establish 

their own colonies, worker-produced drones peak at over 6%. 

Breaking rank is worth the risk if it increases the chance of 

siring a hive. 

 

 Vampire Bats  

Vampire bats must feed on fresh blood at least once every 

3 days or face starvation. Inexperienced young bats often fail. 

They then desperately beg for a drink from those who have 

fed. (As they are noticeably bloated, well-fed bats are obvious 

to the less fortunate. If not apparent, bats rub bellies to see 

who is in a position to share.) Engorged bats will often regur-

gitate blood to the benefit of their begging companions, re-

lated or not. 
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Bats remember such favors, and practice reciprocal altru-

ism. If a bat gives to another, but the favor is not returned at 

a time of need, the ingrate will be ignored in the future.  

Further, bats are sociable, and reputation matters. Self-

ish bats may be shunned when in need. Selfishness runs a 

considerable risk. 

 

Altruism has an even broader reach than kin, one that 

goes well beyond the facile competitive creed of "survival of 

the fittest." Pure altruism has been observed in many ani-

mals, even the highly hierarchical dwarf mongoose. Stories 

are legion of dolphins of helping humans lost at sea.  

Habitats and social dynamics differ, as does the way shar-

ing occurs. The distinctions in altruism among all animals 

are only of degree, circumstance, and social norm, not of un-

derstanding.  

Cichlids help defend or maintain shared territory depend-

ing on their personality: aggressive or risk adverse. As with 

many other creatures, personality plays out on a stage of so-

ciality for cichlids. 

Chimpanzees help others proactively simply because they 

understand that help is needed. The assist may be sharing 

food or joining a brawl. And the helper may not be related to 

the one(s) getting help. 

Generous behaviour is known to increase happiness, which 
thereby motivates generosity. ~ Korean cognitive psychologist 
Soyoung Park et al 

Cooperation and altruism are behavioral byproducts of 

need – if not in the moment, in recognition that the future is 

uncertain. Altruism is an exercise of empathy: a reaction 

from emotional identification and affinity. Rodents will liber-

ate trapped cage mates even when they have nothing to gain.  

Empathy is as innate as selfishness. The two are para-

doxical twins that swap priority depending upon circum-

stance and personality.  
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Neonates will start crying in response to hearing another 

baby cry. Human infants offer comfort as an empathic initia-

tive beginning at 1 to 2 years of age, after the necessary con-

ceptual mental capacities develop. 

Researchers have observed that mice show empathic re-

sponse to other mice in pain, as demonstrated by writhing 

and licking their paws; more so when the pained one has been 

a cagemate. As emblematic of emotional contagion, mice are 

more sensitive to their own pain when in the presence of an-

other mouse in pain, even if the pains are of a different sort. 

Upon return to the den from a successful hunt, African 

wild dogs regurgitate a portion of partially digested meat for 

a female's puppies and their babysitter. The babysitter ben-

eficiary may not be related. These dogs will risk themselves 

to protect pups from powerful predators, such as a hyena or 

cheetah. The pups need not be a dog's offspring. 

At seasonal breeding grounds, unattached Adélie pen-

guins help defend nests and nurseries belonging to other 

birds against attacks by skuas.  

Social behaviors, including altruism, easily extend be-

yond one's own species given common cause. Bird alarm calls 

are exemplary. At some risk to the caller, warnings benefit 

several other species that share the bird's habitat. 

Bird mobbing behavior is an even more overt example. 

When small birds of various species spot a hawk, owl, or 

other predator resting in their territory, they mob it, while 

uttering characteristic clicking sounds that attract other 

birds to the vicinity. A safer neighborhood benefits all. 

Many species of birds, rodents, and primates practice al-

truism even if close relations are not involved. Capuchin 

monkeys are tolerant of friends coming by and taking some 

of their food. Caged capuchins will share food with another 

in an adjacent cage, especially if the sharing has been recip-

rocated in the past. 

Zuni was a bonobo imprisoned at the San Francisco Zoo. 

One day a bird flew into Zuni's enclosure, only to smack into 

a glass window in trying to fly out. Zuni gently picked up the 

stunned bird, stroked it, and carried it up to the top of a 

climbing frame. Placing the bird in position to escape, Zuni 

tried launching the bird. But the bird was too stunned and 



798 Spokes 2: The Web of Life  

fell back to earth. Zuni retrieved the hapless bird, gently nes-

tling it for the rest of the day. When the bird had sufficiently 

recovered, Zuni released it. 

Chimpanzees selectively share the spoils of a kill. A suc-

cessful chimp hunter will rip a carcass chunk off for a beggar, 

but the giving appears tactical. Giving is easy to other male 

hunting companions. A high-ranking male coming in after a 

kill is less likely to gain a piece of the prize than are lower-

ranking fellow hunters. Chimp males also selectively share 

with female friends, and not just for sexual favors. 

 Friendship  

Friendships between individuals are amply documented 

in people, chimpanzees, baboons, rhesus monkeys, rodents, 

horses, hyenas, lions, elephants, and dolphins. Elephants are 

notable for the lifelong bonding between a mother and her 

daughters. Sharing food, providing emotional support to oth-

ers, comfort to the injured, and grieving upon the death of 

friends are all on display within the animal kingdom. 

Numerous bird and mammal species are known to mate 

for life; beyond the needs of parenting, these couples are the 

most intimate of friends until death parts them. 

Via sustained proximity, friendship comes naturally 

among relatives. But unrelated animals often have enduring 

bonds. 

Males are particularly prone to have long-lasting buddies 

from relationships which typically formed as youngsters: 

playmates of the same age, not necessarily siblings. If a wolf 

leaves his pack, for whatever reason, his friends howl and 

howl from the loss. The departure of a less valued packmate 

does not elicit such a mournful reaction. 

Generally, while females have friends, being a mother 

also brings strong emotional rewards and bonding with 

brood. Nature's ruse for the sacrifices of breeding come in 

emotional payoff by attachment to offspring.  

Among baboons, the strongest social bonds are between 

mothers and daughters, followed by sisters and other female 

relatives, including aunts, nieces, and cousins. 
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Females have more fluid bonds during their fertile years 

but tend to cherish tight bonds with a few other select fe-

males after the last possible offspring have been reared. 

Horse mares form long-lasting alliances, in part to keep ag-

gressive stallions at bay. 

Grooming is a common expression of friendship. It is both 

beneficial to the receiver and an act of intimacy, not to men-

tion it feels good to receive and to give. 

Ruby was a young, low-ranking baboon female who lost 

all of her kin in a leopard attack. Because baboon social sup-

port is commonly kin-based, Ruby's prospects were poor.  

But Ruby was gregarious. She spent hours grooming Syl-

via, a high-ranking baboon who befriended her. By her tem-

perament, Ruby was able to climb the social ladder, gaining 

access to the best food and most desirable resting places. 

Friendship is as simple as seeking comfort or companionship 
from another to improve one's own life experience. ~ Ameri-
can author Jennifer Holland 

 Interspecies Bonding  

There are numerous stories of animals of different species 

forming social bonds. One is notably well-known. 

In Kenya, a 1-year-old hippopotamus named Owen 

formed a close bond with a century-old tortoise named Mzee 

(Swahili for old man) after they came together at a wildlife 

sanctuary in Mombasa. They slept and ate together, insepa-

rable friends. 

2 baby red pandas born at Amsterdam's zoo were aban-

doned by their mother. The zookeeper's house cat, which had 

just given birth, let the 2 panda newborns nurse alongside 

her kittens.  

Timur is a goat given as a live meal to Amur, a Siberian 

tiger at a Russian safari park. The stubborn goat refused to 

be eaten. Instead, the two became the best of friends. Amur 

gave up his sleeping spot to Timur, who, when awake, follows 

Amur wherever he goes.  

In her captivating book Unlikely Friendships, Jennifer 

Holland chronicled 47 interspecies animal friendships of 
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abiding affection. Many were quite unlikely, including: Su-

matran tiger twin cubs and orangutan babies; a rat and a cat; 

a little Dorcas gazelle and a protective zebra (zebra are 

known to be aggressive toward antelope, even killing new-

borns, making this friendship especially surprising); an 

iguana and a house cat (lots of snuggling, not a known lizard 

proclivity); a leopard and a Brahmin cow (the leopard cuddled 

while being cow-licked); a sled dog pup and a polar bear 

(roughhousing play; such interspecies playfulness between 

sled dogs and polar bears has been seen numerous times; po-

lar bears have even acted protectively toward the dogs); a 

baby oryx and a motherly lioness; a hamster and a rat snake; 

a rhinoceros, a warthog, and a hyena; a lion, a tiger, and a 

bear (oh my!).  

Dogs figure regularly in interspecies relationships, nu-

merically because they are so commonly around humans, but 

mostly because of their innate bonding sociality, which is 

what makes them a most popular pet in the first place. But 

then, the cat family too figures in prominently. 

Many of these odd pairings came about in an environment 

of a nature park, wildlife sanctuary, or zoo. The wild is a dif-

ferent setting. Close contact between different species, where 

such friendships might arise, is seldom seen in the wild; 

though it does occur, and more often between social species. 

The awareness that comes with sociality affords realization 

that friends bring value to life regardless of their origin. 

 Intelligence  

The more we look at the behavior of insects, birds, and mam-
mals, including man, the more we see a continuum of complex-
ity rather than any dramatic difference in kind that might 
separate the intellectual Valhalla of our species from the appar-
ently mindless computations of insects. We see the same bio-
chemical processes, the same use of sign stimuli and 
programmed learning (even in language acquisition), identical 
strategies of information processing and storage, the same po-
tential for well-defined cognitive thinking, but very different 
storage and sorting capacities and, most of all, very different in-
tellectual needs imposed by each species' niche. ~ American 
ethologists James & Carol Gould 
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Every responsive molecule – anything that can take a de-

cisive action – necessarily possesses intelligence. The unified 

field of Ĉonsciousness populates all animate matter with in-

dividualized consciousness, which is energetically embodied 

in a mind-body. A body may be a macromolecule, virus, cell, 

organ, or organism. The body includes cohesive energy path-

ways and centers. A mind is organized in a way appropriate 

to its body. This is the miracle of life. 

Perception is the mental comprehension of sensation from 

bodily stimuli. Everything animate experiences perception, 

which necessarily involves abstracting the inputs of sensa-

tion and construing some meaning from them. Perception is 

a constant preoccupation of a mind while in an alert state of 

consciousness. 

Sense of self is essential to survival, both as an individual 

and as a member of a group. All unicellular organisms pos-

sess proprioception: a sense of physical self. So too single cells 

in a eukaryote. 

Recognition requires conceptual comparison to memory. 

New experiences which cannot be comprehended are remem-

bered, providing the basis for later categorization when sim-

ilar sensations are perceived. 

The mind categorizes by comparing to past experiences, a 

procedure which requires memory. This basic learning pro-

cess is universal. Researchers have confirmed learning in 

slime molds. Worms learn via trial and error like people do, 

which requires contextual memory of similar situations. 

Goal-oriented behavior exists in all life: from viruses on 

up. Achieving goals requires intelligence, which necessitates 

the cognition of abstractions that appear as symbolic repre-

sentations of situations.  

In infecting a host, a virus employs mental templates of 

the chemical signatures that are the target of their goal-di-

rected behavior. Comparison necessarily involves abstrac-

tion. 

Every thought is necessarily symbolic, with objectified 

tokens that signify something that naturally evokes emotive 

qualities: either attraction (desire) or repulsion (fear). These 

2 poles define the spectrum of developing goals from which 

behaviors emerge.  
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As mentation is of patterns directed at goals, the mechan-

ics of analysis are selfsame, whether of molecular structures 

or social organization. Flies remember their destination even 

when distracted. Social wasps and honeybees recognize faces 

the same way as humans. Sea lions possess the same facility 

for symbolic logic processing as people. These are but a few 

known examples from research, which should be considered 

indicative of a ubiquity of acumen. 

Language is symbolic representation codified. The 

relations between symbols is the basis of syntax. 

The mind of every organism is a symbolic processor, ca-

pable of situational recognition in light of survival goals. This 

capability – employing languages for living – is innate in all 

life. 

The root of intelligence is knowledge, which has 2 sources: 

inborn (precocious) and learned. The ability to learn is 

grounded in the way the mind works: symbolic processing 

structured with inclinations, aptitudes, and deficiencies 

which are innate. Hence, all knowledge has a native founda-

tion. Learning – the accumulation of facts into actionable 

knowledge – is icing on the cake of intellect: perhaps sweeter 

in having been hard-won but no less essential than the basic 

batter of precocious knowledge. Just as tool use is only exem-

plary of acumen, not indicative of superiority, so too learning 

is merely a means of knowledge acquisition, no better than 

just knowing. 

On the beach of Fernandina, a Galápagos island, a ma-

rine iguana hatches from its egg which had been buried in 

the sand. Instant death awaits. The newborn lizard must 

sprint up the beach to the safety of rocks. On the beach in-

between are a bevy of racer snakes that know tasty hatch-

lings are on the menu this time of year.  

The iguana instinctively stays still, hoping to elude detec-

tion. Once spotted by a snake, or once a path looks possible, 

the newborn bolts for the rocky ridge. With innate evasive 

maneuvers, daring, and more than a dash of luck, the hatch-

ling iguana reaches the boulders and begins what it hopes is 

a less harrowing life. 

Some ants can't build their own nests, so they try to in-

vade another colony. Once mated and ready to lay, a parasitic 
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queen will look for a host nest to sneak into and kill the queen 

there. 

Cheated by Nature in building skills, the parasites have 

the compensation of innate wiles. Once established, a para-

sitic queen mimics the scent of the host species to trick the 

native worker ants into taking care of her eggs. As parasitic 

ants hatch they too mimic the colony's scent, hoping to go un-

noticed until their numbers can overwhelm the indigenes. 

The ruse isn't foolproof. Savvier host workers aren't hood-

winked and kill the masquerading outsiders. And the para-

sites are not only ants with inborn wits. Little host larvae 

help the cause by eating parasite eggs. The grubs innately 

know how to tell the bad eggs from siblings to be. 

All life forms are more intelligent than they need to be to 

survive, albeit with deficiencies that make living a challenge. 

The fact that they may not understand us while we do not 
understand them does not mean our 'intelligences' are at differ-
ent levels. They are just of different kinds. When a foreigner tries 
to communicate with us using an imperfect, broken, version of 
our language, our impression is that they are not very intelligent. 
The reality is quite different. ~ Australian biologist Maciej 
Henneberg 

There is no uniqueness, nor superiority, to human intel-

ligence. Quite the contrary. Abstraction absent perception – 

philosophic concepts – are divorced from actuality. Beliefs 

based upon such ideas are the source of mental illness, not 

intelligence. The human world is rife with self-destruction 

and social dysfunction from faiths and ideologies with do not 

correspond with how the natural world works – stupidity 

with grave consequences. 

 

All organisms have acumen adapted to their habitats. 

Before surveying animal intelligence, a brief review of other 

life.  

 Microbes  

We know so little of the little ones. Viruses, archaea, and 

bacteria are far too successful to mark it down to dumb luck. 
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Microbes navigate and adapt. They communicate at the 

molecular level within themselves and with other species. 

Microbes acclimate themselves to other species and ac-

commodate or antagonize with various responses. Through 

selective genetic exchange, microbes demonstrate what ap-

proximates to empathy, and, when times are tough, work for 

the betterment of their community. 

 Altruistic Algae  

When presented with an abundance of nutrients, single-

celled algae bloom into a prolific population. As the food runs 

out, individuals self-selectively commit suicide to sustain 

others. The residual nutrients can only be used by relatives 

and inhibit the growth of non-relatives. Not only does suicide 

help kin, it can also harm competitors. 

 Plants  

Plants are exquisitely tuned to their environment. ~ Cana-
dian botanist Heidi Appel 

Plants sense their environment and responsively adjust 

their activity, morphology, physiology, and phenotype. They 

account for their resources and plan accordingly.  

Though commonly hermaphroditic, many flowering 

plants recognize and reject their own pollen, thereby averting 

inbreeding. With intricate molecular comparison behind it, 

considerable cognition is involved in this process. 

Plants solve problems. They meaningfully communicate 

with their neighbors and other species in the appropriate 

chemical language. Plants understand and manipulate other 

species in a vast variety of ways.  

Plants' insights into the biologies and motives of other life 

forms is unsurpassed. How they acquire this knowledge is in-

explicable but must involve analysis of residue molecules 

from encounters. 

Most important, no life is as productive or as beneficent 

in their creations to other life as plants. Which is to say that 

the sociality of plants is beyond compare. 
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 Animals  

While the circumstances of other animals are often much 

different than our own, we can better appreciate their intel-

ligences than we can plants, fungi, or microbes, as the 

rhythms of animal lives are comparable to our own. 

The circuit of intelligence begins with perception: physical 

stimuli translated in the mind into meaningful input. Com-

mon communication media – touch, sight, sound, and smell – 

provide much of an animal's sensations. Other input is pro-

duced by habitat phase changes. 

A change in air pressure presages a turn of weather. In-

sects, birds, bats, and even fish sense a shift and change their 

behaviors in anticipation. Many insects stop producing mat-

ing hormones when it feels like rain, as courting prospects 

are dampened.  

A most primal sensation is pain: a discomfort that pro-

vokes attention. The earliest-evolved invertebrates – insects, 

crustaceans, and cephalopods – feel pain and react to it. Men-

tal processing is necessarily involved with every sensation. 

 Worm Charming  

Predation can be a matter of move and countermove in-

volving anticipation. In capture or escape, either predator or 

prey is confounded to the other party's satisfaction. 

Worm charming is practiced by birds, turtles, and hu-

mans. It involves vibrating the topsoil by various methods to 

rouse worms to the surface. Wood turtles and herring gulls 

stomp their feet. 

Moles burrow about in search of prey. This subterranean 

bustle can bring worms to the surface.  

Worms recognize vibrations at a certain frequency range 

as a predator on the move. In anticipation, they evasively 

squirm top side.  

 

Honeybees forage over a broad terrain. They then go back 

to the hive to report environmental conditions and the 

prospects for fruitful harvesting. This involves maintaining 

an extensive mental map, then translating specific directions 
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and other salient information into a cogent report that others 

can understand and appreciate.  

The hallmark of social intelligence is culture: the transfer 

of knowledge among conspecifics, and from one generation to 

the next. Culture is prevalent throughout the tree of life as 

an integral aspect of sociality. Horizontal gene transfer 

among bacteria is a cultural exchange. 

Culture is about learning from others. ~ Canadian zoologist 
Hal Whitehead 

Bumblebees socially learn in picking up harvesting tech-

niques by imitating those used by other species. Sometimes 

they communicate tips among themselves. As they mature 

and garner knowledge, bees can solve increasingly complex 

problems.  

Bees with experience are able to solve new problems that 
they encounter, while bees with no experience just give up.  
~ Canadian zoologist Hamida Mirwan 

 Great Tits  

Social learning, in which animals learn from others, can ena-
ble novel behaviours to spread between individuals, creating 
group-level behaviours, including traditions and culture.  
~ Lucy Aplin et al 

People often feel bound to cultural traditions. They are 

not alone. 

Great tits are small, ubiquitous passerines that live in 

woodlands. They watch other tits forage, learning both loca-

tions and techniques to harvesting food. This social learning 

is often adopted and passed on to offspring, creating cultural 

traditions. Political conservatives who value tradition for its 

own sake, these birds hew to social conformity, favoring so-

cially acquired foraging knowledge over personal discovery. 

 Domestication  

Domesticated animals show physical, behavioral, and cogni-
tive differences from their closest wild relatives. ~ German zo-
ologist Anna Albiach-Serrano et al 



 Animals  807 
 

Selective breeding of domesticated livestock typically em-

phasizes growing larger animals. Concomitantly, passive an-

imals are preferred.  

Emotive responses are dulled in domestics, especially re-

duced wariness, and low reactivity to what would otherwise 

startle. Further, domestication diminishes brain size.  

Domestic goats have smaller average brain mass (0.13 kg) 

than wild goats (0.18 kg), despite having larger body mass 

(domestic goat: 80 kg; wild goats: 45 kg). That does not mean 

that domestic ungulates are dumb animals. The cognitive 

abilities of domestic guinea pigs, swine, sheep, and goats are 

not lessened, though they are different than their wild cous-

ins, notably in being skewed to their specific environment. 

Artificial selection and breeding do not lead to a cognitive 
decline, but rather to an adaptation to man-made environments. 
~ German behavioral zoologist Lars Lewejohann et al 

Domestic guinea pigs are better at solving water mazes 

than those in the wild, but wild guinea pigs are better swim-

mers. 

Pigs, sheep, and goats are surprisingly adept problem 

solvers. They have excellent long-term memories for how 

they overcame challenges. And their sociality makes mental 

demands. 

Goats possess several features commonly associated with ad-
vanced cognition, such as successful colonization of new envi-
ronments, and complex fission-fusion societies. ~ English 
zoologist Elodie Briefer et al 

Sheep recognize individual people and respond when 

their name is called. They mentally map their surroundings 

and can plan ahead. Their learning ability is similar to simi-

ans. 

Sheep can perform executive cognitive tasks that have never 
been shown to exist in any other large animals apart from mon-
keys. ~ English zoologists Jennifer Morton & Laura Avanzo 

As quadruped grazers, intelligence is especially needed to 

forage and extract food. Social considerations may be im-

portant but are secondary. As shown with sheep, ungulates 

have social skills. 
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These cognitive abilities contrast with the apparent lack of so-
cial learning, suggesting that relatively intelligent species do not 
always preferentially learn socially. Ungulate cognition is 
mainly driven by the need to forage efficiently in harsh environ-
ments, and feed on plants that are difficult to access and to pro-
cess, more than by the computational demands of sociality.  
~ Elodie Briefer et al 

Environmental demands drive cognitive adaptation. 

From an animal's perspective, domestication is a change of 

habitat. 

The ability to learn associations between stimuli, actions, and 
outcomes, and to then adapt ongoing behavior to changes in 
the environment, is arguably one of the fundamental determi-
nants of survival. ~ Jennifer Morton & Laura Avanzo 

 

The intelligence of our evolutionary cousin, the chimpan-

zee, closely resembles our own. While we left the jungle to 

pillage the planet, chimp homesteading acumen surpasses 

ours in some ways. Chimpanzees more readily recognize the 

offspring of chimp mothers they have never seen before than 

people can of human youngsters and their mothers. 

A male chimp – Ayuma – was able to recall a random se-

ries of 9 single-digit numbers after seeing it for just a fraction 

of second. In the same test, humans are nowhere near as com-

petent. 

 Theory of Mind  

Theory of mind is the ability to attribute mental states to 

oneself and others: that desires, intentions, thoughts, and 

knowledge are mental possessions, and may diverge among 

different living beings. Theory of mind is self-awareness cou-

pled with the recognition that different self-awareness may 

exist in others. 

The evolution of a theory of mind ultimately derives from its 
role in facilitating the formation of social bonds. ~ American 
psychologist Robert Seyfarth & American zoologist Dorothy 
Cheney 
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Human infants cannot recognize their own mirrored re-

flections until they are about 18 months old. Most develop the 

ability by the age of 2. There are exceptions. Autism delays 

self-recognition. 30% of autistics never learn it, nor do many 

of the mentally disturbed. 

About the same time babies begin recognizing their own 

reflection, they start to notice that others have thoughts and 

feelings of their own. This dawning of sociality is slow to ma-

ture. Children only develop a cursory sense of theory of mind 

at 3 to 4 years of age. 

Theory of mind is the cognitive equivalent of empathy and 

is its prerequisite. Empathy is an imagined projection of an-

other's emotional state: sympathetically identifying an-

other's behavior as being in a context that one has emotively 

experienced. A creature capable of empathy interprets that 

another being may have emotional states. 

Interestingly, human babies exercise empathy long be-

fore they conceptually understand it from a theory-of-mind 

perspective. Neonate response to the sound of another's cries 

shows empathy as involving innate knowledge: an inborn 

conceptualization of distress. 

One of the striking characteristics of autism is the ab-

sence of empathy. Lack of empathy is shared by psychopaths, 

who do, paradoxically, often have an intense sense of theory 

of mind. 

Theory of mind is not directly observable. It can only be 

inferred.  

Numerous birds demonstrate theory of mind with their 

anticipation of future events and how others perceive similar 

situations. Scrub jay caching is exemplary, as is the foraging 

strategy of puffbirds, in anticipating the behavior patterns of 

army ants on the march. 

Many more animals can be credited with theory of mind 

than commonly attributed. For example, for friendship to oc-

cur, participants must cognize that the other party has a sim-

ilar interest in mind. Such understanding of intent is 

especially striking in interspecies' friendships. 
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 Dogs  

By tuning in to our feelings, dogs create an emotional channel 
between our minds and theirs. ~ American novelist and dog 
trainer Lee Charles Kelley 

Dogs do not recognize themselves in a mirror, but they do 

recognize themselves by their smell. Whether dogs possess 

theory of mind is controversial only among obtuse zoologists. 

Devoted dog owners know that their companions understand 

them, sometimes surprisingly so. 

Dogs learn words using associative mapping to physical 

objects the same way that toddlers do.  

Dogs and humans share a similar social environment. They 
similarly process social information. That might help explain 
why humans and dogs communicate with each other so readily. 
~ Hungarian zoologist Attila Andics 

Dogs classify photos of animals the same way people do, 

which means their cognitive categorization is selfsame. 

Like babies, dogs selectively imitate an action based upon 

how well the imitation works in getting to the desired goal. 

This suggests cognitive processing like human infants. 

Dogs and humans are distantly related. The last common 

ancestor dates to at least 100 million years ago, and is shared 

with shrews, hedgehogs, rodents, bats, rabbits, ungulates, 

and marine mammals, as well as all primates.  

When forbidden to take food, dogs are 4 times more likely 

to disobey in a dark room than a lit one. Which is to say that 

dogs are inclined to pilfer food when they think nobody can 

see them. This indicates that dogs can comprehend their 

owner's perceptual perspective. 

Dogs show a variety of easily identifiable emotional re-

sponses. Their faces are emotively expressive and capable of 

showing mixed emotions. Dogs bond with each other by mim-

icking emotive facial expressions. 

Dogs are exquisite readers of body language. While playing 
with another dog, a dog can read their motivation and the emo-
tional state of the other dog. Dogs' rapid mimicry is an involun-
tary, automatic, and split-second mirroring of other dogs. This 
phenomenon is present also in humans and in other primates. 
~ Elisabetta Palagi 
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Dogs at a park solicit each other to play together. If the 

prospective playmate is within sight, a dog gives a visual sig-

nal: opening its mouth wide and bowing down. If instead the 

dog is turned away, or otherwise distracted, the interested 

dog will give its friend a little nip, to get attention.  

Dogs with a stressful upbringing are subject to compul-

sive behaviors, such as tail chasing. Early childhood stress is 

known to be a factor in human compulsive behavior. 

Dogs are affected by their owners' personalities and stress 
levels. ~ American ethologist James Burkett 

Dogs have a sense of fairness and feel envy. Being left 

alone brings anxiety and may lead to depression.  

Dogs demonstrate empathy in a variety of ways. Dogs 

look guilty when scolded by their owner, even if not guilty of 

doing anything wrong (that is, the owner wrongly accuses the 

dog). This is an empathic expression, in understanding the 

emotional context that the owner has. 

 Dogs vis-à-vis Wolves  

Dogs are attentive to the cognitive state of others. So are 

wolves, who are better at picking up on social cues, even 

those from humans.  

While dogs more readily bond with other species, notably 

humans, wolves cooperate better with their own kind. Wolves 

readily imitate other wolves, but dogs do not pay close atten-

tion to conspecifics, and so do not learn well from other dogs. 

Unlike the natural cooperation of wolves, dogs have strict 

dominance hierarchies, demanding obedience from subordi-

nates. As wolves became dogs, they were bred for their ability 

to follow orders and submission to human masters.  

The difference in interspecies' attachment between dogs 

and wolves owes to their early development. Both dog and 

wolf pups develop the sense of smell at 2 weeks of age, hear-

ing at 4 weeks, and sight at 6 weeks. But the onset of their 

worldly exploration differs. Whereas wolves begin at 2 weeks, 

dogs only start at 4 weeks. 

This means that wolves are still deaf and blind when they 

start exploring. At that tender age, they rely primarily upon 

their sense of smell. 
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When a wolf pup starts to hear, new sounds are initially 

frightening. So too new sights. Those early fears settle into a 

sense of wariness that a wolf never shakes. Contrastingly, 

dogs don't start exploring until they have all their senses 

working, so they are not wary like wolf pups. Hence dogs 

more easily form a sense of attachment and feel emotional 

bonds without the unconscious caution that nags in wolves' 

minds. 

With a wolf pup, you won't get the same attachment, or lack 
of fear. ~ American zoologist Kathryn Lord 

 Defining Intelligence  

Intelligence is a fictitious entity. It has no physical existence. 
No structure in the brain or elsewhere corresponds to it. No 
standard definition of intelligence exists, and the concept means 
different things to different people. There are many kinds of in-
telligence. Intelligence is closely related to adaptability and sur-
vival. ~ American psychologist Roger Thomas 

Intelligence is a common catchword for the outcomes of 

mentation. It is a concept not easily pinned down. Merriam-

Webster's Third Unabridged Dictionary lists the following in 

its entry on intelligence: 

the faculty of understanding : capacity to know or apprehend; 
comprehension, knowledge; intellect, reason; mental acuteness 
: sagacity, shrewdness; the act of understanding; ability to per-
ceive one's environment, to deal with it symbolically, to deal 
with it effectively, to adjust to it, to work toward a goal; the de-
gree of one's alertness, awareness, or acuity; ability to use with 
awareness the mechanism of reasoning whether conceived as a 
unified intellectual factor or as the aggregate of many intellec-
tual factors or abilities, as intuitive or as analytic, as organismic, 
biological, physiological, psychological, or social in origin and 
nature.  

Intelligence has many facets, as the above definition 

points out. Yet, in reading the definition, one is naturally 

drawn to certain terms that resonate with identification, 

while others are admitted, albeit with less personal esteem. 

One's view of intelligence comes via a built-in bias: by identi-
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fying one's own sense of smarts as a basis for comparing al-

ternate definitions. Those aspects of intelligence possessed 

are cherished; other facets less valued.  

An analytic person values logic over woolly intuition. An 

intuitive person appreciates insight over tedious reasoning, 

prone to flaws by assumption. Yet, in their application to be-

havior, both are equivalent facets of intelligence. 

Intelligence has a singular foundation: understanding. 

Comprehension depends upon the quality of perception. 

Hence awareness is a critical aspect of intelligence. 

Symbolic reasoning and analytic processing – the play of 

concepts – tend to be highly valued by the intellectually in-

clined. Such are the academics, psychologists, and philoso-

phers who write on the subject.  

Bias begets abstractions as being at the apex of intelli-

gence. The pseudo-rigor of logic seems so much more robust 

than wisps of intuition. Yet, however understanding is 

achieved, its quality is selfsame. The quality of intelligence 

is in its expression.  

Appropriate action is either tautological or inscrutable to 

one who perceives it. However entertaining the exercise may 

be, trying to evaluate the derivation of intelligence is silly. 

Further, to define intelligence as mentation beyond ob-

servation renders it an abstraction, and thereby its definition 

impractical. A credible definition of intelligence must be in 

its demonstration. In other words, to be assessable, intelli-

gence must be behavioral: in decisions to stimuli, regardless 

of whether a stimulus is external (e.g., sensing food) or inter-

nal (e.g., hunger). 

Paradoxically, a preeminent challenge in defining intelli-

gence by its exhibition comes in considering the mentation 

behind the behavior. One could argue that the definition of 

intelligence is largely eviscerated by including reflexive be-

haviors, as no decision is made in their exercise. How could a 

behavior be intelligent if it is mere reflex? 

Many behaviors are biologically programmed; not as rote 

as reflexes but habitual, where behaviors outside the estab-

lished pattern are anomalous. Further, learned behavior pat-

terns often become reflexive in their exhibition: what is 
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commonly called skill, and most useful because it is practi-

cally a reflex. 

Distinguishing between biologically innate and learned 

behaviors is untenably splitting hairs if intelligence is de-

fined through expression. Besides, many behaviors are a mix-

ture of innate inclination moderated by learning. 

Regularity in exercise of a behavior certainly cannot be a 

criterion for intelligence; nor can variability. Results count. 

As such, intelligence is appropriate behavior.  

This definition of intelligence necessitates a definition of 

appropriate, which is itself a judgment call. Appropriate is a 

situational, in both immediate context and longer-term per-

spective. In this light, intelligence is relativistic, necessitat-

ing a frame of reference for its assessment. 

Action that serves self-interest in staying alive is the 

most facile biological sense of intelligence. That withstand-

ing, there is something to be said about the appropriateness 

of accepting death, as opposed to simply suffering for a bit 

more time before meeting the grim reaper. The will to live 

does not necessarily mean a rewarding experience. 

Many prey animals surrender once their fate seems 

sealed rather than struggle against the inevitable. Some-

times, such surrender opens a prospect for escape, as a pred-

ator may momentarily loosen its grip. Otherwise, a prey may 

be more quickly killed, and so its suffering minimized. Given 

either outcome, one cannot call surrender unintelligent. 

 Expectation & Purpose  

Situational awareness and contingent action are aspects 

of intelligence, as is anticipation. American psychologist Ed-

ward Tolman referred to actions showing expectation as pur-

posive behavior. Tolman sought to show that animals could 

learn facts that they would subsequently adaptively employ. 

Purposive behavior encapsulates anticipation. Expecta-

tions that are met reinforce behaviors. Conversely, expecta-

tions unmet sound a sour mental note. Rats successfully 

navigating complex mazes show confusion and disappoint-

ment at not being rewarded when that is what they have 
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come to expect. So too our experience in navigating the com-

plex maze of our world. 

Herein lies a paradox. While goal-directed behavior is of-

ten prima facie intelligent, and expectation as part of goal-

directed behavior natural, expectation has a counter-intelli-

gent element, as it presumes certainty for what can ever only 

be probabilistic. That withstanding, goal orientation simply 

does not exist without expectation. 

If intelligence is measured by success, then its story can 

only be told in outcomes; which means that one cannot judge 

the intelligence of a behavior without knowing its result. A 

seemingly self-defeating behavior may be construed as intel-

ligent if all turns out well, and vice versa.  

The context of outcome is tricky, as it involves a temporal 

perspective. Selfish short-term gains may be short-sighted: 

stupid disguised as smart. Further, focus on outcome clouds 

the satisfaction that may come with the effort expended, ir-

respective of result. 

The journey is the reward. ~ American computer marketeer 
Steve Jobs 

Historically, evolutionary biologists have struggled to ex-

plain behaviors as intelligent that are not apparently self-

serving. To Darwin and his ilk, altruism was the great buga-

boo. Enlarging the frame of reference from self-interested 

survival to kin selection was an obvious step. Further infla-

tion of self-interest to group interest (inclusive fitness) ex-

plains behaviors as intelligent that benefit individuals not 

related to an organism, but which an organism has a rela-

tionship with, including behaviors that may be beyond calcu-

lation of reciprocity.  

Evolutionary biologists have ignored a most important 

driver of altruism. For the socially inclined, sharing feels 

good: an intrinsic satisfaction that defies outcome-oriented 

'rationality'. 

Rationality should be thought of as maximizing fitness. Typi-
cally, we think having many individual options, strategies, and 
approaches are beneficial; but irrational errors are more likely 
to arise when individuals make direct comparisons among op-
tions. ~ American biologist Stephen Pratt 
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Expanding the 'rational' frame of reference to its fullest, 

intelligence is demonstrated in behaviors that support life 

from a long-term perspective; in a word, sustainability. A 

population that dims the prospects of its future generations 

to survive can hardly be called intelligent, however cunning 

or creative its behaviors may appear in the instant. From this 

perspective, in generating a mass extinction event on a global 

scale, the much-vaunted intelligence of men is denigrated to 

sheer stupidity. 

 

All organisms are biologically programmed with desires 

that promise fleeting satisfaction. The urge for offspring is 

exemplary: one which conventional evolutionary biologists 

would spuriously appraise as paramount in the scheme of 

life's activities. However natural it may be, breeding (or its 

attempt) is commonly taxing and can diminish a creature's 

quality of life.  

While offspring notionally increase life satisfaction for 

mothers (and fathers) who care for their brood, the picture 

otherwise is often mixed or negative. Many animals are 

thwarted in their attempts to breed. Parenting itself is not 

always psychologically salutary; whence the strong innate 

urge. 

Breeding is exemplary of other desires which can be su-

perfluous to thriving. Better not to want and take what 

comes. Expectation is a formula for disappointment.  

If achievement is the goal of intelligence, acumen appears 

to be a crap shoot, as causality is often out of one's control. 

On this count diligence can trump intellect. If satisfaction is 

instead the aim, the discarding of desires is the most intelli-

gent thing an organism can do: to do only what is necessary 

and otherwise simply savor being alive. 

 

Sociality engenders a faculty for shrewdness, as assessing 

and maintaining relationships is mentally demanding. That 

withstanding, the tasks of everyday living demand problem-

solving and planning regardless of others being involved. 
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Intelligence shows itself in every facet of living: sophisti-

cation in communication; nuances in social behavior; strata-

gems of predation, and its mirror: predator avoidance and 

evasion; and physical manipulations of the environment, 

such as tool use and construction.  

 Savvy  

All organisms perceive the world and apply cognitive 

power to deal with it. That power is considerable and con-

founding if expecting physical brains to correspond to mental 

prowess. 

There is no single locus in the fly brain for memory for-

mation, yet vinegar flies have apt spatial memory for their 

environment. Besides a mental 3D map, vinegar flies can re-

member the sizes, shapes, and colors of objects.  

When faced with an uncertain situation, vinegar flies 

deliberate. Decision-making in flies and humans is selfsame. 

The brain is neither the source of awareness nor intelli-

gence. This myth is perpetrated by matterists who refuse to 

recognize the obvious fact that the consciousness-mind-body 

complex is energetic in its coherence, and so not subject to 

material inspection beyond the least interesting bits. The sci-

ence of life is much more mysterious and intriguingly deep 

than mere meat and matter. 

The multi-layered mammalian cortex is not required for com-
plex cognition. Absolute brain weight is not relevant for mental 
abilities, either. ~ Turkish psychologist Onur Güntürkün 

Brain size is nonindicative of intelligence. Instead of con-

tributing cognitive power, big brains may just provide sup-

port for bigger bodies which have more to coordinate and 

more sensory input to process. 

Insects make the point. With tiny brains, insects count 

and categorize objects; judge the direction and speed of mov-

ing objects and respond accordingly. Some, such as house-

flies, do so instantaneously. That is a lot of mental processing 

power on display. 
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 Houseflies  

A housefly is hard to swat. The tiny hairs on 

its body sense air currents, allowing instant re-

sponse based upon recognized wind direction.  

Antennae also detect air changes. In flight, 

by detecting wind gusts, antennae are used to regulate flight 

speed.  

With 4,000 lenses (ommatidia) in each compound eye, a 

fly has a constant mental representation of practically every-

thing around it. Its visual range is a couple of meters, which 

is better than average for an insect. 

Like other insects, houseflies have dichromatic color vi-

sion. While they do not see the low frequency that represents 

the color red, flies are able to detect polarization.  

Polarization sensitivity helps a fly detect slight changes 

in light quality. An emerging shadow is readily sensed by po-

larization change. 

While a fly does not get a clear picture, it is especially 

adept at detecting movement; whence the skittishness of 

flies. 

Sensing a threat while in the air, a housefly can flip itself 

in the opposite direction within a few wing beats by moving 

its body in an evasive maneuver while adjusting its flight tra-

jectory. Flies can beat their wings over 300 times per second.  

Flies do a precise and fast calculation to avoid a specific 
threat, and they are doing it using a brain that is as small as a 
grain of salt. They process information so quickly. Flies' nervous 
system and muscles are able to control movements to a very, 
very fine scale. ~ Dutch biomechanist Florian Muijres 

 Fruit Fly Song  

Male fruit flies are using information about their sensory en-
vironment in real time to shape their song. ~ American molec-
ular biologist Mala Murthy 

A male fruit fly courts a female by chasing her. In pursuit, 

he sings to her by moderating his wing vibrations.  

A male adjusts the pitch and tempo of his mating song 

specifically to the selected female. The faster and farther 
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away she is moving, the louder he sings. Upon catching up, 

the serenade is softened to a sensitive ballad. 

These fly songs have a lot of variability. He measures his dis-
tance to the female and uses information about her speed to 
determine exactly how to pattern his song. ~ Mala Murthy 

 Fighting Damselflies  

Even animals with simple nervous systems, such as damsel-
flies and other insects, may exhibit complex assessment strate-
gies ~ Brazilian entomologist Rhainer Guillermo-Ferreira 

Damselflies, the gracile cousin to 

dragonflies, have been around for at 

least 250 million years. In that time 

they have learned how gauge their 

prospects. 

Male damselflies engage in aerial 

battles to secure the best territory and 

mates. Before entering these energy-consuming exercises, 

they take stock of who they are up against. Damselflies con-

sider various strategies and tactics as they take on challeng-

ers of different strengths.  

To assess an opponent's vigor, they first take into account 

wing size and pigmentation, which indicates power. Strong 

males tend to overcome weaker opponents through tactics 

that are less energy-taxing but more aggressive: chasing, 

grabbing, and biting. 

Facing an opponent of equal strength, damselflies limit 

their odds of injury by going head-to-head in aerial display 

flights that are longer and more intense. This stamina 

strategy aims at wearing an opponent down through 

repeated forays.  

In mid-fight, contestants regularly pause to assess the 

situation and decide whether it is worthwhile to press on.  

Threat displays of increasing difficulty intensify when the 

other shows strain. A bested damselfly withdraws, mentally 

defeated. 
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 Mantis Shrimp  

It used to be taken for granted that individual 
recognition was impossible for invertebrate ani-
mals. ~ American zoologist Donald Griffin 

The 400+ species of mantis shrimp are 

heavy-hitting predators: marine crustaceans 

with appendages that serve as clubs or spears 

(in scientific parlance: smashers and spearers), 

depending upon species.  

To avoid predation, mantis shrimp reside in 

cavities and burrows in coral reefs. Home is where mating 

and egg-rearing occur, not to mention a great place from 

which to stage ambushes.  

Prime cavities are worth fighting over, which mantis 

shrimp do; but mantis shrimp fighting is mostly ritualized 

gesturing and posturing. Although mantis shrimp could seri-

ously injure each other, they seldom do.  

Fighting drains energy. Repetitious battles would be ex-

hausting. Hence the ritualized combat, where the likely vic-

tor in a real fight prevails in the mock version.  

To top off the adaptation, mantis shrimp can recognize, 

by chemical cue, other individuals they have encountered. A 

shrimp avoids the cavity of another that has defeated it, but 

readily enters the abode of a vanquished foe. Each shrimp 

earns a reputation. 

 Coral Trout  

Trout recruit a moray collaborator more often when the situ-
ation requires it, and quickly learn to choose the more effective 
individual collaborator. ~ English zoologist Alexander Vail 

Coral trout are a marine piscivore native to the western 

Pacific Ocean. The live in the open seas and around coral 

reefs. 

Juveniles are fond of prawns. Adults consume a variety 

of reef fish, with an especial yen for damselfish. 

Coral trout do well chasing prey above a reef or in open 

water but cannot pursue their quarry if it buries itself in a 

reef crevice. 
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If a prize looks like it needs to be pried from its hiding 

place, a coral trout may enlist a local moray eel to aid the 

quest. Either the eel takes the prey in the reef or scares it 

back into the open where the trout can pounce. 

Coral trout use gestures and signals to flag the location 

of a prey to an eel, including head shakes and headstands 

that point the eel in the right direction.  

The eel must of course cooperate in the effort. Some are 

more willing than others, depending upon how hungry an eel 

is at the moment. Coral trout are as capable of chimpanzees 

in choosing the right cohort. 

A relatively small brain does not stop some fish species from 
possessing cognitive abilities that compare to or even surpass 
those of apes. ~ Alexander Vail 

 Irukandji Jellyfish  

This species is small, less than 2 centimetres across the bell. 
They’re 96% water. They lack a defined brain or central nervous 
system. ~ Australian zoologist Robert Courtney 

Jellyfish have a gelatinous bell, shaped like 

an umbrella, trailing tentacles. Jellyfish are the 

oldest multiple-organ animal, having been in the 

oceans for 700 million years. There are ~2,000 ex-

tant species. 

Lacking an identifiable intelligence system, 

jellyfish have been considered opportunistic 

grazers. But some are smarter than that. 

Irukandji jellyfish do not passively graze. They deliber-

ately fish.  

The tiny Irukandji jellyfish is extremely venomous: a 

single sting of its paralytic toxin can kill a man. Their 

stingers (cnidocyte clusters) look like a series of evenly 

spaced bright pearls, running out 1.2 meters. A jellyfish 

twitches its tentacles as a fishing lure, to attract attention. 

They're targeting and catching fish that are at times as big as 
they are and are far more complex animals. ~ Robert Courtney 

This aggressive mimicry pays off. Larval fish take the 

bait and are instantly stung. Then they are brought back to 

the bell and consumed. 
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It's a highly successful fishing strategy. ~ Robert Courtney 

Irukandji jellyfish fish by day. At night, they contract 

their tentacles to within 5 cm from their bell, with their 

cnidocyte clusters bunched up. The jellyfish do this to con-

serve energy, as their visually oriented prey are less active 

after dusk. 

 Collective Intelligence  

All animals are subject to cognitive overload: too much in-

formation upon which to decide. Factor analysis becomes 

more difficult when factors pile up. 

While easy decisions may be better made by individuals, 

collective intelligence surpasses the ability of any individual 

when a larger data set needs to be considered.  

There is also the aspect of convergence to statistical nor-

malization with collective intelligence, as outliers are 

smoothed. Averaging human estimates, such as guessing the 

number of beans in a jar, tends to converge to the correct an-

swer with more guesses. 

Many bird species fly in flocks. Some populations do so for 

the sheer fun of it: soaring in near unison with friends and 

family. 

There is no leader in a flock. A bird within may decide it 

is time to turn and neighbors join in. The decision propagates 

like a wave, at a speed that depends upon how parallel the 

birds' paths are.  

When difficult decisions need to be made, social insects 

invoke collective wisdom, and decide together. 

 Insect Colonies  

Individual insects compare options and make decisions 

all the time, but some things are hard to figure. Social insects 

have a significant advantage when making decisions that af-

fect a local population. 

Big decisions that affect the colony are left to the colony. 

For a new nest, honeybees and ants display collective wisdom 

in picking a site.  
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A colony can wisely decide between 2 locations even if no 

single member has been to both sites. The enthusiasm that 

scouts display for a specific site weighs heavily in the deci-

sion. That especially makes sense since all involved have the 

same criteria in mind. 

 

 Rock Ant Real Estate  

Whereas humans are subject to housing bubbles, rock 

ants are rational real estate mavens. They continually moni-

tor their neighborhood to know when new homes are availa-

ble. Moreover, their search effort is attuned to the quality of 

the nest they currently inhabit. They put more effort into 

finding new digs when they are in a poor one, and conversely 

search less when living luxuriously.  

Rock ants teach one another using tandem running: a 

learner provides interactive feedback to the teacher that it is 

following. Tandem running is a typical way of telling another 

rock ant the location of a food source. 

 Fish Shoals  

Large shoals of fish often move fluidly as a collective.* 

Individuals concentrate on keeping close while maintaining 

a certain personal space from other fish. 

Spacing between fish is important in shoals. If a shoal be-

comes overcrowded, chaos sets in, as each animal cannot de-

termine a safe direction.  

Shoal leadership is efficient, regardless of shoal size. A 

relative few individuals in a shoal decide where to feed or how 

to flee. The precise dynamics of this follow-the-leaders swarm 

intelligence are not fully understood. 

 Construction  

The building of structures by animals is ubiquitous. ~ Amer-
ican zoologist Scott Turner 

 
* Whereas a school of fish are of the same species, a shoal of fish 

stay together for social reasons. 
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Animals are not the only home builders. Construction has 

an ancient lineage going back billions of years.  

Some bacteria create calcified shells for protection. One 

seaborne cyanobacterium builds an internal skeleton as a 

ballast assist. 

The bacterium that causes Legionnaires' disease hides 

from its host cell immune system by building a vacuole (bub-

ble) in which the bacterium resides. The bacterium jiggers 

host proteins to divert raw materials for the construction pro-

ject. 

The bacterial proteins use the cellular membrane proteins to 
build their house, which is like a balloon: it needs to stretch and 
grow bigger as more bacterial replication occurs. The mem-
brane material helps the vacuole be more rubbery and stretchy, 
and also camouflages the structure. The bacteria are stealing ma-
terial from the cell to build their own house and disguising it so 
that it blends in with the neighborhood. ~ Chinese biologist 
Zhao-Qing Luo 

Protozoa build protective shells (termed tests) by secret-

ing material from their cell surface. For fortification, the 

marsh-dwelling amoebozoa Difflugia adds swallowed sand to 

its shell. During budding or fission, material is passed into 

the daughter, where it is joined by organic cement. The result 

resembles a tiny croquette. 

Plants are the consummate constructors. Once estab-

lished on land, their lush, verdant municipalities beckoned 

arthropods, the pioneer land animals.  

 

Bristle worms are ancient segmented sea worms that 

have adapted to extreme ecological niches: some living in the 

coldest ocean abyssal plain, while others tolerate the heat of 

hydrothermal vents. Bristle worms on the ocean floor bur-

row. 

Crabs dig burrows too. Some fiddler crabs add hoods to 

their burrow entrance as an adornment to attract females for 

courting. 

Numerous fish species build nests to shelter their eggs, 

including the large freshwater frankfish, which uses floating 
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vegetation to form a corridor leading to a cul-de-sac end 

where eggs are laid.  

Octopi are often home builders, improving chosen rock 

crevices that serve as shelter; excavating the cavity by re-

moving sand and stones; bringing stones, shells, molted crab 

claws, and other ornaments, even bottles, to partly block the 

entrance. 

 Caddisflies  

Small, moth-like caddisflies got their start in the Triassic 

period, over 200 million years ago. Now there are 12,000 

known species.  

Adults live but 1 to 2 weeks, having spent weeks, or even 

months, in a freshwater pupa stage. As larvae, they wrap 

themselves in cases from selectively cut materials, held to-

gether by secreted silk. 

Larvae scurry on the sandy bottom of the water body 

where they live, collecting material. Sometimes a larva will 

take over an empty case, adapting it as it sees fit. An abode 

is supplemented as a larva grows. 

Caddisfly case construction reflects a larva's personality. 

Different larvae have decided preferences for different mate-

rials, whether plant stems or tiny pebbles. 

Caddisfly larvae have a specific sense of how they like 

their home to look. If the jagged contour of an outer edge is 

smoothed away by a pesky human researcher, a larva 

straightaway acts to rectify the intrusion: collecting fresh 

material and cutting it just so before gluing it into place to 

cover the defect. 

One caddisfly, Macronema transversum, builds an elabo-

rate chambered case, with well-ventilated flow, and a mesh 

net to catch food. In its complexity, M. transversum's crea-

tions rival the nests of many birds.  

These insect larvae thus exhibit a considerable degree of ver-
satility, not only in the initial construction of their cases, but in 
repairing them. ~ Donald Griffin 
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Disparate insects construct a tremendous variety of nests 

or shelters. Wasps, hornets, bees, and termites are the best 

known.  

Ant colonies are elaborate structures. Ants are also able 

to improvise in their constructions.  

Facing a flood, ants build rafts, using both the buoyancy 

of the brood and the recovery ability of workers to minimize 

injury or death. Workers protect the queen by placing her in 

the center of the raft. Conversely, the youngest colony mem-

bers, which are considered the most expendable, are put in 

the most vulnerable positions. The brood are most buoyant, 

and so they form the base of a raft.  

 Spiders  

Spiders descended from a scorpion-like ancestor 380 mil-

lion years ago. By 300 MYA spiders were in their modern 

form, albeit with much evolutionary potential in front of 

them. All spiders are carnivorous. 

Although many spider species have a wide distribution 

around the world, most live within a specific habitat, having 

optimized to living in a niche environment. 

Today's spiders are sorted into 3 families. The most basal 

are the Liphistiidae. Found in Southeast Asia, China, and 

Japan, these nocturnal, medium-sized spiders live for many 

years in tube burrows with trapdoors constructed on top. 

The Mygalomorphae appeared during the Triassic, over 

200 MYA. Mygalomorphs are hairy and typically heavily built, 

with large, robust 'jaws' (chelicerae) and fangs. Tarantulas 

are in this group, as are "trapdoor" spiders, which are distant 

relatives to liphistids. 

Over 90% of today's spider species are Araneomorphae 

(aka Labidognatha), which arose toward the end of the Car-

boniferous, ~300 MYA. These "true spiders" have fangs which 

oppose each other and cross into a pinch. By contrast, taran-

tulas and their close kin have parallel fangs. Araneomorphs 

include jumping spiders, cursorial (running) wolf spiders, 

sheet-weaving dwarf spiders, and the orb-weavers. 

Wolf spiders are exemplary of daylight hunters. They vis-

ually locate prey and run it down. Many wolf spiders are like 
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cheetahs chasing antelope, with the odd jump thrown in from 

time to time. Jumping spiders are more ambush oriented, 

and leaping captures are common. 

Wolf and jumping spiders aside, most spiders are short-

sighted. Spiders have exquisite tactile senses related to phys-

ical vibrations, including sound. Spiders are also pressure, 

humidity, and temperature sensitive. 

Through extensive tactile contacts, spiders create a men-

tal map of their surroundings. Webs rebuilt in the same place 

require less exploration to establish the best anchor points. 

 Spider Brains  

Though tiny, spider brains are big relative to their body 

size (compared to large-bodied animals). A spider's central 

nervous system is made up of 2 incomplex nerve cell clusters 

(ganglia). 

The skillful acumen of spiders, including their ability to 

learn, is an apt illustration that intelligence is not housed in 

a physical substrate. While animal minds are linked with 

brains when they exist, nerve and glia cell activity is coinci-

dental, not causal. 

 

The web functions as an extension of the spider's exquisitely 
tuned sensory system. ~ Canadian zoologist Catherine Scott 

Spiders have been weaving orb webs for ~200 million 

years. Not all spiders build webs, nor are webs built just to 

catch prey.  

In the Early Devonian period, when moving from the wa-

ter to the land, spiders started producing silk to protect their 

bodies and eggs. The practice gradually turned to hunting: 

first guide and signal lines, followed by ground and bush 

webs. Then spectacular aerial webs became popular.  

Whereas speciality silks independently evolved, as did 

novel web designs, the various snares spiders use probably 

derived from a single original scheme. 
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 Spider Silk  

All spiders spin silk via glands that produce custom 

blends of proteins with distinct motifs that impart the perfect 

properties for intended use. The silks emanate from the ab-

domen through spinnerets. Most spiders have 6 spinnerets, 

though some have 2, 4, or 8. 

Spider silk is comprised of proteins with blocks of recur-

ring alanine and glycine amino acids. Alanine blocks typi-

cally pack together in tiny, dense crystals. These are 

separated by amorphous regions of glycine. Combinations of 

the proteins and amino acids are precisely arranged in dis-

tinct motifs which gives silk its elasticity and toughness. 

Spider silk is a unique material: lightweight and stretchy 

yet stronger than steel. Its production is a chemical engineer-

ing marvel.  

The proteins (spidroins) from which silk is spun are 

stored at extreme solute concentration in a gland in a spider's 

abdomen. Spidroins have a helical and unordered structure 

when stored in silk glands. When converted to silk, that 

structure changes completely, to one that confers a high de-

gree of mechanical stability while being supple.  

When a spider wants to spin silk, spidroins pass through 

a canal where they are converted to gossamer by lowering pH 

from 7.6 to 5.7 via enzymatic action within the duct.  

Silk fabrication happens with water as a solvent at ambi-

ent temperature within fractions of a second. The phase 

change – from solute to solid fiber – is only possible owing to 

the nature of spidroin. Spider silk dries via mechanical pull-

ing, not evaporation. 

Spidroins are large proteins – up to 3,500 amino acids – 

that contain mostly repetitive sequences. The most im-

portant bits for conversion into silk are at the terminal re-

gions, which are unique to spider silk and are selfsame 

among different spider silks. 

One spidroin end pairs up with other molecules at the be-

ginning of the duct, stabilizing as acidity intensifies. Mean-

while, with increased acidity, the other end unfolds to trigger 

rapid polymerization of the spidroins. 
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The result is a fiber that contains regions of crystalline 

and noncrystalline β-sheets, giving silk its unique properties. 

A β-sheet is a somewhat uncommon protein structure that 

forms a twisted, pleated sheet at the molecular level. 

Spiders use different gland types to produce different 

silks. Each silk type serves a different purpose: a slick silk 

safety line, sticky prey-trapping silk, or fine wrapping silk. 

Some spiders can make up to 8 different silks.  

The qualities of the various silks vary by amino acid 

content. From a mechanical perspective, spider silk varies in 

having different soft amorphous and strong crystalline 

components.  

The tensile strength of spider silk exceeds that of steel at 

equivalent weight, with much greater elasticity. Spider silk 

conducts heat better than most metals.  

Spider silk averages around 3 microns thick. A human 

hair is 20 times thicker (60 microns). 

When twisted, ordinary fibers typically spin back and 

forth around an equilibrium point, eventually returning to 

the original orientation. Not spider silk, as such uncontrolled 

spinning at the end of a dropline could cause real problems 

for a spider making a descent. Instead, spider silk deforms 

when twisted, cutting down on back-and-forth spinning. 

A permanent torsional deformation in spider dragline silk oc-
curs after even small torsional strain. This behaviour is quite dif-
ferent from other materials. Spider dragline silk displays a strong 
energy dissipation upon the initial excitation (around 75% for 
small strains and more for a larger strain), which correspond-
ingly reduces the amplitude of subsequent oscillations around 
the new equilibrium position. ~ Chinese physicist Dabiao Liu 
et al 

The upshot is that spider silk is wondrously designed to 

allow a spider to steadily descend and dangle on its spun line 

without untoward spin. 

The requirements for spider silk seem almost impossible but 
are achieved by silk's amazing microscopic structure. ~ English 
arachnologist Paul Hillyard 
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 Spider Webs  

Most spiders have poor eyesight and rely almost exclusively 
on the vibration of the silk in their web for sensory information. 
~ English zoologist Beth Mortimer 

Spider webs are careful constructions, built with acoustic 

properties in mind. Spider webs sing siren songs. The unique 

sonic properties of a web attract flying insects, whose curios-

ity lands them in a sticky situation. 

Spider silk transmits vibrations across a wide range of 

frequencies. From the sound of a plucked strand, a spider can 

know the type of prey on the web, the quality and intentions 

of a prospective mate, and even the web's structural integ-

rity. Spiders receive nanometer vibrations with organs on 

each of their legs – slit sensillae – which amplify the delicate 

web information. 

Spiders set out to make a web that 'sounds right'. ~ Beth 
Mortimer 

Whereas a web made of threads with the same diameter 

better bears force applied at a single point, such as the im-

pact of insects hitting the web, non-uniformity can withstand 

more widespread pressure, such as from wind, rain, and 

gravity. 

Carefully calibrated amounts of material are employed to 

capture insects of different sizes. A spider optimizes a web's 

strength for its anticipated prey, and to account for environ-

mental conditions.  

Spider webs evolved in their sophistication. Earlier web 

types were more disordered, such as tangle webs, to which 

sheet webs were a step up. The epitome of spider web con-

struction is in orb webs. Orb webs consist of 3 structural ele-

ments: strong framework threads, strong radial threads 

which converge at the center, and elastic capture threads 

which spiral around and are beaded with sticky deposits. 

Some orb-weaving spiders decorate their webs with addi-

tional, conspicuous designs known as stabilimenta. Stabili-

menta independently evolved at least 9 times. Though 

scarcely understood by arachnologists, these decorations are 

communication devices with various intentions depending 

upon species. 
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Spiders create their webs so that portions may be dam-

aged but the web as whole stays intact: sophisticated fault 

tolerance. 

This is a clever strategy when the alternative is having to make 

an entire, new web. ~ American biomechanist Dennis Carter 

The large Australian golden orb weaver incorporates de-

caying plant and animal matter into its web. This sit-and-

wait predator attracts insects using the odor of the debris. 

The spider replenishes rubbish bits as necessary to keep the 

scent at its most alluring.  

 

Tarantulas can produce silk from their feet as well as 

their spinnerets. Foot silk gives tarantulas better cling to 

surfaces, which is especially useful for this exceptionally 

large arachnid. 

 

Flowers take advantage of electrostatic forces to engender 

pollination and communicate with pollinators. Through their 

webs, spiders also enlist rascally electrons to help capture 

prey. 

Insects acquire an electrostatic charge by flying or walk-

ing on charged particles. The glue that coats cobwebs electro-

statically enlivens threads to grasp at the charged creatures 

that come close. 

 Darwin's Bark Spider  

Darwin's bark spider spins webs across rivers and small 

lakes in Madagascar. Orbs may span 2.8 square meters. Silk 

bridges may run 25.5 meters.  

Their web construction techniques are unique, as is their 

silk, which is the toughest natural material known: twice as 

strong as other spiders' silk.  

Despite spinning large, bark spiders are not looking to 

nab big prey: only semiaquatic flying insects; but in large 

numbers. These huge webs may catch 30 bugs at a time. 
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Darwin's bark spider weaves the largest web of any single 

spider. Some spiders collaborate to weave interlaced webs 

that cover hundreds of meters.  

Though web catching saves the bother of hunting, spin-

ning silk and weaving webs take energy too. Webs wear eas-

ily. A Darwin's bark spider typically eats part or all of its web 

daily and recycles the silk proteins. The webs of bark spiders 

are extensive enough that the spiders maintain them, but for 

less than a week, and then they are replaced. 

 Common House Spider  

The common house spider has uncom-

mon cleverness in its web construction. 

While the spider uses the same glue on its 

silk, it applies the glue differently, depend-

ing upon whether its web is intended to catch flying or crawl-

ing insects. The velocity of flying insects requires reinforced 

attachment. 

The common house spider is thoroughly domestic. A male 

and female often share the same web for extended periods. 

Several females may make webs close to each other. But 

they retain a sense of territoriality and are prone to fight if 

they encounter one another. 

Otherwise, house spiders are not aggressive. They are in-

stead quite skittish: afraid of larger foes and inclined to hide 

if their web is unusually disturbed.  

If spooked, a house spider will flee down a silk escape line. 

If cornered, as a last resort, a house spider may feign death. 

 Triangle-Weaver Spider  

This spider uses its web like a catapult. ~ American zoologist 
Sarah Han 

The triangle-weaver spider constructs a triangular web. 

It sits near the web's vertex, holding that section of the web 

taut like a bowstring until it senses a prey upon the web. The 

spider then releases the tension, propelling that part of the 

web, and itself, at high speed toward the prey. The target is 

entangled in the propelled web. If not hungry at the moment, 
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the spider wraps the capture in a special wrapping silk for 

later consumption. 

The triangle-weaver is not the only spider to manipulate 

silk strand tension in a web to attack and subdue prey. Many 

orb spiders do so for prey that otherwise escape quickly. The 

ray spider pulls its web into a cone, releasing it in a similar 

manner to the triangle-weaver. Tangle web spiders construct 

sticky, gumfooted threads that are held under tension and 

which sometimes lift prey into the web through springy scaf-

folding silk. 

Using a constructed device as a power-amplified weapon 

offers several advantages over internal mechanisms. The tri-

angle-weaver's leg-over-leg loading of the web over repeated 

cycles of muscular contraction lets the spider store enormous 

elastic energy per unit muscle mass, amplifying physiological 

limits. Such a system operates analogous to the ion and wa-

ter pump-driven systems that power the carnivorous traps of 

bladderworts and stinging nematocyst cells of cnidarians, but 

at a much larger scale.  

The iterative loading allows the spider to precisely regu-

late web tension and stored energy as needed, enabling the 

rapid accelerations and range of motion that successfully 

jerks silk around intended targets.  

The system lets a spider interact with prey from afar, re-

ducing the risk of bodily damage from potentially dangerous 

insects, and triggering the tangling process immediately af-

ter prey contact the web. 

 

Spiders avoid getting stuck in their own sticky webs with 

specific adaptations. Spiders work and walk on webs in a way 

that minimizes adhesive forces, and their legs are covered in 

branching hairs that have a non-stick coating. 

 

Webs are a wondrous way to earn a living, but the life-

style is limiting. There was a burst of diversification ~100 

MYA, as ground-dwellers, such as wolf and jumping spiders, 

abandoned the chore of spinning and maintaining webs to 

take up more ambitious ways of snagging prey. 
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Spider senses attuned to their lifestyle. These spiders 

have keen senses of touch and smell, hear quite well, and can 

sense atmospheric electrical charges. Wolf spiders have ex-

cellent eyesight, whereas many others are nearsighted. 

 Bolas Spider  

A bolas spider spins silk but it doesn't weave a web. In-

stead, it slings a silk strand across a gap, where it waits, dan-

gling a sticky gob from one leg.  

Moths are something of a rare treat for web spiders, as 

moths' scaly wings let them slip out of spider webs. A bolas 

snags moths when they are most vulnerable: on the hunt for 

love. The spider separately releases the female sex phero-

mones of 2 different moths precisely when they make their 

nightly flights. A male flies by, catches the scent, and comes 

in close for a mating session. Instead, the spider swings his 

lasso and snags dinner. Specializing in multiple moth species 

with different time schedules is quite a trick. 

 Water Spider  

The water spider lives nearly all of its life underwater, 

including resting, catching and eating prey, mating, egg lay-

ing, and overwintering. Water spiders wait for prey to swim 

past their air-bubble home, then 'invite' them in as a meal. 

The water spider is endemic to mainland Europe, northern 

Asia, and the British Isles, residing in ponds and other rather 

still bodies of water. 

This spider is also called the diving bell spider, as it 

builds a silk-based structure which it stocks with air carried 

down from the surface to form a livable bubble. The silken 

support is anchored to a submerged water plant. Young spi-

ders do not build air bells – instead taking over empty snail 

shells which they fill with water. 

Capturing air bubbles on the surface is nontrivial. Using 

a complex movement, a spider traps a bubble using its hind 

legs and rear of the abdomen. After the first air load is put 

into place, a spider spends time extending and strengthening 

a nascent bell before adding more air. A half-dozen trips are 

typically needed to stock a home bell with enough air. 
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Several spiders travel on the breeze. Buoyed by air cur-

rents, they soar 4 or more kilometers high in the sky. These 

arachnids lift a front leg to sense wind speed and electrical 

potential, letting them know when it's an apt time to fly. 

Perched at a suitable high point, they form a silk parachute-

glider and balloon away. 

At the mercy of the wind, ballooning spiders run the risk 

of landing on water. They do so with aplomb. 

Spiders actively adopt postures that allow them to use the 
wind direction to control their journey on water. They even 
drop silk and stop on the water surface when they want. ~ Jap-
anese invertebrate zoologist Morito Hayashi 

 Antlions  

Antlions and wormlions are wily predators that produce 

pits of doom. They dig inverted cones in loose soil; then wait, 

buried at the bottom, for dinner to drop in; typically, ants. Pit 

shapes vary depending upon soil.  

A drop-in meal is seized by the mandibles and poisoned 

before consumption. Sometimes an ant isn't grabbed on the 

1st attempt. An antlion may then toss sand grains the vic-

tim's way, making the slope a bit more slippery. 

The Florida antlion crafts a custom cone, shaped to facil-

itate falling in and not crawling back out. The steepest chute 

is lined with fine sand grains. 

An antlion is not beyond improvisation. 2 antlions dug 

pits so close together that an intended insect victim fell into 

one pit, escaped, then fell into the next. The 1st antlion pur-

sued its prey into its neighbor's pit.  

An antlion larva has no mouth. This keeps grit out. 

Antlion larvae get their nutrition in liquid form. An ant-

lion stabs its prey with its mandibles, whereupon it injects 

venom and digestive juices. It then sucks the resultant ant 

juice through its mandibles. 

An antlion larva has no anus. It can urinate, but solid 

wastes build up until adulthood, when the gut grows an exit.  
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A larva's digestive tract dead-ends partway through its 

body. Hence, it is imperative to not eat grit, nor try to make 

a meal of anything indigestible. 

Carcasses are flung out of the pit to lie around the rim. 

This does not discourage business. Quite the contrary. Dead 

bodies act as advertising. Curious ants come see what hap-

pened to comrades. Some fall to the same fate. 

Only antlion and wormlion larvae dig pits and have di-

gestive difficulties. With their long lacy wings, adults look 

like damselflies. By comparison to their younger selves, 

adults live innocent lives. 

 Skink Mansions  

Cooperative behaviour and social aggregations are relatively 
common in many animal groups, but rare in lizards.  
~ Australian zoologist Steve McAlpin et al 

Many animals build homes for their families. Lizards 

were long thought an exception, but some are ambitious ar-

chitects. 

The great desert skink of western Australia constructs an 

elaborate, multiple-tunnel burrow and lives there for many 

years with his family. Several generations participate in the 

construction and maintenance of the compound.  

Females stay home where the children tend to hang out, 

sometimes with friends. 60% of their spouses are faithful 

husbands – a rare fidelity for lizards. 

For adults to invest so much in a home within which kids 
mature, it makes evolutionary sense that these adult individuals 
are sure that they are providing for their own offspring.  
~ Australian zoologist Adam Stow 

 Bird Nests  

Constructing a nest is a central experience in a bird's life.  
~ American ornithologist Lester Short  

Many birds build nests. The commonly-held assumption 

has been that nest-building is an innate ability. It is not. 

While the urge may be inborn, birds must learn to build 

nests, becoming more skillful with practice.  
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Birds choose building materials that camouflage their 

nests. This includes selectively incorporating strategic 

amounts of contrasting colors, which provides a disruptive ef-

fect: breaking up the outline of the nest to help conceal it.  

Birds are conscious of hygiene when building. They line 

their nests with vegetation that deters parasites. Urban 

birds sometimes use cigarette butts for that purpose. 

Despite their efforts at exclusion, birds are never alone in 

their nests. Their constructions are small ecosystems, provid-

ing optimal conditions for a diverse community of tiny crit-

ters who use bird nests as a shelter, foraging site, and home 

to rear their own offspring. 

While some unintended nest visitors are trouble, others 

are downright helpful. Fly larvae act as housecleaners by for-

aging on feces and uneaten food. The enhanced hygiene from 

this waste removal benefits chicks. 

Bird nests often appear simple. They are nothing of the 

sort.  

A single male bird, interested in attracting a mate, must 

carefully construct a suitable nest from available materials. 

This requires fitting pieces to create a remarkably sturdy 

structure and keep it in good repair with economical effort. 

Village weavers are exemplary. 

 Village Weavers  

The 1st step in making a village weaver nest is being able 

to tear off a 25–38 cm strip of 

grass. This is smartly done by 

perching on a stalk, biting through 

one edge of the grass blade, then 

flying with it in the direction of the 

tip. Doing so takes practice. Young 

birds tend to tear a strip in the 

wrong direction or cut strips too 

short. 

The quality of grass matters. 

Green grass has the right mois-

ture, strength, and pliability. Dry 

grass won't do. Appreciating this must be learned. 
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A yearling village weaver builds a crude nest next to a 2-

year-old. Physical maturation and trail and error learning 

make a difference. 

Village weavers become more adept at sophistication in 

stitches and knots. With practice, weavers build a skill rep-

ertoire that affords sturdy construction with efficient mate-

rial use. 

 

In birds with more elaborate nests, quality varies consid-

erably among individuals. Adept nest builders get better at 

the craft as they age. 

 Bowerbirds  

Bowerbirds are medium-sized passerines. There are 20 

species, distributed throughout the southeast Pacific, from 

northern Australian to New Guinea. Bowerbirds reside in a 

range of biomes, including rainforest, eucalyptus forests, aca-

cia forests, and shrub lands. 

A male bowerbird builds a bower to attract a mate, or at 

least decorates a cleared patch of ground, depending upon 

species. There are 2 basic bower types: maypole and avenue. 

Maypole bowers are made by placing sticks around a sapling; 

some bowerbirds add a roof. Avenue bowers comprise 2 walls 

of sticks bordering a path. 

While nest-building has an innate impetus, as does many 

behaviors in every species, the craft of building a bower is 

acquired through extensive learning. Young birds practice for 

a couple of years, learning from their elders. Bower decora-

tion is a culturally transmitted, and extended by personal 

aesthetic expression, both in color preference and construc-

tion technique.  

A bower comprises a collection of aesthetically arranged 

twigs and sticks, decorated with various objects: pebbles, 

shells, acorns, bones, bark, berries, beetles, butterflies, flow-

ers, feathers, or even pastel jelly-like fungus. The decorations 

tend to be colorfully vivid whenever possible, with different 

objects arranged in certain patterns, color-coordinated in a 

pastiche.  
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A bowerbird remembers his bower's construction. If an 

arrangement is disturbed, the bowerbird puts items back in 

their place. Pilfering among males is common, as is recovery, 

at least by more dominant bowerbirds. 

Avenue bowers are designed to be viewed by a female 

from a certain perspective. A male great bowerbird architects 

an avenue ending in a court: a stage where the male displays 

for a potential female mate. The avenue is lined with objects 

to create an optical illusion that dispels sense of depth; 

smaller objects up front, larger objects in the distance. This 

balances the visual display of the bowerbird along with his 

bower. A female's attention lingers on a quality display.  

Bowers are statements of individual prowess. Mating re-

sults demonstrate that the best birds have the best bowers. 

Having built a bower of power, male bowerbirds call for 

females to come view their display. The male positions him-

self and performs for visiting females.  

A male's courtship dance on his bower stage can be quite 

intense: various songlike calls, synchronized with prancing 

and wing flapping, perhaps along with some fine feather 

fluffing. Many bowerbirds are superb vocal mimics, imitating 

other local birds and overheard animals. The vocal presenta-

tion also includes mimicry of natural sounds, such as water-

falls. A bowerbird production is altogether an impressive 

creative work of art. 

A female looking for a mate may visit multiple bowers, 

returning to prospects of favor to view the show and inspect 

the bower several times. Several females end up selecting the 

same male. Also-rans may go without copulations.  

Once a female has established a preferential male, she is 

likely to return the next year, with less inspection of others' 

bowers. Conversely, a female not delighted with last year's 

choice shops around. 

Females have individual preferences, which may season 

with age. Young, inexperienced, female satin bowerbirds may 

find certain male productions too intense, provoking unease. 

They tend to prefer well-decorated bowers with bountiful 

blue objects, and their males showing a touch of finesse in 

their display.  
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Older females are better in considering holistic package 

quality: more tolerant of intense display, and less impressed 

with frill, as contrasted to overall artistic expression and 

quality bower construction. 

Catbirds are monogamous bowerbirds that do not build 

bowers. Males raise chicks with their mate. All other bower-

birds are polygamous. A female builds her own nest and 

raises chicks by herself. A male's bower is simply a statement 

of artistic achievement. 

 Beavers  

Beavers are semiaquatic rodents 

which live in a riparian zone: the in-

terface area between land and a river 

or stream. Healthy riparian zones are 

ecologically significant in promoting 

habitat diversity and soil conserva-

tion. 

An adult beaver may weigh 25 kilograms or more. The 

South American capybara is the only larger rodent.  

Beavers continue to grow throughout their lives, which 

may be up to 24 years. Unusual for mammals, which are usu-

ally sexually dimorphic, female beavers may be as big, or 

even bigger, than males of the same age. 

Beavers are herbivores, feeding on the bark of favored 

trees, sedges, pondweed, and water lily tubers. Coyotes, 

wolves, wolverines, and bears prey on beavers. 

Beavers have poor eyesight but keen senses of smell, 

touch, and hearing. As beavers work at night, bad eyes are 

no problem. 

Beavers are best known for their building proclivities. 

Beaver colonies build dams on a stream or river to yield a 

still, deep-water pond that protects against predators and af-

fords floating supplies to facilitate building a lodge in a stra-

tegic location.  

Beavers also build canals to float hard-to-haul building 

materials: deepening shallow areas to form channels, so that 

branches may be floated without dragging on the bottom. 

Mud is excavated from the bottom and piled up, sometimes 
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forming small islands. Canals are by no means helter-skelter: 

they run along efficient travel routes. 

Dams are built by placing spaced vertical poles which are 

filled between with horizontally stacked branches. To seal 

water flow, any gaps between the branches are covered by 

weeds, mud, and sometimes stones.  

Beaver construction techniques are specific. They will 

precisely whittle sticks to block a drain. 

The beaver is a keystone species in its ecosystem: creating 

wetlands that allow other species to thrive. The standing 

deadwood that beavers leave behind is beneficial to various 

plants and animals.  

The works of beavers keep the areas where they live eco-

logically healthy. Only humans shape landscape to a greater 

extent than the beaver, though to opposite effect. Whereas 

beavers enhance Nature, men only destroy it. 

Beaver dams and lodges are built from the same materi-

als. Lodges lack apparent order or regularity in structure, but 

a beaver lodge is a comfy home for its inhabitants, with un-

derwater entrances that make it nearly impossible for other 

animals to enter except muskrats, who sometimes live inside 

beaver lodges with the resident beavers. 

Lodge entrances and the living area are dug out as a final 

step in lodge construction. A beaver lodge has 2 dens: an en-

trance den (the mud room), used for cleaning and drying off 

after getting out of the water, and a family abode. Only a 

small portion of a lodge is used for a living area. 

In late autumn, beavers cover their lodges with mud, 

which freezes when cold weather arrives. The mud becomes 

almost as hard at stone, impenetrable to predators. Come 

spring, beavers leave their embankments, roving around un-

til autumn arrives, where they return to their lodge and 

begin to lay in a wood stock.  

Never one to rush, beavers procrastinate on repairs until 

the frost sets in, and never set the mud top on until the 

weather becomes biting cold. In constructing a new lodge, 

trees are felled in early summer, but building seldom begins 

before the end of August. 

Beavers are thoughtful planners. Adults are adept prob-

lem solvers. Their techniques prove the point: from their 
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choice of lodge location (never near shores that won't accom-

modate a lodge) to tool use (shaping materials with their 

teeth to fit perfectly).  

Lodge and burrow construction are clear goal-oriented ac-

tivities, as is reasonable efficiency in bringing the right build-

ing materials on site. Beavers vary their dam and lodge 

building techniques to fit local conditions and available ma-

terials. 

Beavers are not geniuses with flat tails and a fine coat. 

Their efficiency in felling trees is at times less than ideal. 

Beavers sometimes goof: proceeding by trial and error, as if 

they were merely human in mental ability. 

Beavers mate for life, though extra-pair copulations do 

occur. A widowed beaver will mate again. Both male and fe-

male participate in home life: constructing and repairing fa-

cilities, rearing offspring. 

The 1st month of a kit's life is spent in the lodge, taken 

care of by mother, while father maintains the territory. 

Young beavers spend much of their time playing. They also 

watch and learn from their parents. Yearlings try to help, 

though they are often inept.  

Beaver skills take time to learn. Older offspring do mean-

ingfully assist: feeding, grooming, and guarding younger sib-

lings. 

Beavers may leave home after more than 2 years, but will 

stay if food resources are short, if there is a drought, or if 

population density is high. Beavers usually do not settle far 

from their natal territories.  

Beavers are gregarious. They slap the water as an alarm 

call as well as having more subtle communications. Beavers 

can recognize individuals by smell, from anal gland secre-

tions.  

While kin are tolerated, intruders are dealt with harshly, 

often violently. So much is invested in developing a territory 

that defending it is an utmost priority. Beavers get to know 

their neighbors by scent and are tolerant of them. 
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A wide variety of animals display considerable ingenuity and 
versatility in the construction of shelters and structures that serve 
other purposes, such as capturing prey or attracting mates. 
These activities require adjustment of behavior to the local situ-
ation, to the materials available, and to the changing circum-
stances at various stages of construction. This necessary 
versatility often suggests that the animal is thinking about the 
results of its efforts and anticipating what it can accomplish; act-
ing to attain an intended objective is a more efficient process 
than blindly following a rigid program. ~ Donald Griffin 

 Tool Use  

The use of tools is an extraordinarily diversified and wide-
spread phenomenon among insects, birds, and mammals.  
~ Edward O. Wilson 

Employing tools, especially their manufacture to in-

tended uses, demonstrates goal orientation and tactical 

thinking. The same applies to other strategies that confer 

gain, irrespective of tool use.  

Tools garner a more favorable impression than subtle 

subterfuges simply because they are artifacts of manipula-

tion. Hard evidence is reassuring to the empirically minded. 

Tool use is intelligent when learned patterns of tool use are 
predicated on the formation and manipulation of internal repre-
sentations. Many other behaviors, not involving tools, are also 
predicated on internal representations and are also intelligent. 
~ American zoologist Benjamin Beck 

 

Almost everywhere they live microbes jostle for space and 

compete for resources. Some bacteria evolved a speargun that 

they can use to inject a toxic cocktail into rivals, thus elimi-

nating them. The weapon is a sheath containing a sharp-

tipped spear. The sheath comprises over 200 connected, cog-

wheel-like protein rings assembled around the inner rigid 

spear. When a bacterium fires, the sheath rapidly contracts 

and pushes the toxic spear out of the cell, which then pene-

trates a neighboring cell, where it releases deadly toxins. 



844 Spokes 2: The Web of Life  

 Invertebrates  

Pavement ants are fond of honey. If they find a bee's nest, 

they'll drop dirt on the guard bees at the entrance to a hive, 

knocking them silly or dead; so the raid begins. 

Florida harvester ants make pellets by combining sand 

grains which they dip into honey. The pellets absorb the 

honey and are then carried back to the nest. 

Dolichoderine ants bombard the entrance of the nests of 

their competitors. A troop will stone emerging ants as they 

leave the entrance to prevent them from foraging. 

As an aid to capture, antlions flick sand grains at prey 

that fall into their pits. 

A female sand wasp builds a nest for her eggs in sandy 

ground. She digs a vertical shaft in which she will lay her 

egg. Then the wasp provisions the burrow with a caterpillar 

she has paralyzed. As a finishing touch, the sand wasp plugs 

the nest, else the food supply might attract hungry mouths. 

She covers the hole with sand, but there is the danger of dis-

turbance if the sand is too loose, so the wasp searches for a 

pebble not quite as large as her head. Holding the stone in 

her mandibles, she tamps down the sand until it is well-

packed; whereupon her maternal task is accomplished. 

Other wasp species – in the Ammophila and Sphex gen-

era – pick up a suitable object in their jaws, whether pebble 

or wood chip, and use it to tamp down a bit of soil to seal and 

conceal a laid egg. 

 Funnel Ants  

Funnel ants use bits of leaf or wood to soak up semi-liquid 

foods, such as fruit pulp, or the body fluids of prey. Funnel 

ants then carry the sponge back to the colony nest. This lets 

them transport up to 10 times as much liquid as they could 

carry otherwise. 

Funnel ants tend aphids that live on plant roots, provid-

ing much of their sustenance. Subsisting in a subterranean 

lifestyle, these ants rarely appear on the surface. 

Funnel ants were named from their practice of building 

funnel-shaped openings to their underground abodes. Hap-

less arthropods drop in for dinner, with themselves as the 
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main course. The antlion pit ploy independently evolved in 

ants. 

 Assassin Bugs  

There are some 4,000 species of assas-

sin bugs, which characteristically use sub-

terfuge to lure their prey, whereupon they 

literally suck the life out of them. 

One assassin bug lives up to its name with its termite 

fishing techniques. To disguise its own scent with termite 

pheromones, an assassin bug picks up bits from near a ter-

mite nest and rubs them over its body. 

This lets the bug approach a nest opening without setting 

off a general termite alarm. Having caught a termite and 

sucked out its tasty innards, an assassin bug will dangle the 

corpse at the nest opening, baiting other termites to investi-

gate, and thereby become the bugs' next morsel. One assassin 

bug with a hearty appetite was seen serially consuming 31 

termites with these tricks.  

A masked hunter, a type of assassin bug, takes on the 

guise of a walking dust bunny by picking up and covering it-

self with various debris, from dust to dead bugs. Bed bugs 

and flies take the curious bait for a short-lived date. 

Assassin bugs that are bee killers collect plant resin on 

their front legs; then, patiently poised on flowers, use the 

sticky stuff to grab and hold bees. 

Certain assassin bugs in Asia and Australia lure ants 

with a special sugar-producing structure on their abdomens. 

The predator places itself on an ant pathway and waits. A 

victim, drawn to the sweet scent, consumes a bit of the assas-

sin bug's secretion, which is laced with a tranquilizer that 

immobilizes the ant. Dinner is served. 

Another assassin bug, the Australian thread-legged bug, 

looks like a small walking stick. It is light enough to walk on 

a spider web undetected. The thread-legged bug is wily 

enough to steal spider-captured food from a web when the 

resident spider is not paying attention. It may even play the 

silk threads of a spider web like an insect struggling to es-

cape, then attack the resident spider and suck it dry. 
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Sea urchins drape themselves with shell fragments, al-

gae, pebbles, or other debris for camouflage. 

Boxer and hermit crabs use stinging anemones as a 

shield: prying or picking them up and holding them to ward 

off attackers or placing them so that an anemone might at-

tach itself onto the crab's shell to act as a protective device. 

The crabs are careful in detaching the small anemones from 

their original substrate, as they are useless as tools if injured. 

 Fishing Lure  

Hydrozoa are a diverse group of tiny marine animals. 

Some are solitary, others genetically gregarious. The Portu-

guese man o' war is a colonial hydrozoan. 

 While certain hydrozoa are inveterate drifters, some live 

sedentary lives: the misnamed fire coral deposits a calcare-

ous skeleton and settles in a coral reef, ignoring its taxonomic 

differences to true corals by blending in. 

Countless species of hydrozoa latch onto something to 

make a living, whether seagrass blades, animal shells, or just 

bare rock. Conversely, some hydrozoa are latched onto, and 

used to fish. 

Decorator crabs earned their title by stylishly employing 

materials to hide from or ward off predators. Some decorators 

do more than that with selective clientele. 

Decorating spider crabs prize a certain 

hydrozoan which has sticky polyps that can 

readily capture planktonic prey. The crabs 

purposely place these hydrozoa on the legs 

they wave in the current to catch their meals. 

The hydrozoa are better placed for foraging 

than they might otherwise be, but they lose a goodly share of 

the profits to their investors. 

 Vertebrates  

Tool use varies greatly among vertebrates. For some, it is 

as simple as spitting water, which is not actually simple at 

all. 
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 Archerfish  

Archerfish are terrific spitters. On the prowl near the 

water's surface, they prey on insects and other small fare on 

land – grasshoppers, butterflies, spiders – by accurately 

shooting a tight spout of water from their mouths, stunning 

the target with their spit.  

With luck, the meal-to-be plops into the water for conven-

ient pickup. Otherwise, if the prey is within jumping reach, 

an archerfish will leap out of the water and grab lunch. 

It takes a powerful punch to knock an insect off its leaf. 

An insect in repose is usually firmly anchored, with a force 

10 times its body weight. Yet, in a fraction of a second, an 

archerfish pops one off its perch. 

The impact of an archerfish spit is 3,000 Watts/kilogram; 

well above the maximum vertebrate muscle power of 500 

W/kg. 

Amplification of muscle power occurs outside the archer-

fish: by creating a hydrodynamic instability in its spit 

stream, akin to that used for inkjet printing. The archerfish 

modulates the velocity of the jet coming out its mouth to 

achieve a gradual increase of mass and velocity accumulated 

at the head of the jet. The technique forms a single, large, 

water drop that abruptly smacks the prey with a powerful 

punch. 

Archerfish load up according to the size of the prey: using 

more water for larger, heavier targets. An archerfish may 

squirt a single shot or spray a fusillade. 

An archerfish must accurately gauge its prey's distance 

for the jet to coalesce into maximum impact. Knowledgeable 

archers may aim just below their prey, to knock it straight 

down into the water instead of whisking it away in a straight-

on shot.  

Experienced spitters have close to a 100% hit rate. By 

stark contrast, young archerfish don't have the knack.  

Spitting skill is not innate. Accuracy takes practice. Fry 

hunt in small schools, improving the odds of shooting a meal; 

though inexperienced individuals cannot successfully hit a 

target if it is moving even a centimeter a second. 
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Target-shooting lessons can come at someone else's ex-

pense. Archerfish live in groups and have fantastic observa-

tional learning ability. 

Inexperienced archerfish extensively watch others to 

learn technique. After watching 1,000 attempts, regardless 

of success, novices have learned enough to make successful 

shots at rapidly moving targets. 

Observational learning ability is termed perspective-tak-

ing. An archerfish can mentally assume the viewpoint of the 

fish it is watching to fully appreciate the experience. 

Archerfish pick out their stationary targets using the 

same mental search strategies that humans employ in trying 

to discern objects in a cluttered background. For moving tar-

gets, they adjust the trajectory of their jets based upon the 

speed that the target is moving: aiming farther ahead if the 

prey is flying faster. 

Archerfish compensate for the optical distortion produced 

by the water-to-air transition. This requires learning the 

physics involved with distance, relative position, and target 

size. 

If a target is flying low, archerfish use the sophisticated 

stratagem of turn-and-shoot. The fish fires while simultane-

ously rotating its body horizontally to match the lateral 

movement of the target. Thus, the ejected jet of water tracks 

the target on its airborne path. 

Archerfish are adept entomologists: visually identifying 

insects to know whether they are tasty (and stingless), and 

nutritious enough to go to the bother. If dinner is not in the 

air, archerfish readily forage like any other fish lacking the 

skill to spit. 

Archerfish also use their spitting ability underwater to 

stun prey hiding in sediment. The fish alter the blast to suit 

the type of sediment.  

Archerfish use the same dynamic mechanism to produce aer-
ial and underwater jets. They employ the same basic technique 
to adjust their jets in both conditions. ~ German animal physi-
ologist Jana Dewenter et al 
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How archerfish are able assess sediment characteristics 

before taking a shot is not known. Doubtlessly it is an ac-

quired skill. 

 

Archerfish are not the only fish interested in tasty tidbits 

that fall in. Halfbeaks will happily steal the fruits of archer-

fish labors. 

This rivalry prompted adaptations. Archerfish evolved to 

predict the trajectory of a falling prey, launching themselves 

where it will it hit the water while still coming down. This 

allows archerfish to beat halfbeaks by an average of 163 mil-

liseconds: a close race. That is during the day. At night, half-

beaks have the advantage. Archerfish rely upon their vision 

to get a jump start. 

Halfbeaks have 5 times as many sensory cells on their 

backs as archerfish. This gives halfbeaks greater accuracy in 

detecting the waves of prey which have hit the drink. 

Archerfish win when they can use vision, but halfbeaks win 

in the dark. ~ German marine biologist Stefan Schuster 

 Wrasse  

An orange-dotted tuskfish off Palau digs a clam out of the 

sand, carries it to a rock, and repeatedly slams the clam 

against the rock until the shell is crushed enough for the fish 

to get at the clam. Tuskfish are in the wrasse family, one of 

the largest and most diverse families of marine fishes.  

Wrasses are typically inquisitive. All are carnivorous, 

with sharp eyes and a sensitive sense of smell. Various 

wrasse have been observed using tools.  

 

Some fish – including the South American cichlid and the 

brown hoplo – lay their eggs on leaves, which they move to a 

more protected area if the present home ground appears 

threatened.  

 

Amphibians and reptiles are not big tool users. Horned 

frogs bury themselves in the ground as a hunting technique. 



850 Spokes 2: The Web of Life  

If they aren't completely covered, they'll pitch lumps of dirt 

on their backs using their feet. 

Crocodiles lure birds using fish bait. After eating much of 

a fish, chunks will be left floating on the water's surface. A 

crocodile will submerge itself underwater, with only its eyes 

sticking out, awaiting a scavenger to fly down and help itself 

to the scraps. Similarly, to lure avian nest builders, crocodiles 

put suitable sticks on their snouts.  

 Birds  

Herons, gulls, and kingfishers break food up to serve as 

fishing bait. Great herons drop leaves or small sticks into 

moving streams and then run downstream to snatch any 

small fish that their lure has attracted. Burrowing owls place 

dung out as bait for dung beetles, then wait motionless for 

their arrival. 

An African black egret uses its body as a tool: forming a 

tent-like canopy with its wings to create a shaded area from 

the blazing African Sun, drawing unsuspecting fish looking 

for a place to shelter. Black egrets do not make wing tents in 

the early morning or when it is cloudy. Instead, they merely 

stroll along to find fish. 

Egyptian vultures drop stones on ostrich eggs to break 

the tough shell. On the wing Australian black-breasted buz-

zards drop rocks on emu eggs to crack them.  

There have been many reports of other birds dropping ob-

jects to desired effect, including a male osprey bombing an 

intruder osprey with rocks, and a sulfur-crested cockatoo 

dropping twigs onto a pair of bat hawks sitting on a lower 

branch of a tree. 

A song thrush at its anvil – hammering a snail-shell 

against a rock – is a familiar sight in European gardens. The 

thrush knows just how to crack away to loosen a snail's grip 

on its shell. Naked snails are slimy, so a thrush wipes the 

snail off on the ground, to remove as much mucus as possible, 

before swallowing it. 

Black kites are called fire hawks by indigenous Australi-

ans. The kites pick up smoldering sticks from a brush fire, 
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drop the twigs on unburned grass, then swoop to feed on the 

small animals fleeing the fresh fire. 

Bald eagles are known to thrown stones, as are black-

breasted buzzards. Bristle-thighed curlews have been seen 

flinging coral pieces to break eggs.  

White-winged choughs drop or throw previously con-

sumed mussel shells to break fresh mussels. Choughs also 

use shells to pound on the next mussel meal. 

Wild Australian brush turkeys accurately kick dirt and 

debris to thwart attack – such as against a lace monitor liz-

ard. 

Woodpecker finches use twigs or cactus spines to pry in-

sects out of crevices and cavities in trees, as do pygmy nut-

hatches and mountain chickadees. Using these picks lets 

them reach otherwise inaccessible prey, largely hidden from 

view. 

Woodpecker finches, endemic throughout the Galápagos 

Islands, have no choice but to resort to tools: their tongue is 

too short to be of much use. At least half of this finch's food is 

had through tool use, making woodpecker finches the most 

proficient tool users besides humans. 

Woodpecker finches forage using different stratagems, 

depending upon the season and habitat. Insects in cracks and 

crevices are impaled or preyed out with a sharp stick or cac-

tus spine.  

Wood-boring grubs must first be accessed. A woodpecker 

finch begins by pecking a hole in the branch until it reaches 

the grubs' den. The finch then flies off to select a suitable tool 

for excavation. Probing the tool deep into the hole either 

drives the prey out or is used as a lever to prize a grub to the 

surface. 

Failing to find the perfect implement is no impediment to 

a woodpecker finch. If no suitable twig or spine is readily 

available, a bird selects a larger item and whittles it down to 

size, removing any side-projections in the process. 

An African grey flycatcher was seen fishing for a winged 

termite with a grass blade by sticking it into a hole. The fly-

catcher pulled the blade out when a termite had grabbed it 

with its mandible. 
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Hyacinth macaws use wood slivers or leaves to wedge 

nuts open. Caged yellow-crowned parakeets use twigs to rake 

in seed that could not otherwise be reached. 

Great herons drop one of their own feathers on to the wa-

ter as fish bait. Unsuspecting prey respond to this novel ob-

ject by closer inspection, nibbling to check for food potential; 

whereupon the heron stabs the fish and eats it. 

A white stork mother gives her chicks a drink by squeez-

ing damp moss with her beak. A male gila woodpecker dips a 

bit of bark into honey to soak it up, then takes the honeyed 

bark back to waiting nestlings. Brewer's blackbirds soak 

grasshoppers in water to soften them up before taking them 

back to their fledglings at the nest. Over 30 species of birds 

have been observed dipping or soaking their food in water 

before swallowing it. 

Dozens of different birds have been seen using tools. 

Finches, parrots, and corvids are notable for making tools, 

typically by pulling suitable twigs from trees. Individuals in 

practically all of the 120 species of corvids may cagily fashion 

and use a tool if the need arises and materials are available. 

 Tanimbar Corella  

They are in a special situation with unpredictable resources. 
~ Austrian ornithologist Alice Auesperg 

The Tanimbar corella is a small white cockatoo endemic 

to the islands of the Tanimbar archipelago in Indonesia. Like 

most corellas, they live in social groups of 10–100, roost in 

tree holes, and mostly eat seeds and nuts. 

The Tanimbar corella can solve problems involving se-

quential steps. This corella is also able to solve complex me-

chanical problems. 

Besides learning from others, and by trial and error, co-

rellas spontaneously innovate to make tools to accomplish de-

sired tasks. They are quick to adapt their behavior when a 

situation changes. 

Male Tanimbar corellas are better problem solvers than 

females. They need to be, as they must supply females with 

what they need at the nest. 
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Both sexes exhibit self-control for anticipated gain. An 

experiment showed that they would resist eating one nut (a 

pecan) given to them to trade up to a more desirable nut (a 

cashew). 

The Tanimbar corella is a demanding pet. Being as smart 

as it is, this bird easily gets bored. 

 Parrot Discretion  

He must have been trained for this. As soon as the police got 
close, he started shouting. ~ Brazilian policeman 

Brazilian vice cops took into custody a parrot who had 

alerted its owner of a drug raid by shouting: "Mum, the po-

lice!" Once arrested, the parrot refused to speak – determined 

not to be a stool pigeon. 

 

For all its apparent cleverness, tool manufacture and use 

are not necessarily a sign of a smarter bird. Tool-using wood-

pecker finches are no more adept at tasks than other individ-

uals in the same population that don't bother with tools. The 

closely related small tree finch, which never picks up a tool, 

does just as well.  

So, a tool is just a tool, and an unreliable indication of 

comparative intelligence. Tool use in captive birds and mam-

mals is more prevalent than in wild counterparts because 

prison can drive anyone stir crazy. 

 Mammals  

With exceptions, mammals are not big tool users; no more 

than certain insects, such as ants. The most prominent ex-

ceptions are marine mammals, rodents, elephants, and some 

primates who often avidly use tools. 

For primates, tool use is opportunistic. Upon finding a 

food resource better accessed using a tool, if the materials to 

make a tool are available, a monkey or ape can rather ingen-

iously figure out how to construct and use a tool to get at the 

food. If tool materials are not available, so it goes; but not 

always. A chimp may travel a kilometer to obtain the right 

material to use as a tool. Tasty treats are worth the trouble. 
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Numerous carnivores enlist the use of hard objects to help 

them break into protected food. Monkeys often crack open 

crabs and nuts with stones: either bashing the food against a 

rock, or vice versa. Sea otters do the same with the bivalves 

they eat. 

Ever-nutritious eggs are especially prized. The trick is 

getting them open. Skunks and mongooses have special body 

movements that let them fling bird eggs against rocks with 

aplomb. Lions, though attracted to ostrich eggs, have no spe-

cial method of opening them, and therefore often find such 

eggs a source of frustration rather than sustenance. 

Even in mammal species inclined to tools, use is often cul-

tural: limited to certain individuals or groups. In contrast, 

insects that use tools consistently do so. 

 Wolverine Refrigerators  

Wolverines live in cold mountainous 

forests. They are opportunistic foragers 

that survive the harsh winters by cach-

ing food in preparation for the lean 

months. To prevent microbial and insect 

scavengers from eating their caches, wol-

verines smartly tuck their supplies into 

crevices that provide refrigeration. Cach-

ing cool is a tool. 

 Communication  

All animals are anatomically constrained in the number of 
discrete call types they can produce. By combining calls into 
meaningful sequences, animals can increase the information 
content of their vocal repertoire despite these constraints. Addi-
tionally, signalers can use vocal signatures or cues correlated to 
other individual traits or contexts to increase the information 
encoded in their vocalizations. ~ Swiss zoologist David Jansen 

Communication necessarily involves abstraction. Every 

syllable, however signaled, is a metaphor for a concept. 

Complex animal vocalizations comprise syllables which 

are arranged into patterns that present a message. Even the 

same single syllable can do so via variation in presentation. 
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 Banded Mongooses  

The adults of many mongoose spe-

cies live largely solitary lives. By con-

trast, the banded mongoose is colonial 

and gregarious.  

Banded mongooses cohabit in 

mixed-sex groups of 7–40 individuals 

(averaging ~20). Besides foraging as a unit, they sleep to-

gether at night in underground dens, which are often aban-

doned termite mounds.  

A group changes its den every few days. If no refuge is 

available, they lie on each other in a compact layered ar-

rangement, with heads facing outwards and upwards to 

make the most of sentry while snoozing. 

There is no strict hierarchy within a banded mongoose 

group, but attempted infanticide will ensue if a subordinate 

female gives birth, but older, dominant females in a colony 

do not. Banded mongooses evolved the ability for females to 

synchronize birth, so that a colony litter is not subject to such 

self-destruction. A communal litter peaceably lives if there is 

a chance that one of the offspring belongs to a dominant fe-

male. 

Otherwise, banded mongooses are seldom aggressive 

within a colony. Squabbles about food occasionally arise, but 

the first to put dibs on it gets it.  

Conversely, an encounter between groups becomes a 

brawl, sometimes with injuries, and even deaths. Banded 

mongooses war over food, territory, and sexually receptive fe-

males. 

20 or 30 mongooses on each side arrange in battle lines. They 
all rush forward and fighting breaks out. These fights are very 
chaotic. ~ English zoologist Faye Thompson 

Despite the ferocity, females in heat will often mate with 

males from a rival group during a dustup. Banded mongooses 

rarely leave their natal group, so group members are closely 

related. Battles between groups are an opportunity for out-

breeding. 

Biological parents do little parenting. Younglings are 

cared for by sundry colony members. 
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Pups often pick out an adult to be their mentor through 

infancy. It may be a sibling, cousin, or uncle. The pair spend 

most of their time together, with the mentor looking after the 

youngling until it can fend for itself, albeit provoked with fre-

quent begging by the little one.  

Banded mongooses have culture: passing on traditions, 

notably the best foraging spots and other tips, such as how to 

access the meat in prey with hard shells. To learn, a pup im-

itates its mentor. 

Besides territorial scent markings, which also serve as 

status updates, banded mongooses make monosyllabic calls 

that last 50–150 milliseconds. Despite their brevity, these 

calls identify the animal calling and what it is doing. 

 

Frogs and bats structure single syllables in meaningful 

communiqués. There are likely many other such species that 

have simple but content-rich messages. It's just that we have 

not paid much attention to the communication skills of other 

animals. 

 Math Skills  

The highest form of pure thought is in mathematics. ~ Plato 

An essential skill for survival is applied mathematics. 

Time, space, and numbers allow animals to forage, find their 

way home, and migrate daunting distances. Knowing the 

number of immediate predators, or the size of a neighboring 

group, can lead to life-or-death judgments. 

Many species are sensitive to quantity. Spiders know how 

many prey they have tucked away on their webs.  

Numerous cues keep ants on the navigational straight 

and narrow, including counting their steps, sensing the po-

larization of sunlight, as well as keeping track of visual, ol-

factory, magnetic, and vibrational landmarks. An ant's 

mental map of terrain is at least as intricate as any other 

animal. It has to be, as an ant's life is forfeit if it loses its way. 

Honeybees can tell quantitative differences. They can 

rank quantities according to the rules "greater than" and 
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"less than." Honeybees also understand the concept of noth-

ing. Children do not grasp the symbolic number zero until 

they are 4 years old. 

"Nothing" can be informative. ~ German zoologist Andreas 

Nieder 

Several ancient human civilizations lacked the full under-
standing and importance of zero, leading to constraints in their 
numeric systems. ~ Australian zoologist Scarlett Howard et al 

Newborn chicks understand both relative and absolute 

quantities. Their mental number line – running left-to-right 

small-to-large – is identical to innate human conception. 

Chicks also have a good sense of ratios. 

Monkeys and birds can not only distinguish numerical quan-
tities but also grasp the empty set as the smallest quantity on the 
mental number line. ~ Andreas Nieder 

 Road Signs  

It's all about context. ~ American ethologist Ted Stankowich 

Cars on the highway traveling at unnatural speeds kill a 

lot of birds. Those birds that do manage to live learn the rules 

of the road.  

From observation, birds figure the average speed of 

vehicles on a section of roadway and adjust their flight 

patterns to accommodate traffic. Speeders are an especial 

danger, as birds do not expect breakneck drivers. 

 Optimal Foraging  

Animals prefer habitats that contain a higher percentage of 
preferred food items and avoid habitats containing a higher pro-
portion of predators. ~ Canadian psychologist William Roberts 

Foraging for nectar may not seem too complex, but it is a 

craft to perform it efficiently. The traveling salesman prob-

lem (TSP) – efficient multiple-stop route formulation – has 

vexed human problem solvers since first considered in 1832. 

TSP is a computationally difficult (NP-hard) problem to 

solve. But bumblebees manage it. 

Bumblebees optimize their nectar collection. Individual 

flowers vary in nectar content, especially considering those 
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already recently harvested. A bumblebee remembers visited 

flowers and selects the most easily accessible flowers that 

have the highest probability of rich reward. Bumblebees 

solve TSP using spatial memory and a bit of trial and error 

learning. 

 Sea Star Geometry  

Sea star larvae swim about for 2 months before settling 

down. They propel themselves by controlling thousands of 

beating, hair-like cilia on the edges of their bodies.  

By selectively coordinating some cilia to beat opposite the 

direction they are swimming in, larvae dynamically create 

vortices in the water. These whirlpools pull algae and other 

foodstuffs from far away into a sea stars' path. Sea stars op-

timize the number and effect of the vortices to maximize cur-

rents toward them. Sea star larvae are experts in the applied 

3D geometrics of fluid dynamics. 

Whipping up whirlpools slows a sea star down, but even 

a little larva knows the importance of a good meal. With full 

bellies, young sea stars give the whirlpool making a rest and 

get along. 

 

Math skills are analogous to social skills. One would not 

be effective socially without a decent sense of numbers. Gre-

garious animals need to discriminate numerically and gauge 

probabilities, at least intuitively, to successfully cope within 

a group, and especially to lead a tribe.  

Lionesses live their lives in prides of female relatives. 

They share cub-rearing. Lionesses recognize each other's 

roars. When hearing the roars of unfamiliar lions, they count 

how many there are. 

Even though spotted hyenas live in clans of up to 90 indi-

viduals, they spend most of their day in smaller, more vul-

nerable groups. Like lions, hyenas count unfamiliars and 

assess odds. 

Spotted hyenas are more cautious when they're outnumbered 
and take more risks when they have the numerical advantage. 
~ American zoologist Sarah Benson-Amram 
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Children as young as 3 years spontaneously discover al-

gorithms for addition which allow them to make counting de-

cisions in the same way as chimpanzees. This is precocious 

knowledge manifesting at a developmental stage. How those 

mental mechanics work, in either chimps or children, is not 

understood. What is known is that chimps and humans both 

have similar sociality and have an innate ability for numer-

acy. 

Innate aptitude may require a cultural kick for an ability 

to manifest. Because basic math is ubiquitous in modern so-

cieties, the common assumption is that humans naturally 

comprehend simple numeracy. That is not so. The Piraha 

tribe of hunter-gathers in Brazil cannot count at all. Their 

word for 1 also means "a few," while 2 does double duty for 

"not many." Anything else is simply "many." They also have 

no way to say "more," "several," or "all." American linguist 

Daniel Everett tried to teach the Pirahas math basics, but 

not a single Piraha could count to 10 or add 1 and 1 after 8 

months of diligent instruction. 

 Pigeons  

Pigeons are capable of high-order relational 
learning. ~ American psychologist Ed Was-
serman 

Chimps and people have nothing over 

pigeons, which readily absorb abstract 

numerical rules.  

Despite completely different brain organization and hun-
dreds of millions of years of evolutionary divergence, pigeons 
and monkeys solve ordinal number problems in a similar way. 
~ American cognitive psychologist Elizabeth Brannon 

Pigeon geographical sense is unerring. Thanks to detailed 

mental maps, pigeons can fly to a destination via the most 

efficacious route, taking into account the best food stops and 

watering holes. This is characteristic of birds, which typically 

have infallible navigational skills. 

The homing ability of birds can be positively eerie. Birds can 
orient themselves based on visual landmarks, the Sun, and stars, 
and even by sense of smell, just like we can. Birds are also able 
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to find their way using methods unimaginable to humans, such 
as magnetic fields, polarized light, echolocation, and infra-
sound. You can blindfold a bird, cover its nostrils, cover its ears, 
transport it far from home in a magnetized cage, and, more often 
than not, it will still manage to find its way home. The question 
becomes not how birds find their way, but how they ever man-
age to become lost (a rare occurrence). ~ American ornithol-
ogist Noah Strycker 

Pigeons have impressive visual memory: able to remem-

ber hundreds of images for several years. Pigeons can gener-

alize and discriminate among different painting styles. A 

trained pigeon can tell a Monet from a Picasso, and impres-

sionism from cubism.  

Once a pigeon understands the concept of a mirror, which 

has no analogue in Nature, it uses the mirror to examine 

parts of its body that it cannot ordinarily see. People are no 

different. 

Pigeons can tell people who are kind to them from those 

that are not. No training needed for that. 

Pigeons comprehend transitive inference, which is associ-

ative inferential reasoning. Knowing that A > B, B > C, C > 

D, and D > E, a pigeon cogently concludes that B > E. The 

grasp of transitive inference is essential to understanding the 

hierarchical social networks which characterize pigeon soci-

eties. 

Pigeons plan. To do so, they assess their level of 

knowledge and seek more information if relevant facts are 

not known. 

 Synopsis  
Here an animal grows, there a plant, and the wonder of it all 

is not the less in the smallest being than in the largest. ~ Ger-
man physiologist Max Rubner 

➢ Behavior is rooted in biology. Innate impulses guide all 

life. Such biological programming is layered through evo-

lution. Free will is a chimera of the moment. 

➢ All animals experience emotions, which act as a device for 

learning and enjoyment of life. 



 Animals  861 
 

➢ A considerable number of life-history variables determine 

the parameters of living for every life form. What most 

significantly defines a species behaviorally is its sociality. 

Biologists conceptually bifurcate animal sociality into 

presocial and eusocial. The most socially integrated ani-

mals are eusocial: living in a colonial society that prac-

tices reproductive division of labor and alloparenting, 

where the well-being of the colony takes precedence over 

any individual.* Queens are as subject to their demanding 

role in life as workers; perhaps more so. Eusocial societies 

are highly organized, albeit with roles rather than hier-

archies defining their operation. 

In contrast, though they may be gregarious, presocial 

animals generally behave with self-interest as a para-

mount concern. The organization of presocial groups is of-

ten hierarchical. 

➢ Intelligence is individual and contextual to the environ-

ment in which an organism lives. All animals have more 

than sufficient wiles to survive and enjoy life. Nature pro-

vides both capacity and challenge in ample measures. 

 
* This is equivalent to human institutions serving as the bedrock of 

societal stability. 





 

 Conclusion  
Nature does not hurry, yet everything is accomplished.  

~ Chinese philosopher Lao Tzu 

Physics → Chemistry → Biology 

Operationally, the above triumvirate is guided by econ-

omy in the employment of energy. Biology goes beyond phys-

ics and chemistry in needing memory for cognition. Life takes 

coherence to another level in embodying a force which matter 

and energy alone cannot explain: consciousness. 

Though pondered throughout history, what defines life 

has yet to garner consensus. The orderly energetics of organic 

chemistry are championed by those with a matterist bent. 

Philosophers ponder purpose, and scratch at the soil of ab-

straction for the root of soul.  

Life comprises organisms attuned to information as the 

means for survival and self-fulfillment. Living transpires via 

ecological intelligence: understanding the environment, act-

ing accordingly to stay alive, and, for some, achieving an er-

satz immortality through future generations. 

In Nature, the wiles to survive and propagate represent 

a significant accomplishment. The world is treacherous. Sur-

vival does not come easy. Ease in being is seldom attained. 

 

The machinations of microbes come in superb chemical 

engineering: dynamic intelligence at the molecular level. Be-

yond astuteness, sociality and sense of community help en-

sure microbe survival.  

Beyond the microbial, plants and their aquatic anteced-

ents form the foundation of every ecosystem. On land, plants 

have long dominated eukaryotic life. In contrast, until the ad-

vent of humans, the global impact of animals was largely in-

consequential.  

Plants willfully have relations with every kingdom of life, 

as do microbes. Compared to prokaryotes, plants more inti-
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mately understand other life, and, with their chemical con-

coctions, exploit that comprehension with subtlety. Plants 

possess intelligence unsurpassed. 

Plants can be territorial but are no more so than demand-

ing a home for themselves and their kin. Even the most ter-

ritorial plant retains a sense of community. 

Flowering plants not only have a sense of fairness, they 

demonstrate altruism. Nectar and fruit are gifts bestowed to 

those that help plants. In stark contrast to the civilizations 

of plants, there never is an ecological beneficence to human 

civilization. 

Adhering to a primal instinct of "might makes right," hu-

mans have long suckled a superiority illusion: that they pos-

sessed a unique intelligence. Such selfsame singularly of 

smarts may be said of plants or microbes. 

The savvy inherent in every phylum has some novel com-

bination. Different lifestyles involve disparate perceptions 

and cognitive perspectives. Yet all mentation involves exam-

ining objects and figuring relations. 

Each species has all the intelligence it needs and then 

some. Survival depends upon it. 

Nature is all intelligence and beauty. ~ Indian guru Nisar-
gardatta Maharaj 

 

Physics and chemistry show irreducible entanglements 

as their foundation. So too biology.  

Among themselves, microbes – ever social – invariably 

form communities. That is just the start of their sociality. 

Every eukaryote depends upon its microbiome. To larger life, 

microbes are an unacknowledged Lilliputian lifesaver. That 

is merely the commencement of life's entanglements. Every 

animal ultimately depends upon phytoplankton or plants. 

These natural reliances comprise a dynamic web of life. 

 

Spokes of the Wheel continues with Spokes 3: The Ele-

ments of Evolution.



 

 Glossary  

# 

2nd messenger: a molecule that relays a signal from a cell sur-

face receptor to a target molecule inside the cell. 

4D (aka spacetime): the 4 dimensions of everyday experience: 3 

of space (3D) + 1 of time. See HD and ED. 

A 

α-helix (aka alpha helix): a common secondary structure of pro-

teins that is a right-handed spiral conformation. 

abalone: a sea snail in the Haliotidae family of mollusks. 

abstraction: a thought stream involving symbolic representa-

tions. Compare concept, idea. 

abyssal: the bottom waters (benthic zone) of the ocean. 

acacia (aka thorntree, wattle, whistling thorn): a genus of shrubs 

and trees with 1,300 species, 960 of which are endemic to 

Australia. While many non-Australian species are thorny, 

most Australian acacias are not. 

acetylcholine: a neurotransmitter in many organisms. 

acid (chemistry): a proton donor. Contrast base. 

acidophile: an organism that lives in a highly acidic habitat. 

acorn woodpecker (Melanerpes formicivorus): a medium-sized 

woodpecker native to the western Americas, fond of acorns 

for food.  

actin: a globular, multi-functional protein found in all eukary-

otic cells except roundworm sperm. Actin participates in 

many cell processes, including communication, motility, and 

mitosis. Actin has equivalent cousins (homologs) in prokary-

otes. 

actinobacteria: a group of bacteria common in soil and water 

(freshwater and marine). Actinobacteria are ecologically im-

portant as decomposers of organic materials, including cellu-

lose and chitin. 
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actinomycin: a class of antibiotic isolated from Streptomyces bac-

teria. 

action potential: a quick excitation and release of the electrical 

membrane potential of a cell. Several types of such excitable 

cells are found in animals, including neurons, muscle, and 

endocrine cells. Some plant cells ply their trade on action po-

tential, facilitating rapid movement. 

activator (chemistry): an enzyme that increases reaction rate. 

Contrast inhibitor. 

active margin: an active area of tectonic plates colliding. Con-

trast passive margin. 

active site (organic chemistry): the position on a protein where 

substrates bind and undergo a chemical reaction. 

adaptation (evolutionary biology): the teleological process of ad-

justing to ecological circumstance. 

adaptive immune system (aka acquired immune system): the 

portion of the immune system that learns to recognize spe-

cific pathogens. Compare innate immune system. 

adder (Vipera berus): a viper endemic to Europe. 

Adélie penguin (Pygoscelis adeliae): a penguin common along 

the Antarctic coast. 

adenine (A) (C5H5N5): a nucleobase of DNA & RNA, complemen-

tary to thymine in DNA or uracil in RNA. 

adenovirus: a nonenveloped with a double-stranded DNA ge-

nome. Adenoviruses have a broad vertebrate host range. 

adenylyl cyclase (AC): an enzyme family with key regulatory 

roles in almost all cells. Six classes of AC are known. All cat-

alyze the conversion of ATP to cAMP and pyrophosphate. 

adiabatic: occurring without gain or loss of heat; the opposite of 

diabatic). 

ADP (adenosine diphosphate (C10H15N5O10P2)): the product of 

ATP dephosphorylation, which provides energy for a cell. See 

ATP. 

adult: a fully developed organism. Sexual maturity is an aspect 

of adulthood for sexually reproducing life forms. 

adventitious: not innate, and so arising or occurring out of the 

ordinary. 
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aerenchyma: channels that allow gas exchange between plant 

roots and shoots. 

aerobic: living with oxygen. Contrast anaerobic. 

aerobic respiration: cellular respiration which employs oxygen. 

Contrast anaerobic respiration. 

aerosol: a suspension of fine liquid or solid particles in gas. Aer-

osol particles are less than 1 micrometer in diameter. 

African termite (Macrotermes natalensis): a termite species in 

the African savanna that makes colonial mounds up to 3 me-

ters high, built for ideal ventilation and constant internal 

temperature. 

African wild dog (aka painted dog/wolf, Lycaon pictus): a canid 

endemic to Africa, especially savannas and lightly wooded ar-

eas. 

agama: a small, long-tailed, insectivorous lizard that lives in Af-

rica, of 37 species. 

age (geology): a duration in the geological time scale, typically 

millions of years; shorter than an epoch. 

agouti: a rodent native to the Neotropics, related to guinea pigs. 

Agrodiaetus: a genus of butterfly in the Lycaenidae family (the 

2nd-largest family of butterflies), found throughout the Pale-

arctic ecozone. 

Agulhas Current: a swift Indian Ocean gyral current, carrying 

warm water clockwise. 

aka: "also known as." 

alanine (C3H7NO2): an amino acid employed in the biosynthesis 

of proteins. 

albatross: a large seabird of 21 species in the Diomedeidae fam-

ily, endemic to the Southern Ocean and north Pacific Ocean. 

albedo: the ratio of light reflected by a surface to that received 

by it. 

Aleutian Islands: a chain of 14 large volcanic islands and 55 

smaller ones off the southwest coast of Alaska. 

alevin: a juvenile fish. 

alga (plural: algae): a eukaryotic protist that photosynthesizes 

via chloroplasts. Algae are usually unicellular or colonial. 
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aliphatic compound: the group of hydrocarbons that do not link 

together to form a ring. 

alkaline: a substance with a pH ▫ 7.0. 

alkaliphile: an organism that lives in a highly alkaline habitat. 

alkaloid: a chemical compound containing mostly basic nitrogen 

atoms. Many organisms, including bacteria, fungi, plants, 

and animals, produce alkaloids. 

alkene: a hydrocarbon with double bonds between carbon atoms. 

allatostatin: a neuropeptide hormone in insects and crusta-

ceans, employed in growth control.  

allele (aka allelomorph): one of multiple forms of a gene; a vari-

ation of a gene at the same locus. Selfsame alleles at a locus 

are homozygous; if different, heterozygous. 

allelopathy: the process of an organism producing biochemicals 

that affect the survival, growth, or reproduction of other or-

ganisms. Allelochemicals are employed by plants to fend off 

other plant species and herbivory. 

allergen: a substance which can cause an allergic reaction. 

alligator: a freshwater crocodilian in the Alligator genus which 

first appeared 37 MYA. 

allogrooming: social grooming. 

allometry: growth of a body part relative to the entire organism; 

also, the study thereof. 

allomyces: a chytrid freshwater mold. 

alloparenting: individuals other than biological parents acting 

as youngling caretakers. 

allopatric speciation: evolution of a single species into 2 distinct 

species owing to populations being isolated from each other. 

Contrast parapatric speciation and sympatric speciation. 

allosteric activator: an enzyme that enhances activity at an al-

losteric site. Contrast allosteric inhibitor. 

allosteric inhibitor: an enzyme that lessens activity at an allo-

steric site. Contrast allosteric activator. 

allosteric site: a site on a protein other than its active site. 

allostery: regulation of an enzyme or other protein by binding an 

effector molecule at the protein's allosteric site. 
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allotrope: a molecular structure of the same atomic species that 

may take various forms; that is, where element atoms may 

be bonded together in different ways. 

allotropy: the property of an element existing as an allotrope 

(structural variations). 

Aloe (aka Aloë): a genus of over 500 species of flowering succu-

lent plants. The best-known species is Aloe vera ("true aloe"), 

so-called for its use as a moisturizing skin treatment. 

aloe vera: a tropical succulent plant valued for its soothing me-

dicinal effects. Scientific evidence of the medicinal benefits of 

aloe vera is spotty, yet aloe vera is a popular ingredient in 

skin creams and is touted for its healing properties when in-

gested as well, despite concerns about toxicity. 

alpaca (Vicugna pacos): a South American camelid (member of 

the camel family). 

alpha (sociality): the apex of a social hierarchy. 

alphasatellite: a single-stranded DNA satellite virus dependent 

upon another virus for transmission. 

alternation of generations (AoG): alternate asexual and sexual 

reproductive modes during a multicellular organism's life cy-

cle. For algae, plants, fungi, and slime molds, AoG also in-

volves different genetic forms at different stages of life: 

haploid and diploid. 

altricial: animals that are relatively immature and immobile at 

birth or hatching and so require parental care. Many 

mammals are altricial. Contrast precocial. 

altruism: unselfish behavior. 

aluminum (Al): the element with the atomic number 13; a soft, 

ductile, silvery-white, nonmagnetic metal; the 3rd-most 

abundant element in Earth's crust (after oxygen and silicon 

(silica)), and the most abundant metal. 

Amanita muscaria (aka fly agaric): a psychotropic mushroom. 

Amazonian ant-plant (Hirtella physophora): a plant that hosts 

the arboreal ant species (Allomerus decemarticulatus) in hon-

eycombed gallery structures that the ants construct. 

amensalism: an interaction an organism negatively impacts an-

other while immediately gaining nothing or being harmed. 
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American slave-maker ant (Protomognathus americanus): an 

ant that makes slaves of Temnothorax longispinosus ants, 

endemic to the woodlands of the northeastern United States 

and nearby Canada. 

ametabolous: a type of metamorphosis in which physical devel-

opment proceeds largely as growth in size. Compare hemi-

metabolous, holometabolous. 

amiability: the tendency to be agreeable. 

amine: a derivative of ammonia. 

amino acid: an organic molecule comprising a carboxylic acid 

group, an amine group, and a side chain specific to the spe-

cific amino acid. 

ammonia (NH3; aka azane): a toxic colorless gas with a pungent 

smell that figures in biology because of its nitrogen content. 

In certain microbes, atmospheric nitrogen is converted into 

ammonia by enzymes termed nitrogenases, in a process 

called nitrogen fixation. Mammals have a mechanism to pre-

vent the buildup of ammonia toxicity in the bloodstream. 

Fish and amphibians lack this mechanism, as they can elim-

inate ammonia by excretions. For other aquatic animals, 

even dilute concentrations of ammonia are highly toxic. 

amnion: a thin, membranous, fluid-filled sac surrounding an an-

imal embryo. An amnion is filled with amniotic fluid. The 

vertebrate clade Amniota, distinguished by employing an 

amnion, comprises reptiles, birds, and mammals. In reptiles, 

birds, and monotremes, the amnion is enclosed in a shell. In 

marsupials and placental mammals, the amnion is enclosed 

in a uterus. Fish and amphibians do not employ an amnion 

(non-amniotic). 

amoeba (plural: amoebas or amoebae): a protozoan with flexible 

form. 

amoebozoa: an amoeboid protist, with ~2,400 species. 

amphibian: a class of ectothermic tetrapod vertebrates that lay 

non-amniotic eggs; includes frogs, salamanders, and newts. 

amphidromous: fish that migrate from the sea to fresh water to 

spawn. Contrast catadromous. 
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amphisbaenian (aka worm lizard, Amphisbaenia): a group of 

squamates, usually legless, of over 180 extant species. Alt-

hough similar to snakes, they are most closely related to liz-

ards. 

amygdalin (C20H27NO11): a glycoside. 

amyloplast: a non-pigmented plant organelle that synthesizes 

and/or stores starch granules by polymerizing glucose. Amy-

loplasts also convert starch back into sugar when a plant 

needs energy. Amyloplasts are abundant in fruit and in un-

derground storage organs, such as potato tubers. 

anabolism: the metabolic pathways for constructing biopoly-

mers. See biosynthesis. Contrast catabolism. 

anaconda: a large, nonvenomous snake of tropical South Amer-

ica. 

anacoustic zone: an area where sound does not carry. 

anadromous: ascending rivers from the sea for breeding. 

anaerobe: an organism that does not require oxygen. 

anaerobic (aka anerobic): living without oxygen. Contrast aero-

bic. 

anaerobic respiration: cellular respiration without oxygen. An-

aerobic respiration is less efficient than aerobic respiration. 

anaerobiosis: living without free oxygen. 

anaphase: the stage of cell division where replicated chromo-

somes split, and 2 daughter chromatids migrate to opposite 

poles of a cell. See interphase, telophase. 

Anatidae: the family of aquatic birds that includes ducks, geese, 

and swans. Anatidae are generally herbivorous, and monog-

amous breeders. Numerous species are migratory. 

anchovy: a small fish of 140 species in 17 genera, found in the 

Atlantic, Indian, and Pacific Oceans, and in the Mediterra-

nean and Black Sea. Most anchovies are marine, but several 

species are okay with brackish water, and some in South 

America are freshwater. 

Andes (aka Andean Mountains): a 7,000 km continuous range of 

highlands along the western coast of South America; the 

longest continental mountain range in the world. The Andes 

include the world's highest volcanoes. 
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Anelosimus studiosus: a comb-foot spider native to the Ameri-

cas. A. studiosus are solitary at less than 30° latitude, but 

increasingly become colonial in biomes with pronounced sea-

sons. 

anemone: see sea anemone. 

angiosperm: a flowering plant; over 254,000 species are extant. 

anguid: a diverse family of insectivorous or carnivorous lizards 

that live in the northern hemisphere. 

anhydrobiosis: desiccation tolerance in an organism (typically 

aquatic) or life form, such as a plant seed. 

ani (biology): a tropical New World cuckoo in the genus Crotoph-

aga, with 3 species. 

animal: a kingdom of eukaryotic heterotrophs. Most animals are 

motile. The other kingdoms of eukaryotes are fungi, plants, 

and protists. 

animism: the doctrine that that there is no separation between 

the physical and spiritual world, and that a vital force is in-

herent in all matter. Contrast vitalism. 

anion: a negatively charged ion (indicating a surplus of elec-

trons). Contrast cation. 

Anno Domini (AD): Medieval Latin for "in the year of the Lord." 

A Julian and Gregorian calendar designation for the era tra-

ditionally reckoned as starting with the conception or birth 

of Jesus of Nazareth. There is no year zero in this scheme: 1 

BC ("before Christ") is followed by 1 AD.  

annual (botany): an angiosperm that lives 1 year. Crabgrass and 

watermelon are exemplary summer annuals. Henbit and 

deadnettle are winter annuals. Winter annuals are ecologi-

cally important for providing vegetative cover that feeds an-

imals during the winter, as well as preventing soil erosion 

when other plants are not around. Winter annuals are some-

times considered a pest in commercial agriculture, as they 

can host fungal diseases or insect pests. Ironically, keeping 

the soil relatively moist and preventing soil erosion during 

the winter can be problematic under many commercial agri-

culture regimes. Many food plants are annuals, or grown as 

such, including all domesticated grains. Root crops, such as 

carrots, celery, and parsley are biennials that are grown as 
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annuals to harvest their edible roots, petioles, and leaves re-

spectively. Bell peppers, sweet potatoes, and tomatoes are 

perennials that are typically grown as annuals. Compare bi-

ennial, perennial. See herbaceous. 

anoxia: oxygen depleted; hypoxia of such severity to cause per-

manent bodily damage. 

anoxic (adjective): oxygen depleted. 

anoxybiosis: a cryptobiotic response to lack of oxygen. 

ant: a colonial eusocial insect of ~22,000 extant species. 

ant (verb): to dab and or other insect juices on the body. 

Antarctica: Earth's southernmost continent, 14 million km2, the 

5th largest continent. Antarctica is the coldest, driest, and 

windiest continent, as well as averaging the highest eleva-

tion. 

Antarctic Circumpolar Current (ACC): an ocean current that 

flows clockwise, from west to east, around Antarctica. The 

ACC is the dominant circulation pattern of the Southern 

Ocean, and the largest ocean current. The ACC is circumpo-

lar because no landmass connects with Antarctica. This 

keeps warm seawater away from Antarctica, enabling the 

massive continental ice sheet.  

The ACC presents the Antarctic Convergence, where cold 

and warm waters meet, creating an upwelling rich with nu-

trients. The Antarctic Convergence nurtures phytoplankton, 

copepods, and krill, which form the bottom of the oceanic food 

chain; thus, supporting fish, cetaceans, seals, seabirds, and a 

host of seafaring animal life. 

antelope: an even-toed bovid native to Africa and Eurasia. 

anther: the pollen-carrying portion of a stamen.  

anthocyanin (aka anthocyan): a water-soluble pigment that may 

appear red, purple, or blue, depending upon pH. 

anthropoid: a monkey or ape. Compare hominid. 

anthropology: the study of human cultures and societies. 

antibiosis: an antagonistic biological interaction, where an or-

ganism produces an antibiotic against an infectious microbe. 

antibiotic: a substance toxic to certain microbes. 
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antibody: a large, Y-shape protein employed by the immune sys-

tem to identify pathogens by recognizing a chemical signa-

ture on a specific region (antigen) on the surface of a 

pathogen. 

anticipate: to make some preparation for an expectation. 

antigen (aka antibody generator): a substance that specifically 

binds to a certain antibody, provoking an immune system re-

sponse. 

antioxidant: a molecule that inhibits oxidation of other mole-

cules. 

antlion (aka ant lion, doodlebug (US) (for the markings they 

leave in the sand)): the larva of an insect in the Myrmeleon-

tidae family that traps ants and other small prey in funnel-

shaped pits dug in the sand. Adult antlions look like damsel-

flies. 

ape (aka great ape): a tailless primate, not a monkey. 

apex predator: a predator that is not preyed upon by another 

species, excluding pathogens. 

aphid (aka plant lice): an extraordinarily successful herbivorous 

insect comprising 4,400 species in 10 families. Aphids exist 

worldwide but are most populous in temperate zones. Aphids 

can migrate great distances by riding the winds. Their suc-

cess has labeled them as one of the most destructive crop 

pests in temperate climes. Many aphid species are monopha-

gous. Others forage on hundreds of plant species across many 

families. 

apophallation: deliberate penis amputation by a hermaphro-

ditic terrestrial gastropod mollusk after mating, if entwined 

penises cannot get untangled. The amputated penis does not 

grow back, but the slug may have sex in the future as a fe-

male. 

apical meristem: the growing tip of a plant from undifferentiated 

cells. 

apoplast: the diffusional space outside a plant cell's plasma 

membrane. 

apoptosis: programmed cell death. Compare necrosis. 

aposematism: coloration that warns potential predators of tox-

icity. Contrast crypsis. 
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appropriate: suitable to circumstance; fitting. 

aquifer: a water-bearing geological bed or stratum capable of 

supplying water to wells or springs. 

arachnid: the Arachnida class of invertebrates, with 8 jointed 

legs. There are over 100,000 named species, including spi-

ders, harvestmen (aka opiliones, daddy longlegs), scorpions, 

solifuges (aka camel spiders, wind spiders), ticks, and mites. 

arachnology: the study of spiders and other arachnids. 

arbitrium (plural: arbitria):  

arboreal: inhabiting trees. 

arborescent (plant): a plant with wood / tree-like. Contrast her-

baceous. 

arbovirus (an acronym for arthropod-borne virus): a virus trans-

mitted via arthropods. 

archaea (singular: archaeon): the group of prokaryotes from 

which eukaryotes arose; a taxonomic domain of life alongside 

bacteria and viruses. Archaea may account for 20% of Earth's 

biomass. Archaea are an extremely robust and versatile life 

form, with both extremophiles and ubiquity in their favor. 

Archaea are plentiful in the oceans. The archaea in plankton 

make them among the most abundant organisms on the 

planet. Archaea play roles in the carbon cycle and nitrogen 

cycle. Typically gregarious, archaea are commonly mutual-

ists or commensals. No archaeal pathogens or parasites are 

known. 

Archean (3.9–2.5 BYA): the eon when life first appeared on 

Earth, following the Hadean eon. 

archerfish (aka archer fish, spinner fish): a fish in the Toxotidae 

family with the habit of shooting down insects on nearby veg-

etation by targeted spits of water. Archerfish inhabit the 

brackish waters of mangroves swamps and estuaries, but can 

also be found in the open ocean, as well as far upstream in 

fresh water. Archerfish are found from India to Polynesia. 

archipelago (aka island chain): a clustered group of islands. 

Arcobacter: a genus of Proteobacteria that commonly colonize 

animal intestinal tracts. Many Arcobacter have mastered the 

trick of nitrogen fixation. 
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Arctic: the northern polar region, comprising a vast frozen 

ocean.  

Arctic tern (Sterna paradisaea): a mid-sized, piscivorous, migra-

tory seabird in the tern family. 

arenavirus: a genus of virus that infects rodents and humans. 

Argentine ant: a small ant native to southern South America. 

arginine: an amino acid employed in the biosynthesis of pro-

teins; a precursor for the biosynthesis of nitric oxide. 

arms race: (the idea of) 2 parties escalating their advantage in 

interacting with or competing against each other. 

army ant: an ant of over 200 species that aggressively forages in 

predatory groups, known as raids, in which enormous num-

bers roam over an area. Unlike most other ant species, army 

ants do not construct residential nests. Instead they nomad-

ically march, forming bivouacs as they travel. 

armyworm: the caterpillar of various moths. 

aromaticity: a molecule that is cyclic (ring-shaped) and planar 

(flat), with a ring of resonance bonds that has more stability 

than other geometric or connective arrangements with the 

same set of atoms. Aromatic molecules are stable. Organic 

compounds that are not aromatic are classed as aliphatic; 

they may be cyclic, but only aromatic rings have low reactiv-

ity (stability). 

arthropod: an invertebrate with an exoskeleton, a segmented 

body, and jointed appendages. Arachnids, crustaceans, and 

insects are arthropods. There are over 6 million distinct ar-

thropods. Arthropods comprise over 75% of animal species. 

Their collective biomass far outweighs that of vertebrates. 

ascaroside: a glycolipid signaling molecule used by nematodes 

for communication, both internally and with conspecifics. 

The sugar in the glycolipid is ascarylose (C15H25N3O14P2). 

asexual reproduction: biological reproduction from a single par-

ent. 

assassin bug: a predatory insect that lures its prey via subter-

fuge. 

Assyria (~25th century BCE – ~599 BCE): a kingdom in the Near 

East and Levant. 
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Asteraceae (aka aster, daisy, composite, sunflower, Compositae): 

a large, widespread family of flowering plants with over 

33,000 species in at least 1,911 genera. 

asteroid: a small rocky body orbiting the Sun. Most asteroids 

emerge from the asteroid belt between Mars and Jupiter. 

asthenosphere: the layer of Earth's upper mantle just below the 

lithosphere. 

atelid: a typically large New World monkey in the family Ateli-

dae, which includes howler, spider, woolly and woolly spider 

monkeys. 

atmosphere: the layer of gases that surround a body of sufficient 

mass. The atmosphere is held in place by the gravity of the 

body. 

atmospheric circulation: the distribution of thermal energy 

throughout the troposphere. 

atmospheric tide: analogous to ocean tides, the flow of air in the 

atmosphere based upon diurnal heating. 

atom: the smallest particle of an element, comprising at the sim-

plest a proton and an electron (hydrogen). 

atomic decay: particulate radiation by subatomic particles from 

atomic nuclei. 

atomic number: the number of protons an atom has. 

atomic species: atoms of the same type (same number of pro-

tons). 

atomic spectral line: a spectral measurement of an electron 

changing energy level. 

ATP (adenosine triphosphate (C10H16N5O13P3)): the universal 

cellular energy storage and source molecule. ATP acts like a 

battery for cellular power. See ADP. 

atropine (C17H23NO3): an alkaloid extracted from plants in the 

Solanaceae family, with simulative effects on the parasym-

pathetic nervous systems of animals. 

attine: a fungus-growing ant in the Attini tribe. 

attojoule: a unit of energy equal to 10–18 joules. 

attosecond: 10–18 seconds. 

audience effect: an animal altering behavior because it suspects 

or perceives a conspecific eavesdropping or observing. 
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auk (aka alcid): a seabird related to terns and gulls. Auks can 

"fly" underwater as well as in the air. Though agile swim-

mers and divers, auks walk clumsily. 

Australasia: a region of Oceania comprising New Guinea, Aus-

tralia, New Zealand, and neighboring islands. 

Australian golden orb weaver (Nephila edulis): a large web-

building spider native to Australia, parts of New Guinea, and 

New Caledonia. 

Australopithecus (4.2–1.8 MYA): a relatively long-lived genus of 

largely vegan hominins with considerable species diversity. 

Australopithecus africanus: a hominin that lived 3.7–3.0 MYA.  

autolysis: (cellular) self-digestion. 

autonomic: involuntary; automatic behavior in an organism. An-

imal reflexes are autonomic. 

autophagy (aka autophagocytosis): the catabolic process of recy-

cling and waste disposal in cells. See lysosome and vacuole. 

autopoiesis: a dynamic of self-sustaining activity; a system ca-

pable of maintaining and reproducing itself. A biological cell 

maintaining itself is an example of autopoiesis. Compare ho-

meostasis. 

autotomy: the ability of an animal to shed an appendage, usually 

as a defense against predation, to escape. In some instances, 

the lost body part, typically a tail, may regenerate. 

autotroph: an organism that makes its own food. Autotrophs are 

lithotrophs or photoautotrophs. Lithotrophs consume elec-

trons from inorganic chemicals for energy. Phototrophs take 

light as their primary energy source. Contrast heterotroph. 

auxin: a class of plant hormones instrumental in numerous 

growth and behavioral processes. 

avian: relating to birds. 

awareness: the quality of being conscious in the present. See 

consciousness. 

axon: a long, slender nerve fiber connecting neurons. A neuron 

has at most 1 axon. Some neurons do not have an axon. 

Ayurveda: a system of Hindu traditional health care. 

Azotobacter: a genus of soil bacteria, some of which have a sym-

biotic relationship with Cellulomonas, another soil bacte-

rium. 
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Azteca ant: a large arboreal ant indigenous to the tropical forests 

of South America. 

B 

B cell: a lymphocyte of the adaptive immune system that makes 

antibodies against antigens. Compare T cell. 

β-sheet (aka beta sheet): a secondary structure of proteins that is 

less common than α-helix. β-sheets comprise β-strands (beta 

strands) connected laterally by a backbone hydrogen bonds, 

forming a twisted, pleated sheet. 

babbler: a small to medium-sized passerine. 

baboon: a large African and Arabian monkey in the genus Papio, 

with 5 species, all having pronounced sexual dimorphisms. 

Baboons possess the innate ability for literacy (orthographic 

processing skills). 

Babylonia (~18th century–6th century BCE): an ancient civiliza-

tion in central-southern Mesopotamia. 

bacillus (plural: bacilli) a rod-shaped bacterium. Compare coc-

cus, spirillum. 

background extinction: extinction limited to relatively few spe-

cies. Contrast mass extinction. 

bacteria (singular: bacterium): a taxonomic domain of single-

celled prokaryotes, abundant in most ecosystems. Bacteria 

play vital roles in various facets of the biosphere. 

bacteriophage (aka phage): a virus that infects bacteria. 

bacteriorhodopsin: a light-sensitive protein used by archaea, no-

tably halobacteria (a misnomer, as they are not bacteria). 

Bacteriorhodopsin works as a proton pump: pushing protons 

across the cell membrane. The resultant proton gradient is 

used to create a biochemical signal. 

baculovirus: a family of invertebrate viruses. 

badger: a short-legged omnivore in the Mustelidae family. There 

are 11 badger species. 

baleen whale (aka great whale): a whale which feeds by filtering 

water through comb-like baleen plates rather than having 

teeth. 
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balling: a mass of entwined snakes, with multiple males trying 

to copulate with a female. 

bananaquit (aka sugar bird, Coereba flaveola): a small, active 

nectarivore bird found in warmer biomes of the Americas. 

banded mongoose (Mungos mungo): a colonial mongoose native 

to central and eastern African savannas, fond of eating bee-

tles and millipedes. 

bandy-bandy snake (Vermicella annulata): a black-and-white 

banded snake native to northern and eastern Australia that, 

when feeling threatened, tries to confuse by creating loops 

with its body. 

banksia (aka acorn banksia, orange banksia, Banksia priono-

tes): a shrub native to southwest Australia, with serrated 

green leaves and large, bright flower spikes, which are polli-

nated by birds. Banksia grows exclusively in sandy soil and 

is typically a dominant plant in scrubland. Banksia is an im-

portant food source for many animals in the autumn and win-

ter months.  

baobab (Adansonia): a genus of trees adapted to aridity, of 8 

species: 6 indigenous to Madagascar, 1 to Africa and the Ara-

bian Peninsula, and 1 to Australia. Baobabs grow to 5–30 

meters, with trunk diameters 7–11 m. Baobabs may live for 

thousands of years. 

Barbary macaque (Macaca sylvanus): a macaque with a vestig-

ial tail, unique for its distribution outside Asia. 

barbeled dragonfish: a deep-sea dragonfish in the Stomiidae 

family that uses fanged teeth to snag prey. Barbeled dragon-

fish have bioluminescent photophores. 

barberry (aka European barberry, Berberis vulgaris): a decidu-

ous shrub that grows to 4 m high, producing acidic berries; 

native to central and southern Europe, northwest Africa, and 

western Asia. With a tart flavor and high in vitamin C, bar-

berry berries are tailored for small birds, which disperse the 

seeds in their droppings. The barberry is thorny, and the 

plant itself is poisonous, thus effectively thwarting herbi-

vores. 

barbet: a tropical bird of 80 species, named for the bristles at the 

base of its stout, sharp bill. Weak fliers, none are migratory. 
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bark (botany): the outermost layer of a woody plant. Bark is a 

nontechnical term for the various tissues outside the vascu-

lar cambium. On older stems, inner bark is living tissue, 

whereas outer bark is dead tissue. 

barnacle goose (Branta leucopsis): a goose with largely black 

plumage, native to the Arctic islands in the North Atlantic. 

barophile (aka piezophile): an organism that thrives at high 

pressures, such as deep-sea archaea and bacteria. 

basalt: a volcanic rock, typically rich in magnesium oxide and 

calcium oxide, and low in silicon dioxide and alkali oxides. 

base (chemistry): a proton acceptor. Contrast acid. 

basement (rock): a rock below a sedimentary platform. Base-

ment rock is igneous or metamorphic in origin. 

bat: a mammal with forelimbs forming webbed wings. Bats are 

the only mammal capable of sustained flight. 1,240 bat spe-

cies are known; 70% are insectivores. 

batfish: a coral reef dwelling fish in the genus Platax. 

bay: a large body of water connected to the sea formed by an 

inlet of land which blocks some waves. 

BCE (acronym for Before the Common Era): a semi-secular alter-

native designation for the calendar scheme introduced by Di-

onysius Exiguus, who respectively used BC (before Christ) 

and AD (anno Domini) to indicate times before and after the 

life of Jesus of Nazareth. Year zero is unused in both systems. 

Dates before 1 CE (common era) are indicated as BCE. CE 

dates are typically not denoted. 

bean bug (Riptortus pedestris): a rice and bean plant consumer, 

native to east Asia; considered an agricultural pest. 

bearcat (binturong, Arctictis binturong): an omnivorous viverrid 

endemic to the tall forests of South and Southeast Asia. Nei-

ther bear nor cat, binturongs are long and heavy, with short, 

stout legs, thick, black fur, a thick, long tail, and a short, 

pointed muzzle. 

beaver: a large, primarily nocturnal, semiaquatic rodent. The 

beaver is best known for its dam-building skills, which pro-

vide still, deep water as protection against predators, and for 

floating food and building materials to construct homestead 

lodges. 



882 Spokes 2: The Web of Life  

bee: a flying insect of 20,000 species in the superfamily Apoidea. 

Bees, like ants, are a specialized form of wasp. Bees are best 

known for their product from pollinating flowering plants: 

honey. Bee sociality varies from solitary to eusocial. Bee eu-

sociality evolved independently in different species. 

bee bread: the brood food of older worker larvae. 

bee killer (Pristhesancus papuensis): an assassin bug that waits 

on flowers to grab bees as prey, using collected sticky plant 

resin which helps hold the victim. 

bee milk: a milky-white glandular secretion from the honeybee 

head which is fed to larvae. 

bee-eater: a group (26 species) of near passerine birds with slen-

der bodies, colorful plumage, and typically enlonged central 

tail feathers. 

beet armyworm (aka small mottled willow moth, asparagus fern 

caterpillar, Spodoptera exigua): a moth native to Asia, but 

now found worldwide where any of its many host crops are 

grown; a pest of global proportions. The wide host range of 

these worms includes asparagus, beans and peas, beets and 

sugarcane, celery, cereals, leafy vegetables, potatoes, toma-

toes, cotton, oilseeds, and tobacco. 

beetle: an insect with wings and shell-like body protection, in the 

order Coleoptera. 

behavior: an attributable state of action or inaction by a living 

entity. 

bends (aka decompression sickness (DCS)): dissolved gases in 

tissues at depth creating painful air bubbles when surfacing 

quickly. DCS may produce various symptoms, including 

rashes, joint pain, breathing problems, neurological damage, 

paralysis, even death. 

Benguela Current: a counterclockwise oceanic gyre in the Atlan-

tic Ocean which carries cool water. 

benthic zone (benthos): the ecological region at the bottom of the 

ocean or other water body, including the sediment surface 

and subsurface layers. 

benzene (C6H6): a plant secondary metabolite which is carcino-

genic in animals. 
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benzoxazinoid (BX): a class of plant secondary metabolites used 

against pests aboveground and below. BX is also used for in-

tra-plant communication. Benzene is part of BX nastiness. 

Beringia: the episodic Bering land bridge between Siberia and 

Alaska. 

beta oxidation: the cellular process by which fatty acid molecules 

are broken down for energy. 

biennial (botany): an angiosperm that takes 2 years to complete 

its life cycle. A biennial grows vegetative structures – roots, 

stems, and leaves – in its 1st year, before going dormant dur-

ing the colder months. Typically, biennials grow close to the 

ground, with leaves forming a rosette. Many biennials re-

quire vernalization before they will flower. Onions, carrots, 

and parsley are biennials. Contrast annual, perennial. See 

herbaceous.  

bicosoecid: a group of free-living unicellular flagellates. 

bighorn sheep (Ovis canadensis): a sheep native to North Amer-

ica, named for its large horns. 

binocular vision: the vision capability in an animal with 2 eyes 

to perceive a 3D image. See peripheral vision. 

biochemical: an organic chemical with biological import. 

biodiversity: the diversity of life at every level. Compare species 

diversity. 

bioelement: a planetary ecological element. The bioelements in-

clude the atmosphere, lithosphere, hydrosphere, and biota. 

biofilm: a colony of prokaryotes encased in a stabilizing polymer 

matrix; commonly known as slime. 

biogenesis: the birth of the biosphere. 

biogenic (substance) (aka biomolecule): a compound produced 

via an organic process. 

biologic: biological logic; the reason for a biological trait. 

biology: the science of life. 

bioluminescence: production and emission of light by a living or-

ganism. 

biome: an area where organisms live with similar conditions, 

both geographically and climatically. 

biomechanics: biological mechanics. 
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Biophytum: a genus of 50 herbaceous plants in the wood sorrel 

(Oxalidaceae) family. 

biopolymer: a polymer produced by a cell. 

bioproduct: a biologically synthesized chemical compound. 

biosonar: a synonym for echolocation. 

biosphere: the global summation of the Earth's ecosystems. 

biosynthesis: the cellular construction process of converting sub-

strates into more complex bioproducts. See anabolism. 

biota: the organisms in an environment. 

biotroph: an organism dependent upon another as a nutrient 

source. Contrast necrotroph. 

bioturbation: displacement and mixing of sediment by fauna or 

flora. 

bird: a feathered, bipedal, endothermic, egg-laying vertebrate in 

the class Aves. Birds descended from maniraptoran theropod 

dinosaurs. 10,000 living species are known. 

bird of prey (aka raptor): a carnivorous bird. 

bird-dung crab spider (Phrynarachne): a southeast Asian spider 

that looks and smells like feces to attract flies for food. 

bitter leaf plant (Veronia amygdalina): a small medicinal shrub 

native to tropical Africa. 

bitterbrush (Purshia tridentata): a shrub native to the moun-

tainous western North America. 

bivalve (Bivalvia): a class of marine and freshwater mollusks 

which includes clams, oysters, mussels, scallops, and many 

other families. 

Black Death: a plague in the 14th century, caused by an air-

borne bacterium (Yersinia pestis).  

black dragonfish (Idiacanthus atlanticus): a barbeled dragon-

fish, endemic to southern subtropical and temperate oceans, 

at depths down to 2,000 meters. 

black egret (aka black heron): a sub-Saharan African heron, 

known for its habit of using its wings as a canopy for fishing. 

black kite (aka fire hawk, Milvus migrans): a medium-sized bird 

of prey endemic to tropical and temperate biomes in Eurasia, 

Australasia, and Oceania. Temperate region black kites tend 

to be migratory. 



 Glossary  885 
 

black walnut (Juglans nigra): a flowering walnut tree native to 

Eastern North America that grows in riparian zones. 

blackbird: a black bird in the Turdus genus. 

blackpoll warbler (Setophaga striata): a migratory New World 

warbler. New World warblers (aka wood-warblers) are a 

group of small, often colorful, passerines. 

bladderwort: a freshwater, carnivorous, flowering plant in the 

genus Utricularia, with 233 species; found in wet soil or in 

the water; extant worldwide except Antarctica. 

blanketflower: a flowering plant in the genus Gaillardia, in the 

sunflower family. 

blood: an animal body fluid employed to transport nutrients to 

and waste products from cells. 

blowing a raspberry: putting the tongue between closed lips and 

producing a flatulent sound. 

blue tit (Cyanistes caeruleus): a small passerine in the tit family, 

native to Eurasia. 

blue wren (aka superb fairywren, Malurus cyaneus): a seden-

tary, territorial, passerine bird of southeastern Australia. 

blue-footed booby (Sula nebouxii): a seabird native to the tropi-

cal and subtropical eastern Pacific Ocean; named for its 

bright blue feet. An adult blue-footed booby averages 81 cm 

long and 1.5 kg. The female is slightly larger than the male. 

bluethroat (Luscinia svecica): a small, migratory, insectivorous 

passerine of Eurasia and North Africa. Male bluethroats are 

creative and imitative singers. 

blunt-leaved orchid (aka small northern bog orchid, Platanthera 

obtusata): a small orchid, widespread in the colder forests of 

the northern hemisphere.  

boa (snake): a nonvenomous constricting snake found through 

much of the world in the Boidae family. 

bobwhite quail (aka northern bobwhite, Virginia quail, Colinus 

virginianus): a ground-dwelling bird native to the United 

States, Mexico, and the Caribbean. 

bog beacon (aka swamp beacon (US)): an aquatic mushroom; the 

fruiting body of Mitrula paludosa. 
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Borderea chouardi: a small, slow-growing Spanish Pyrenees 

plant that can live over 300 years and has mutualist relations 

with 3 ant species. 

bolas spider (aka angling spider, fishing spider) a spider that 

hunts by swinging a silk bolas to snag its prey. 

bone: a rigid organ of connective tissue in vertebrates which 

forms a skeleton. Bone is mostly a fibrous matrix of compo-

site material: inorganic calcium phosphate for rigidity and 

ossein (an elastic protein (collagen)) for fracture resistance. 

bonnet macaque (aka zati, Macaca radiata): a macaque endemic 

to southern India. 

bonobo (Pan paniscus): a peaceable ape, closely related to chim-

panzees and humans. Bonobos have a matriarchal society. 

Bonobos are notably fond of sexual behaviors. 

booby: a seabird of 6–7 species in the Sula genus, closely related 

to gannets. 

boreal (aka taiga forest): a biome characterized by coniferous for-

est. Boreal is the Earth's largest land biome, comprising 29% 

of the world's forest cover. 

Borneo: the 3rd-largest island in the world, and the oldest rain-

forest, located north of Java, Indonesia. 

botany: the study of plants. 

boundary (of tectonic plates): an intercourse between tectonic 

plates. A boundary is either divergent, convergent, or a 

transform-fault. At a divergent boundary, plates move apart, 

increasing plate area. At a convergent boundary, plates come 

together, decreasing plate area, as part of one plate is sub-

ducted. At a transform boundary, 2 plates rub, in the same 

or opposite directions; plate area is unchanged. 

bovid: a cloven-footed ruminant ungulate in the Bovidae family, 

including antelopes, bison, African buffalo, water buffalo, 

(domestic) cattle, gazelles, goats, impala, muskoxen, sheep, 

and wildebeest. Bovids emerged 20 MYA. 

bower: an attractive architectural display. 

bowerbird: a medium-sized passerine of 20 species, found in the 

Pacific region. Male bowerbirds construct bowers to attract 

and seduce mates. 
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boxer crab: a small crab in the Lybia genus that holds up its 

claws for defense. 

brachiate: to progress by swinging from one arm hold to another. 

brackish water: water with more salinity than fresh water, but 

not as salty as seawater. 

Bradfield's Namib day gecko (Rhoptropus bradfieldi): a diurnal 

gecko with low metabolism, endemic to Namibia. 

brain: an animal organ central to nervous systems, located 

within the head. 

brassinosteroid: a class of steroidal plant hormones critical to 

differentiation of cells into organs, as well as contributing to 

other processes, including stress response (cold, drought). 

Brazilian owl butterfly (Caligo): a large South American 

butterfly with eye-like camouflage. 

bread mold (Rhizopus stolonifer): a black fungal mold commonly 

found on bread surfaces. Bread mold is heterothallic. 

bread palm: a cycad in the genus Encephalartos, native to cen-

tral and southern Africa. 

breadcrumb sponge (Halichondria panicea): a hardy marine 

sponge abundant in the North Atlantic Ocean and Mediter-

rean Sea, especially coastal areas. 

Breviatea: a group of unicellular, anaerobic, flagellate, amoeboid 

protists. 

bristle worm (aka polychaete): a segmented (annelid) worm, gen-

erally marine, where each body segment has fleshy bristles. 

British thief ant (Solenopsis fugax): a kleptomaniacal ant indig-

enous to the British Isles. 

bromeliad: a monocot in the Bromeliaceae family, native mainly 

to the tropical Americas, with 3,170 species. 

brood: a young offspring of an animal. 

brood parasitism: passing one's own eggs off on another species 

to raise. Avian cuckoos are typical brood parasites. 

brown hoplo (aka armored catfish, curito, cascadu, atipa, hassa, 

Hoplosternum littorale): a catfish native to tropical eastern 

South America with plate-like armor on its sides. 

brown snake (Storeria dekayi): a small ovoviviparous snake in 

the western hemisphere known to play dead in distress. 
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brushtail possum: a nocturnal, semi-arboreal marsupial in the 

Trichosurus genus, native to Australia. Brushtails are in-

ventive and determined foragers. 

Bryde's whale (Balaenoptera brydei): a small rorqual whale 

which prefers warmer waters over the polar seas that other 

baleen whales frequent. Bryde's are largely coastal rather 

than pelagic. 

bryophyte: a plant that lacks vascular tissue. Mosses, horn-

worts, and liverworts are bryophytes. 

buckhorn (aka ribleaf, English plantain, narrowleaf plantain, 

ribwort plantain, lamb's tongue, Plantago lanceolata): a flow-

ering plant in the plantain family; a common weed on culti-

vated land in the British Isles. Buckhorn was introduced in 

the Americas and Australia and is now widespread there. 

budding: a mother asexually creating a smaller daughter. 

Baker's yeast reproduces by budding. 

budgie (aka budgerigar, pet parakeet, Melopsittacus undulatus): 

a small, long-tailed seed-eating parrot, native to the drier re-

gions of Australia. 

bugleweed: a mint plant of 40–50 species in the genus Ajuga. 

bulb: a plant food storage organ for dormancy. 

bulbul: a medium-sized passerine in the Pycnonotidae family, 

found in Africa, the Middle East, and tropical Asia to Indo-

nesia and Japan. 

bur cucumber (aka bur gherkin, cackrey, gooseberry gourd, ma-

roon cucumber, Cucumis anguria): a vine indigenous to Af-

rica with ovoid to oblong fruit. 

Burkholderia: a genus of bacteria, some species pathogenic. 

burying beetle (aka sexton beetle): a beetle in the Nicrophorus 

genus which buries a small vertebrate as a larder for its lar-

vae. 

bushbaby (formally: galago): a small, slow-moving nocturnal 

prosimian in the family Galagidae, native to continental Af-

rica. 

butterfly: a flying diurnal insect of 17,500 extant species. Com-

pare moth. 
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butterfly effect: a sensitive dependence on initial conditions, 

where an incremental change at one place in a nonlinear sys-

tem creates a cascade that results in large changes. 

button mushroom (aka Agaricus bisporus; also known by a host 

of other provincial names): the most commonly and widely 

consumed mushroom in the world. 

buzz pollination (aka sonication): a technique by pollinating 

bees to release pollen by vibrating their bodies near the an-

ther. 

BYA: billions of years ago. BY as an acronym for "billion years" is 

deprecated in modern geophysics in favor of Ga, shorthand 

for gigaannum. Sometimes the old ways are the best. 

C 

C3 plant: a plant that produces phosphoglyceric acid, with 3 car-

bon atoms, as its 1st-stage photosynthetic product. C3 plants 

are adapted to cool, wet environments. Compare C4, CAM. 

C4 plant: a plant that produces oxaloacetic acid, with 4 carbon 

atoms, as its 1st-stage photosynthetic product. C4 plants are 

adapted to hot, sunny environments. Compare C3, CAM. 

cabbage (Brassica oleracea and variants): a leafy, green or 

red/purple biennial, grown as an annual vegetable crop for 

its dense-leaved heads. 

caddisfly (aka sedge-fly, rail-fly): a small moth-like insect with 

2 pairs of hairy membranous wings; of 12,000 species in the 

order Trichoptera, closely related to moths and butterflies. 

The aquatic larvae of many species construct protective cases 

from available materials. 

caffeine (C8H10N4O2): a bitter crystalline alkaloid and stimulant. 

Plants employ caffeine in their seeds, leaves, and fruit as a 

pesticide. Found in minute measure in nectar, caffeine en-

hances the reward memory of pollinators. 

Cafeteria roenbergensis: a tiny, bacterivorous, marine, flagellate 

zooplankton. C. roenbergensis is a rather flat, kidney-shaped 

bicosoecid, 3–10 µm long. 

caiman: a smallish alligatorid crocodilian native to Central and 

South America, living in marshes, swamps, mangrove rivers, 

and lakes. Caimans eat primarily fish. 
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Cairo spiny mouse (Acomys chairinus): a nocturnal rodent en-

demic to the rocky hills and hot deserts of north Africa. 

calcium (Ca): the element with atomic number 20. Calcium is a 

soft, gray, alkaline, earth metal. Calcium plays vital roles in 

biochemistry and physiology. See calcium channel. 

calcium channel: a calcium ion (Ca2+) channel. Calcium chan-

nels are a ubiquitous cellular communication means. 

callitrichid (Callitrichidae, aka Arctopitheci, Hapalidae): the 

family of arboreal New World monkeys that includes 

marmosets and tamarins. 

CAM plant: a plant with a variation of the C4 pathway, using 

crassulacean acid metabolism (CAM) to fix atmospheric CO2. 

By minimizing photorespiration, CAM plants adapted to hot, 

dry environments. Most succulents are CAM plants. Com-

pare C3, C4. 

cambium: a thin formative layer between the xylem and phloem 

of vascular plants that gives rise to new cells. 

Cambrian (542–485 MYA): the 1st period of 6 in the Palaeozoic 

era, when the fossil record evidences a vast proliferation of 

complex life. The name derives from Latin for the area in 

Wales where the best Cambrian rocks in Britain are exposed. 

camouflage: obscuring concealment through appearance and/or 

in/action. 

cAMP: see cyclic adenosine monophosphate. 

campion: a plant in the carnation family.  

Canary Islands: an archipelago just off the northwest coast of 

northwest Africa. 

cancer: a disease characterized by uncontrolled cell growth. 

cane toad (aka marine toad, Rhinella marina): an opportunistic 

toxic toad native to Central and South America. 

canid (aka canine): a carnivorous and omnivorous mammal in 

the family Canidae that includes wolves, dogs, foxes, jackals, 

coyotes, and other such mammals. 

Candida albicans: a microscopic fungus found in yeast and fila-

mentous cells. 

cannibalism: consumption of conspecifics. Cannibalism is selec-

tively practiced by many animals, including humans. 
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canopy (botany): the uppermost cover of a forest, formed by the 

leafy upper branches of trees. 

cape gannet (Morus capensis): a large seabird, known for their 

elaborate greeting rituals at their nests. 

Cape sumach (aka Pruimbos, Osyris compressa): a woody para-

sitic plant, native to South Africa. 

capillary action: the ability of a liquid to readily flow when nar-

rowly confined in a solid tube, essentially ignoring gravity. 

capsid: a viral protein protective coat. 

capuchin: an omnivorous New World monkey. 

capybara (Hydrochoerus hydrochaeris): the largest extant ro-

dent in the world; a gregarious native South American living 

near bodies of water. 

carbohydrate: a macromolecule containing carbon, hydrogen, 

and oxygen. Carbohydrates are sugars of varying complexi-

ties. See saccharide. 

carbon (C): the element with atomic number 6; a gregarious el-

ement, with 4 electrons available to form covalent bonds. Life 

is based upon molecules made with a carbon backbone. 

carbon cycle: the gaseous cycling of carbon exchange among the 

geosphere, pedosphere, hydrosphere, atmosphere, and bio-

sphere. 

carbon dioxide (CO2): a colorless gas that has fluctuated in con-

centration in Earth's atmosphere through geologic time. 

Plants breathe CO2. Animals exhale it. CO2 is a greenhouse 

gas. 

carbon fixation (aka carbon assimilation): conversion of inor-

ganic carbon (CO2) into organic carbon compounds. 

Carboniferous (359–299 MYA): the 5th period of 6 in the Palaeo-

zoic era, following the Devonian period and preceding the 

Permian. Vast forests covered the land. Their demise pro-

duced the coal beds which came to characterize the geology 

of the period, and after which the period is named. Amphibi-

ans were dominant. Arthropods were quite common. 

carbonyl (CO): an organic functional group in aldehydes, ke-

tones, carboxylic acids, esters, and their derivatives, compris-

ing a carbon atom double-bonded to an oxygen atom (C=O). 
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carboxylic acid: a polar molecule (–CO2H) connected to a hydro-

carbon. A carboxylic acid completes itself with a side chain. 

cardinal (bird): a passerine of the Americas. 

cardinal (number): a number indicating quantity. Compare or-

dinal number. 

caribou: see reindeer. 

carnation: a flowering plant in the Caryophyllaceae family, also 

called the pink family, with 81 genera and 2,625 known 

species. Carnation (aka clove pink) is also used for Dianthus 

caryophyllus, an herbaceous perennial native to the 

Mediterranean region. 

carnivore (aka predator): a meat eater. Compare herbivore, om-

nivore, saprovore. 

carotenoid: a tetraterpenoid organic pigment occurring in pho-

tosynthetic organelles of plants (e.g., chloroplasts). 

carp: a large group of freshwater fish native to Eurasia. 

carpel (aka pistil): the female part of a flower, acting as a pollen 

receptor. 

carpenter ant: a large eusocial ant in the genus Camponotus, 

found in much of the world. Carpenter ants like to build their 

nests in damp, dead wood. 

carrying capacity: the (idea of a) maximum population size of a 

species given the constraints imposed by the environment. 

castor bean (aka castor oil plant, Ricinus communis): a flowering 

perennial in the spurge family. 

cat (Felis catus): a small, typically furry carnivorous mammal 

which domesticated itself 10 millennia ago. 

cat's claw (aka Schrankia uncinata): a semi-woody vine with 

leaves that fold up when disturbed, exposing recurved 

thorns. Cat's claw blooms bright pink star-burst flowers in 

congested bunches. 

catabolism: the controlled cellular process (metabolic pathway) 

of breaking down organic matter to harvest energy via cellu-

lar respiration. Compare anabolism. 

catadromous: fish that migrate from fresh water into the sea to 

spawn. Contrast amphidromous. 

catastrophism: a theory that Earth has been episodically af-

fected by sudden violent events. Contrast uniformitarianism. 
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catbird: a bird that may belong to several unrelated groups of 

songbirds. The 3 species of catbirds in the genus Ailuroedus 

are bowerbirds that do not build bowers. 

catechin: a phenol plant secondary metabolite, typically em-

ployed to hinder the growth of neighbors (allelopathy). Cate-

chin constitutes 25% of the weight of tea leaves, as well as 

being present in cocoa (chocolate), and other fruits and vege-

tables. As an antioxidant, catechin is a healthy chemical for 

humans. 

caterpillar: a larva of a butterfly or moth. 

cation: a positively charged ion (indicating a deficit of electrons). 

Contrast anion. 

cattle egret (Bubulcus ibis): an egret with an affinity for cattle, 

from which it cleans ticks and flies as a dietary mainstay, 

with considerable tolerance by the client grazer. 

caudex: a plant stem from which new growth arises. The term 

caudex is usually used with plants with an atypical stem 

morphology, such as cycads, ferns, and palms. 

causal reasoning: the mental ability to infer an unperceived 

mechanism for an effect that is detectable. 

cebid (Cebidae): a family of arboreal New World monkeys that 

includes the capuchin and squirrel monkeys. 

cecum: a pouch at the beginning of the large intestine. Herbi-

vores have an especially active cecum, full of digestive bacte-

ria cohorts.  

cell (biology): the basic physical unit of living organisms. 

cell signaling: a protocol for cellular communication, whether 

intracellular or intercellular. 

cell wall: a flexible membrane holding the contents of the cell 

and providing an interface to the outside environment. 

Cellulomonas: a genus of soil bacteria that feed on cellulose. Cel-

lulomonas have a symbiosis with Azotobacter, another bacte-

rium. 

cellulose ((C6H10O5)n): a polysaccharide employed as a primary 

component of plant cell walls. 
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Celsius (aka centigrade): a standard temperature scale, where 

100° C is the boiling point of water, and 0° C its freezing 

point. 

Cenozoic (65.5 MYA–NOW): the geological era from the demise of 

the dinosaurs to present day. 

centipede: an arthropod with an awful lot of legs; metameric an-

imals with a pair of legs for each body segment. Of the esti-

mated 8,000 species, leg pairs vary have from under 20 to 

over 300, but always an odd pair number (e.g., 15 or 17 pairs), 

never even. 

central nervous system: the brain and nervous system associated 

with it. In vertebrates, the central nervous system includes 

the spinal cord. 

cephalopod: a class of marine animals in the mollusk phylum, 

including squid, octopuses, cuttlefish, and nautilus among 

the over 800 extant species. 

Ceratozamia: a genus of New World cycads with 26 extant spe-

cies, endemic to the mountains of Mexico and nearby regions. 

cercopithecid (aka Cercopithecidae): a group of Old World mon-

keys that include baboons, guenons, macaques, mandrills, 

mangabeys, patas monkeys, and vervets. 

cercus (plural: cerci): one of the paired whisker-like appendages 

protruding from the rear of a cockroach's or earwig's abdo-

men. Cerci are covered in hairs which are sensitive to air 

movements. 

cerebral cortex: the outermost layer of neural tissue in the cere-

brum in mammals. 

cerebrum (aka forebrain): the part of the mammalian brain com-

prising the cerebral cortex and several subcortical struc-

tures, including the basal ganglia, hippocampus, and 

olfactory bulb. 

cestode: a parasitic flatworm, most of which are tapeworms. 

Cerrado: a vast tropical savanna in Brazil. 

Cetacea: a clade of aquatic mammals of ~89 species, commonly 

called whales, dolphins, and porpoises. Most cetacean species 

prefer colder waters. Cetaceans are adapted to stay under 

water for extended periods: 7 to 30 minutes – much longer 

than most other mammals. 
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chacma baboon (aka Cape baboon, Papio ursinus): the largest of 

all monkeys, native to southern Africa. 

chaffinch (Fringilla coelebs): a small finch. 

chalcid wasp: one of the largest groups of wasps, with an 

estimated 60,000–500,000 species. Most chalcid wasps are 

parasitoids of other insects. 

chameleon: a distinctive and highly specialized clade of Old 

World lizards, with over 200 species. Many chameleons can 

change color at will. 

chamois (Rupicapra rupicapra): a goat-antelope of 2 species, en-

demic to the mountains of Europe. 

Chantek: a male orangutan born in captivity and reared like a 

human child, providing a demonstration of how close apes 

and humans are in their capabilities. 

characin: a ray-finned fish in the Characiformes order, with a 

few thousand species, including the well-known piranha. 

chaulmoogra: the oil from the kalaw tree. Chaulmoogra is some-

times itself called the tree. Chaulmoogra is a traditional Chi-

nese and Indian medicine for treating leprosy. 

cheetah (Acinonyx jubatus): a large feline indigenous to Africa 

and part of the Middle East. The cheetah is the absolute fast-

est land animal: able to accelerate from 0 to 100 km/h in 3 

seconds; and able to sustain 115 km/h for short distances 

(500 m). The cheetah's agility, and its ability to anticipate the 

escape maneuvers of its specific quarry, gives it the hunting 

edge it needs. 

chelicerae: the mouthparts ("jaws") of chelicerates. 

chelicerate: a subphylum (Chelicerata) of arthropod which in-

cludes arachnids, sea spiders, and horseshoe crabs. 

chemistry: the science of matter, especially chemical reactions. 

chemo-communication: chemical communication. 

chemobiosis: a cryptobiotic response to environmental toxins. 

chemoreception: reception of a chemical signal. 

chemosynthesis: employing chemical reactions to generate usa-

ble energy. 

chemotherapy: a chemical treatment regime to kill cancer cells; 

often combined with radiation, surgery, and/or hyperthermia 

(raising the body temperature) therapy. 
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chemotropism: plant movement in response to chemical stimu-

lus. 

chickadee: see tit. 

chicken: a domesticated subspecies of the red junglefowl. 

chimeric: an organism of diverse genomic constitution. 

chimpanzee (Pan troglodytes): a medium-sized ape, closely re-

lated to bonobos and humans. 

chipmunk: a small, striped North American rodent in the family 

Sciuridae, excepting the Asian-native Siberian chipmunk. 

chinook (salmon): the largest species of the Pacific salmon fam-

ily. Chinook spend one to 8 years in the ocean (3–4 years av-

erage) before returning to the home river to spawn. 

chiroptology: the study of bats. 

chitin ((C8H13O5N)n): a long-chain polysaccharide that includes 

proteins, lipids, and catecholamine. Chitin serves as the 

main component of the cell walls of fungi, the exoskeletons of 

animals such as insects and arthropods, and the beaks of 

cephalopods, including octopi and squid. Compare keratin. 

Also see lignin. 

Chlamydia (aka chlamydia): a genus of obligate intracellular 

bacteria parasites. Chlamydia depend the cytoplasm of a eu-

karyotic host cell for growth and replication. The 3 chlamydia 

species respectively infect mice and hamsters, swine, and hu-

mans. 

Chlamydomonas reinhardtii: a tiny (10 µm), single-cell, photo-

synthetic, green alga, found worldwide in soil and fresh wa-

ter; the only known vegetation capable of consuming 

cellulose. 

chlorenchyma: plant tissue of parenchyma cells that contain 

chloroplasts. 

Chlorobium aggregatum: a symbiosis of 2 different bacteria spe-

cies that feed each other. 

chlorophyll: the green biomolecule in cyanobacteria and the 

chloroplasts of algae and plants that absorbs light for photo-

synthesis. 

chlorophyll c: a golden form of chlorophyll that is an accessory 

pigment to chlorophyll a, which is the green primary photo-

synthetic pigment. Chlorophyll c has light absorption in the 
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500–600 nm region. Chlorophyll c has a chemical structure 

distinct from other chlorophylls commonly found in algae and 

plants.  

chloroplast: the photosynthetic plastid in algae and plant cells. 

chloroplast capture: obtaining the genome of another plant by 

uptake of an organelle. 

chordate: an animal in one of the following groups: fish, amphib-

ian, reptile, bird, tunicate, lancelet, or mammal; an animal 

with tadpole characteristics (a notochord, a hollow dorsal 

nerve cord, pharyngeal slits, an endostyle, and a post-anal 

tail) during some period of its life cycle; a member of the phy-

lum Chordata. 

chough: a lifelong monogamous corvid that lives in the moun-

tains of southern Eurasia and North Africa. Choughs are in 

the Pyrrhocorax genus, with 2 species. 

chromatic aberration: variation of focal length at different light 

wavelengths, with resultant prismatic coloring. 

chromatin: the combination of proteins and DNA that comprise 

genetic information storage in the nucleus of a eukaryotic 

cell. 

Chromista (biological classification): a eukaryotic kingdom un-

der some taxonomy schemes with various definitions, albeit 

typically including algae; introduced by Tom Cavalier-Smith 

in 1981. 

chromophore: the moiety that causes a conformational change of 

a photosensitive molecule when hit by light. 

chromosome: an elaborately coiled package of genetic material 

in a eukaryotic cell, comprising DNA, regulatory elements 

such as histones, and other nucleotide sequences. Compare 

genophore. 

chum (salmon) (aka dog salmon, Keta salmon): a Pacific salmon. 

Chum travel up the Yukon river more than 3,200 km to 

spawn. They spend 1 to 3 years traversing the Pacific Ocean 

over long distances. Chum live 6–7 years. 

chytrid: a primitive fungus. 

cicada: a flying insect of 3,000+ species in the Cicadoidea family. 

Cicada live most of their life underground, coming to the sur-

face as adults to make a racket and mate for a few weeks or 
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months. Individually defenseless, cicada numerically over-

whelm predators by emerging en masse; a phenomenon 

called predator satiation. 

cichlid: a freshwater fish in the large, diverse family Cichlidae, 

with ~3,000 species; found in the tropics of Africa, Madagas-

car, southern Asia, and America. The most varied speciation 

occurs in Africa and South America. Cichlid diets range from 

vegetarian to carnivorous. Cichlids have complex mating and 

parental care behaviors. All cichlids practice parental care 

for their eggs and fry. 

ciliate: a group of protozoans characterized by cilia. 

cilium (plural: cilia): a slender protuberance projecting from a 

cell, capable of undulating wave motion. 

circadian: daily cycle. 

circadian rhythm: a biological process entrained to an endoge-

nous oscillation of about 24 hours. 

circulatory system (aka cardiovascular system, vascular system): 

an organ system for circulating nutrients via blood cells. 

circumnutation: recurring spiral oscillation by a plant part. 

circumstance: the situational sum of essential and environmen-

tal factors. 

cirrus cloud: a genus of atmospheric cloud characterized by thin, 

wispy strands at altitudes of at least 5,000 m. 

citrus greening disease: a fatal plant disease caused by Liberi-

bacter bacteria that begins with yellowing leaf veins and ad-

jacent tissue. 

clade (biological classification): a group of biological taxa, such 

as genus, which includes all descendants of a common ances-

tor. 

cladism (evolutionary biology): (aka phylogenetic nomenclature, 

cladistics): biological classification based upon clade, reliant 

upon branching. 

clam: a bivalve which consumes plankton by filter feeding. 

class (biological classification): the taxon above order and below 

phylum. Though the taxon was introduced by Joseph de 

Tournefort in 1694, botanists nowadays typically don't use 

class. See family. 
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Claviceps purpurea: a poisonous ergot fungus that grows on the 

ears of rye and related plants.  

cleaner fish: a fish that provides a cleaning service to other spe-

cies by removing ectoparasites and dead skin. 

cliff-rose (Cowania stansburiana): a genus of 5–8 species of flow-

ering plants native to western North America. 

climate: a characterization of tropospheric activity in an area 

over ~30 years, accounting for seasonal variations. The 

standard of 30 years is often adjusted to suit reportage. Com-

pare weather. 

climax vegetation: dominant plants in a biome. 

cloaca: the shared portal for the digestive and reproductive 

tracts in amphibians, reptiles, birds, and monotremes. 

clone: an organism that is genetically selfsame to its parent. 

cloud: a visible mass of liquid droplets or frozen crystals in the 

atmosphere. 

cloud condensation nuclei: water particles 1–1,000 micrometers 

in diameter. 

clownfish: a small marine fish best known for its mutualist re-

lations with sea anemone. 

clutch: a group of laid eggs. 

clutch coordination: the practice of some colonial birds to con-

temporaneously time their egg-laying. 

Cnidaria: a phylum of early-evolved jelly-like aquatic animals 

which includes jellyfish and anthozoa. There are now over 

10,000 species. The distinguishing feature of cnidarians is 

cnidocytes. Cnidarian bodies are made of mesoglea. Jellyfish 

are exemplary cnidara, though coral too are cnidarians. Com-

pare Ctenophora. See Coelenterata. 

cnidocyte (aka cnidoblast, nematocyte): an explosive cell contain-

ing 1 giant secretory organelle (cnida). Cnidae are used to 

capture prey and defend against predation. 

coal: a blackish combustible sedimentary rock from compressed 

vegetation millennia old. Compare petroleum. 

coalition: 2 or more individuals joining forces against one or 

more conspecific rivals. Many birds and mammals are known 

to form coalitions, either for resource access (typically food 
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sharing), or for social reasons, such as grooming, or help in a 

conflict. 

coast redwood (aka coastal redwood, Sequoia sempervirens): an 

evergreen conifer tree, the tallest in the world (115 m). Coast 

redwoods, which require a humid climate, are endemic to the 

northern California and southern Oregon coast, within 60 

km of the ocean. Though commonly confused, the coast red-

wood is a different species than the sequoia, which is the 

most massive tree, albeit reaching 95 m in height. Sequoia 

may live 3,200 years, whereas coast redwoods survive only 2 

millennia or so. 

coati (aka coatimundi and other local names): a diurnal mam-

mal in the racoon family, native to southwestern North 

America, Central America, and South America. 

cobra: a venomous snake that can expand its neck ribs to form 

a widened hood. Various cobras are found throughout the 

world. 

cobweb (spider): see theridiid. 

cocaine (C17H21NO4): an alkaloid derived from the coca plant, 

used medicinally and recreationally as a stimulant. 

coccolithophore: a unicellular, eukaryotic alga. 

cochlea: a spiral-shaped cavity, forming a division of the inter-

nal ear in birds and mammals. 

cockatoo: an Australasian parrot in the Cacatuidae family, of 21 

species. 

cockle: a small marine clam. 

cocklebur: a flowering plant in the genus Xanthium, native to 

eastern Asia and the Americas. 

cockroach: a typically large insect with a broad, flattened body 

and relatively small head. 30 of the 4,500 species are consid-

ered pests, as they are inclined to live in human habitats. The 

largest and heaviest cockroach is the Australian giant bur-

rowing cockroach, which can reach 9 cm and weigh more than 

30 g. The giant cockroach native to Central America is as big, 

though not quite as heavy. Cockroaches are in the order Blat-

todea, which also includes termites. 

coccus (plural: cocci) a spherical bacterium. Compare bacillus, 

spirillum. 
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coevolution: intertwined adaptation among species inspired by 

their interaction. 

Coelenterata: an archaic phylum containing Cnidaria and Cte-

nophora. 

cognition: the process of understanding, involving both aware-

ness and judgment. 

coherence: the intelligent interaction behind Nature. Like Ĉon-

sciousness, coherence localizes. 

cohesion-transport theory: the dominant theory as to how plant 

sap can defy gravity, which is by pressure variations. 

coho (salmon): a salmon species, with a traditional range along 

both sides of the Pacific Ocean, from Hokkaidō, Japan around 

the Bering Sea to mainland Alaska, extending as far south 

as Monterey Bay, California. Coho are easily fished, and so 

have suffered precipitous decline due to ravenous human 

harvesting. 

coleoid: the group of cephalopods that includes squid, cuttlefish, 

and octopi. Their sister group, the nautiloids, have a rigid 

outer shell for protection. In contrast, coleoids have at most 

an internal shell, bone or cartilage used for buoyancy or sup-

port. 

Collective: people who follow their biological urges as natural 

imperative. The Collective believe emotions and beliefs are 

valuable. The Collective comprise the bulk of human popula-

tions.  

colobine: an Old World monkey in the group Colobinae, which 

includes colobus, douc, langur, lutung, surili, snub-nosed, 

and proboscis monkeys.  

colobus: a monkey native to equatorial Africa, of 2 genera: one 

is the black-and-white colobus (Colobus), the other the red 

colobus (Procolobus). 

colony: a population of tolerant individuals. 

colpus (plural: culpi): a furrow in a pollen grain. 

colubrid: a snake in the largest snake family (Colubridae), with 

304 genera and 1,938 species, which comprises 2/3rds of 

snake species. The earliest colubrids date to the Oligocene. 

Colubrids live on every continent except Antarctica.  

comb (fungal): a fungus garden. 
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commensalism: a relationship of between 2 organisms where 

one benefits without affecting the other. 

common ancestor: the hypothesis that all life somehow arose 

from a single life form. 

common clubhook squid (Onychoteuthis banksii): an oegopsid 

squid that may grow to 14 cm, native to the central and 

northern Atlantic Ocean and the Gulf of Mexico. 

common house spider (aka American house spider, Parasteatoda 

tepidariorum): a cobweb spider indigenous to the New World. 

common murre (aka common guillemot, thin-billed murre, Uria 

aalge): a diving seabird living in the chilly waters of the 

northern oceans. The murre lives largely at sea, coming to 

land only to breed. 

common poorwill (Phalaenoptilus nuttallii): a nocturnal bird na-

tive to western North America. Common poorwills inhabit 

dry, open areas. Many, but not all, migrate to warmer climes 

for the winter. Those that stay hibernate, which is rare for 

birds. 

communication: emitted ecological information by an organism. 

communication substitution: signaling in a way that relies upon 

a strong innate pre-existing reception. 

compass plant (aka pilotweed, polarplant, Silphium lacinia-

tum): an angiosperm in the aster family, native to North 

America. 

complementation (genetics): the instance of genetic combination 

via various mutations. 

compound (chemistry): a combination of elements bonded into a 

molecule. 

concept (aka idea): an abstract mental construct involving dis-

criminatory categorization. 

conceptualize, conceptualization: mentally resolving perceptions 

into a concept. 

conifer: a woody, cone-bearing, seed plant. Most conifers are 

trees, with a few shrubs. Conifers dominate the forests in the 

northern hemisphere. 

coniine (C8H17N): a poisonous alkaloid in hemlock. 
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conjugation (microbes, particularly bacteria): a term used for 

horizontal gene transfer (HGT) by researchers in 1946, who 

analogized HGT process to sex. 

conscientiousness: the tendency to moral integrity; also, the ten-

dency to be careful, meticulous. 

consciousness: the platform for awareness in an individual life 

constituent (e.g., organism, cell). Compare Ĉonsciousness. 

Ĉonsciousness: the unified field of consciousness. Compare con-

sciousness. 

conservation (evolutionary genetics): preservation of a trait 

through generations (of cells or offspring). 

consortship: a mating partnership, typically referring to apes. 

conspecific: of the same species. Contrast interspecific. 

consumer (biology) (aka heterotroph): an organism unable to 

sustain itself by inorganic means. Animals are consumers. 

Contrast producer. 

continent: a gigantic landmass, 7 of which are currently extant 

on Earth: Africa, Antarctica, Asia, Australia, Europe, North 

America, and South America. 

continental drift: the movement of tectonic plates that causes 

continental masses to move about. 

continental shelf: a relatively shallow submarine plain at the 

edge of a continent. 

continental slope: the steep slope from a continental shelf to oce-

anic abyss. 

convection: the concerted, collective movement of fluids (liquids, 

gases) and rheids (solids deformed by viscous flow). 

convergent boundary: a boundary where tectonic plates come to-

gether, with one plate subducting under another. Contrast 

divergent, transform. 

convergent evolution (aka parallel evolution): the independent 

evolution of similar traits in organisms of separate species 

which are usually not closely-related. 

convict cichlid (aka zebra cichlid, Amatitlania nigrofasciata): a 

small cichlid known for its aggressiveness when breeding; so 

named for their vertical black stripes which are reminiscent 

of the striped prison uniforms of British convicts. 
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coordination complex (chemistry): a molecular binding configu-

ration, typically based upon covalent bonds. Coordination 

complexes are ubiquitous in chemical structures and reac-

tions. 

copepod: a group of small (1–2 mm) crustaceans that live in the 

sea and nearly every freshwater habitat. 13,000 species are 

known, of which 2,800 are freshwater dwellers. 

copper shark (aka narrowtooth shark, bronze whaler): a species 

of requiem shark, the only species of its genus that favors 

temperate latitudes. Copper sharks are found in brackish es-

tuaries and rivers, shallow bays, and offshore waters to 100 

meters or more. 

coral: a colonial marine invertebrate comprising numerous iden-

tical polyps. 

coral snake: a large group of typically small venomous snakes 

found in temperate to tropical regions throughout much of 

the world, with ~81 species in 6 genera. 

coral trout (aka leopard coral grouper, Plectropomus leopardus): 

a marine piscivore native to the western Pacific Ocean. 

corbicula (plural: corbiculae): a pollinating-insect pollen basket. 

corella: a white cockatoo of 6 species native to Australasia. 

Coriolis effect: generally, a deflection of moving objects when 

viewed from a rotating reference frame. In meteorology, the 

rotation of Earth and inertia of its mass cause a Coriolis ef-

fect that manifests as a pronounced atmospheric circulation.  

cork cambium: the secondary tissue in vascular plants that re-

places the epidermis in stems and roots. 

cormorant (aka shag): a medium-to-large coastal, aquatic, pis-

civorous bird of ~40 species, native to Eurasia, parts of Af-

rica, North America, Australia, and New Zealand. Most are 

seabirds, though some cormorants ply inland waters. Cormo-

rants are excellent divers. The classification of cormorants is 

contentious. 

corn (aka maize, Zea mays): a large grain plant domesticated by 

Mesoamericans in prehistoric times; commonly considered a 

vegetable. 

cornea: the transparent front cover of the eye. 
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cornflower (aka bachelor's button, bluebottle): an annual angio-

sperm in the family Asteraceae. 

coronatine (C18H25NO4): a toxin produced by the phytopatho-

genic bacterium Pseudomonas syringae. Coronatine is in-

strumental in causing stomata to reopen after they close in 

response to recognizing invasion, as well as interfering with 

post-infection responses mediated by salicylic acid. 

cortex: the outermost layer of an organ. See cerebral cortex. 

corvid: a cosmopolitan bird family (the crow family) of over 120 

species, including choughs, crows, jackdaws, jays, magpies, 

nutcrackers, ravens, rooks, and treepies.  

corybantic: wild; frenzied; in the spirit of a Corybant. The Cory-

bants were priests devoted to Cybele, known for their wildly 

emotional rites. Cybele was a Nature goddess to the ancient 

peoples of Asia Minor. 

cosmic rays: radiation from outer space. 

cosmopolitan (biogeography): a taxon with species in a broad 

range of biomes. 

cosmotrophic: an organism that can survive in space. 

Cotesia: a genus of a parasitoid wasps that harbor polydna-

viruses to effect their parasitism. 

cottonmouth (aka water moccasin, Agkistrodon piscivorus): a 

venomous snake native to the southeastern United States; 

the only semiaquatic viper, usually found near or in slow-

moving water bodies. 

cotyledon: an embryonic leaf in an angiosperm seed. See dicot, 

monocot. 

coumarin (C9H6O2): a phytochemical with a vanilla-like flavor. 

cowbird: an insectivorous New World brood parasitic passerine 

of 5 species in the Molothrus genus. 

coyote (aka American jackal, prairie wolf, Canis latrans): an om-

nivorous canine species native to Central and North Amer-

ica. The coyote evolved separately from jackals, which occupy 

a similar ecological niche in Eurasia and Africa. 

coyote tobacco (Nicotina attenuata): a species of tobacco native 

to western North America. 

crab: a 10-footed (decapoda) crustacean, typically with a thick 

exoskeleton and a pair of claws on its front legs. 
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craton: the stable part of a continental plate, generally in the 

interior, built upon basement rock. 

crèche: a nursery. 

creeping daisy (aka creeping-oxeye, wedelia, Sphagneticola trilo-

bata): a flowering plant with wide ecological tolerance, origi-

nally native to Central America and the Caribbean, though 

now with and expanded range throughout the Neotropics. 

The creeping daisy is widely cultivated as an ornamental 

groundcover, and so has been taken around the world, with 

dismay for its prolific success. It rapidly spreads vegeta-

tively. The creeping daisy is damned as one of the worst in-

vasive species by International Union for Conservation of 

Nature, which absentmindedly makes no mention of humans 

as a horrific invasive species. 

creeping dogwood (aka Canadian dwarf cornel, Canadian 

bunchberry, crackerberry, quatre-temps, Cornus canadensis): 

a species of creeping, rhizomatous perennial, growing to ~20 

cm tall. 

crepuscular (biology): an animal active primarily during twi-

light (dawn and dusk), as contrasted to diurnal or nocturnal. 

As a legacy from their time underfoot of dinosaurs, many 

mammals are crepuscular, as are most moths, many beetles 

and flies, and some birds. For temperature reasons, desert 

squamates tend to be crepuscular. 

Cretaceous (145–66 MYA): the 3rd and last period in the Meso-

zoic era, following the Jurassic and preceding the Paleogene. 

The name derives from the Latin for chalk, and is abbrevi-

ated as K. The Cretaceous ended with the major mass extinc-

tion event that killed all non-avian dinosaurs. 

cricket (aka true cricket): an insect with a somewhat flattened 

body and long antennae. 900 cricket species are known. 

Crickets are related to katydids; more distantly related to 

grasshoppers, with which they are often confused. 

crocodile: a large, semiaquatic reptile which first evolved 83.5 

MYA. Birds are their closest living relative. 

Cromwell Current (aka Pacific Equatorial Undercurrent): an 

eastward-flowing subsurface current that runs the length of 

the equator in the Pacific Ocean; named after its 1952 dis-

coverer, Townsend Cromwell. 
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crossbill: a finch in the genus Loxia, with 6 species. Crossbills 

are conifer cone specialists, with an odd bill shape that ena-

bles them to extract seeds from cones. 

CroV: a giant virus that preys upon the zooplankton Cafeteria 

roenbergensis. 

crow: a clever corvid in the Corvus genus, known for their mis-

chievous ways. 40 species are known. 

crust (geology): the outermost solid slab of a rocky planet. 

crustacean: a large group of arthropods, including barnacles, 

krill, crabs, crayfish, shrimp, and lobster. There are at least 

67,000 species, ranging from 0.1 mm to 3.8 meters in size. 

Most crustaceans are aquatic, but some, such as woodlice, are 

terrestrial. 

cryobiosis: a cryptobiotic response to extreme cold. 

Cryogenian (720–635 MYA): the middle period of 3 in the Neopro-

terozoic era, following the Tonian and preceding the Edia-

caran. A period of global glaciation (Snowball Earth), to 

which the name refers. 

crypsis: the ability of an organism to avoid detection or observa-

tion. Contrast aposematism. 

cryptobiosis: an ametabolic state of life that an organism enters 

in response to adverse environmental conditions. See anhy-

drobiosis, anoxybiosis, chemobiosis, cryobiosis, osmobiosis. 

cryptochrome: a photoreceptive protein sensitive to blue light, 

found in both plants and animals. Cryptochrome is employed 

for circadian rhythms and sensing magnetic fields. 

crystal: a solid characterized by an orderly, repeating 3D pat-

tern. A lattice is a typical crystalline pattern. 

crystal violet: a blue-violet dye used in Gram staining. 

Ctenophora: a phylum of marine animals that use groups of cilia 

for swimming. Ctenophores have soft, gelatinous bodies. 

Compare Cnidaria. See Coelenterata.  

cuckoo: a near passerine with distribution ranging across all 

continents except Antarctica. A large minority of cuckoos 

practice brood parasitism. 

cuckoo bee: a kleptoparasitic egg-laying bee. 

cuckoo-finch (Anomalospiza imberbis): a parasitic weaver or 

cuckoo weaver, native to sub-Saharan Africa. 
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cuckoo wasp: a parasitoid or kleptoparasitic wasp in the Chry-

sididae family, which has over 3,000 species.  

cucumber: a creeping vine in the gourd family that bears cylin-

drical fruit. 

cucumber mosaic virus: a plant-pathogenic virus with world-

wide distribution and very wide host range. 

cucurbitacin: a phytosteroid as defense against herbivores. 

Pumpkins and gourds employ cucurbitacin. Cucurbitacins 

are among the bitterest tastes to humans. 

culture (biology): the transfer of knowledge among conspecifics, 

and from one generation to the next. 

cumulonimbus: a towering cloud that extends to 9 km or more. 

cumulus: a puffy cloud with a flat base and cauliflower top. 

curlew: a wading bird with a long, slender, down-curved bill and 

mottled brown plumage, of 8 species in the genus Numenius. 

Curtuteria australis: a parasitic fluke common in New Zealand 

that is fond of clams. 

cuticle: a multi-layered shell on the outside of many inverte-

brates, employed as an exoskeleton. The main ingredient of 

cuticle is chitin. Cuticle also refers to protective layers of or-

ganisms in other kingdoms, including fungi and plants. 

cuttlefish (aka cuttles): a marine cephalopod. Cuttlefish have a 

unique internal shell: a cuttlebone. Cuttlefish are mollusks, 

not fish. 

cyanide: a compound employing the monovalent group CN (car-

bon–nitrogen), where a carbon atom is triple-bonded to a ni-

trogen atom. Organic cyanides are usually called nitriles. 

Cyanobacteria (aka Cyanophyta): a phylum of photosynthesiz-

ing eubacteria; the only prokaryote that produces oxygen as 

a respiratory waste product; often called blue-green algae, 

though they are not in the same group as algae. 

cyanophage: a virus that infects cyanobacteria. 

cycad: a gymnosperm with a stout, woody trunk and a crown of 

large, stiff evergreen leaves. Cycads vary in size from a few 

centimeters to several meters. Cycads typically grow very 

slowly, with a longevity over 1,000 years. 

cyclic adenosine monophosphate (cAMP): a 2nd messenger 

which is significant in many biological processes. 
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cycloalkane: a hydrocarbon with 1 or more rings of carbon at-

oms. 

cypress: a long-lived conifer in the Cupressaceae family. 

cytokine: a small cell signaling protein. 

cytokinesis: the process by which the cytoplasm of a eukaryotic 

cell divides. 

cytology: the study of living cells. 

cytolysis (osmotic lysis): an osmotic imbalance from excess water 

inside a cell, causing the cell to burst. 

cytomegalovirus: a virus in the herpes family that infects mam-

mals. In humans, cytomegalovirus raises the risk of schizo-

phrenia in offspring that inherit the virus from their 

mothers. 

cytoneme: a long, thin filopodia specialized for intercellular com-

munication. 

cytoplasm: the watery gel that holds a cell’s organelles within a 

cytoplasmic membrane. 

cytoplasmic membrane: the membrane holding a cell's cyto-

plasm and other contents within. 

cytoplasmic streaming: the flow of cytosol through plant cells. 

cytosine (C) (C4H5N3O): a nucleobase of DNA and RNA. Cytosine 

is complementary to guanine. Cytosine is inherently unsta-

ble and can spontaneously change into uracil (spontaneous 

deamination). If not repaired, spontaneous deamination re-

sults in a point mutation. 

cytoskeleton: filaments of protein within a cell, providing cellu-

lar scaffolding. 

cytosol (aka cytoplasmic matrix or intracellular fluid): cytoplas-

mic fluid (the liquid within cells), comprising mostly water, 

along with dissolved ions and various molecules, including 

proteins. 

D 

D'Arnaud's barbet (Trachyphonus darnaudii): an east African 

barbet that grows to 20 cm, eats insects, fruits, and seeds, 

and is equally at home on the ground or in the trees. 
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daisy: a widespread and extensive family of flowering plants; 

also known as the aster, composite, or sunflower family. 

Damara mole rat (aka Damaraland mole rat, Damaraland 

blesmol, Fukomys damarensis): a burrowing rodent native to 

southern Africa. The Damara mole rat and the sand puppy 

are the only known eusocial mammals. 

damselfish: a fish in the Pomacentridae family. Most damselfish 

live in tropical coral reefs. Many are brightly colored. There 

are a relative few freshwater damselfish that live in rivers. 

damselfly: a predatory insect like dragonflies, albeit more grac-

ile. Damselfly nymphs are freshwater aquatic. Emerging 

over 250 million years ago, damselflies now live on every con-

tinent except Antarctica. 

darter: a small, perch-like fish native to North American fresh-

water streams. 

Darwin's bark spider (Caerostris darwini): an orb-weaver spider 

endemic to Madagascar that weaves a large web across water 

bodies to snare flying insects. 

Darwinism (aka natural selection): the disproven hypothesis of 

Charles Darwin that evolution transpires only over millions 

of years by random rearrangements of matter that create 

species which endure or are eliminated via competition with 

other species ("natural selection" via "survival of the fittest"). 

Natural Selection almost inevitably cause much Extinction of 
the less improved forms of life. ~ Charles Darwin 

Dasypeltis: a nonvenomous egg-eating snake native to Africa, 

favoring forests that are also home to many birds. 

daughter cell: a cell formed from a mother cell. 

Dawsonia: the genus of the largest moss, which may reach 65 

cm in length, found in Oceania. 

dayflower (aka widow's tears, Commelina): a flowering, fruit-

bearing herbal plant. 

death adder: a most venomous snake, native to Australia, New 

Guinea, and nearby islands, in the genus Acanthophis. 

deception: the act of presenting a false impression. Contrast 

honesty. 
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deciduous: a tree or shrub that loses its leaves seasonally. The 

term is also used with animals, for parts that are seasonally 

or developmentally lost, such as deer antlers and baby teeth. 

decomposer: see saprovore. 

decorator crab: a generic name given to various crabs which are 

fond of using materials to guise themselves. 

deep-water formation: ocean current sinking because it contains 

cold, dense seawater. 

deer: an even-toed ungulate ruminant in the Cervidae family. 

deictic: indicating identity or location. 

Deinococcus: the most extremophilic bacterium known. Having 

a thick cell wall helps. Whereas other bacteria change their 

structure, such as forming endospores, to avoid damage from 

radiation, Deinococcus tough it out. 

demography: statistical characterization of the size, density, 

and distribution of a population. 

denitrification: the process of nitrogen compound reduction; 

often used to signify releasing waterborne or soil nitrogen 

into the atmosphere. Contrast nitrification. 

dental plaque: a biofilm that inhabits teeth. The bacteria that 

form dental plaque benefit the host by inhibiting occupancy 

of pathogenic cousins (a little-known fact). 

descent (evolutionary biology): evolution from; derivation from 

an ancestor; lineage. 

desert bitterbrush (Purshia glandulosa): a hybrid of the bitter-

brush and the cliff-rose. 

determinism: belief in cause and effect, from which emanates 

the doctrine that all facts and events exemplify natural laws. 

detrivore: see saprovore. 

Devonian (416–359 MYA): the 4th of 6 periods in the Palaeozoic 

era, following the Silurian and preceding the Carboniferous. 

The Devonian experienced the first radiation of terrestrial 

life. The name derives from Devon, England, where rocks of 

the period were first studied. 

dew point: the temperature at which water vapor condenses into 

a liquid (dew). When air cools to its dew point via contact with 

a surface, water condenses on the surface. When the ambient 

temperature is below the freezing point of water, the dew 
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point is a frost point, as frost is formed rather than dew. Dew 

point is related to humidity: a higher dew point indicates 

more moisture in the air. 

dialogue: interactive communication between 2 or more parties. 

Contrast monologue. 

Diana monkey: an arboreal monkey native to the rainforests in 

the southern coastal region of West Africa. 

diapause: an animal physiological state of dormancy or delay in 

development to survive periodic, unfavorable habitat condi-

tions, such as temperature, drought, or diminished food re-

sources. Diapause is common among arthropods, especially 

insects, and in embryonic development of many oviparous 

toothcarp fish. 

diapir: a geologic intrusion in which deformable material is 

forced into overlying brittle rocks. Lava lamps illustrate dia-

pirs. 

diapsid: a reptile with 2 holes on each side of its skull. Diapsids 

evolved 300 MYA. All lizards, crocodiles, snakes, and tuatara 

are diapsids. 

diaspore: a spore or seed with attached tissue that abets disper-

sal. 

diatom: an alga; one of the most common phytoplankton. 

diatomaceous earth: a soft, siliceous sedimentary rock, easily 

crumbled into a fine whitish powder. Diatomaceous earth 

comprises fossilized diatoms. 

dichromacy: having 2 types of color vision receptors. Dichromats 

typically see in the blue-green color spectrum but cannot de-

tect red. Dichromats can distinguish 10,000 distinct colors. 

Most mammals are dichromats. Compare monochromacy, tri-

chromacy, tetrachromacy. 

dicot (dicotyledon): an angiosperm with 2 embryonic leaves (cot-

yledons) in its seed. Compare monocot. 

Dictyostelium discoideum (aka slime mold): a common soil 

amoeba that feeds on bacteria which it cultivates. 

diet: habitual nourishment. 

diffusion (chemistry): the passage of molecules between chemi-

cal species. 
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digitalis (aka floxglove): a flowering plant in the Digitalis genus, 

with ~20 species, native to western Europe, northwestern Af-

rica, western and central Asia, and Australasia. Digitalis ex-

tracts are used medicinally for heart problems. 

dimorphism: the existence of 2 different forms; typically refers 

to a size difference between sexes. 

dinoflagellate: a diverse group of flagellate protists. Most are 

marine plankton. 

dinosaur: a diverse clade of largely extinct reptiles, excepting 

birds, which descended from dinosaurs (yet are excluded 

from the clade). 

dinosaur ant (aka dawn ant, Nothomyrmecia macrops): an 

early-evolved ant, native to Australia. 

dioecious: separate sexes; especially a plant reproductive mor-

phology of separate female and male plants. 

diopter (aka dioptre): a unit of magnifying power measurement. 

diploid: an organism having 2 sets of chromosomes. Most eukar-

yotes are diploid: 2 sets, 1 from each parent, typically twined 

through sexual reproduction. Humans are diploid. Compare 

haploid. 

dipodid: a northern hemisphere rodent in the Dipodidae family, 

with over 50 species in 16 genera. 

dipole (physical chemistry): a polar molecule. 

dirt: see soil. 

dispersal (evolution): speciation when a subpopulation migrates 

outside the range of the main population, adapting to a new 

species over time. Compare vicariance. 

dissolved organic matter (aka marine snow): the slowly sinking 

remains of oceanic life. 

dissonance: divergence between signal and reception. 

diuretic: something that tends to increase the production of 

urine. 

diurnal (biology): active during the day. Contrast nocturnal. See 

crepuscular. 

diurnal temperature variation: the temperature extremes be-

tween night and day. 
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divergence (geometry): the angle of succession in a geometric se-

quence. 

divergent boundary: a boundary where tectonic plates move 

apart. Contrast convergent, transform. 

diversity loss: a measure of the number of species lost during a 

mass extinction event. 

DNA (deoxyribonucleic acid): a long, double-stranded molecular 

chain employed as a physical template for biomolecular pro-

duction. 

Doctrine of Signatures: a nonsensical philosophy of herbalists 

from antiquity (~70 CE) which stated that herbs which re-

semble human body parts are able to treat ailments of that 

part of the body.  

dodder: a parasitic plant in the genus Cuscuta, with 100–170 

species. 

dog: a domesticated subspecies of the gray wolf. 

doldrums: a maritime colloquial expression for the low-pressure 

area around the equator where the prevailing winds are 

calm. 

Dolichoderinae: a subfamily of ants, distinguished by a having 

a single petiole (narrow waist) and a slit-like orifice for chem-

ical release (as contrasted to a round acidopore (formic acid 

outlet)). 

dolphin: a notably intelligent, gregarious marine mammal, 

closely related to porpoises and whales (altogether: Cetacea). 

There are ~40 species of dolphin, varying in size from 1.2 m 

and 40 kg (Maui's dolphin) to 9.5 m and 10 tonnes (orca 

whale). 

domain (biological classification) (aka empire): the 2nd highest 

taxon (below life), with 3 classes: archaea, bacteria, and 

viruses. 

dominant (trait): a genetic trait (allele) that masks a recessive 

trait. 

dopamine (C8H11NO2): a hormone and neurotransmitter with 

various effects in different species. 

Doppler shift: a change in frequency of a wave relative to an ob-

server. 
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Dorcas gazelle (aka Ariel gazelle, Gazella dorcas): a small ga-

zelle adapted to the arid regions of Africa and Arabia. 

dorsal: the back or upper side of an organism. Contrast ventral. 

douc: a monkey of 3 species in the genus Pygathrix, native to 

Southeast Asia, with a striking, high-contrast, appearance. 

Doucs live in small family groups headed by a single adult 

male and several adult females. Unattached late adolescent 

males may form their own group. 

dragonfly: a flying insect predator, with over 5,900 extant spe-

cies. Dragonfly hindwings are broader than their forewings. 

Adult dragonflies differ from otherwise similar damselflies 

by their holding their wings perpendicular to their bodies at 

rest, whereas damselflies tuck their wings in toward their 

bodies. 

drone comb: brood cells for male honeybees. 

drongo: a small insectivorous passerine of 29 species which re-

sides in the Old World tropics, noted for its deceptive mimicry 

to snatch another species' food. Most drongos are black or 

dark grey, sometimes with metallic tints. Drongos have short 

legs and long forked tails. They sit very upright while 

perched. 

duck: an aquatic bird in the Anatidae family.  

dugong (aka sea cow): a large marine mammal in the same order 

(Sirenia) as manatees. 

dung beetle: a group of beetles that feed on feces. Many dung 

beetles – rollers – roll their finds into round balls, which they 

porter to their brooding chambers for extended dining. Oth-

ers, termed tunnelers, bury the good stool where they find it. 

In contrast, dwellers neither roll nor burrow. They simply 

live in manure. 

dunnock (aka hedge sparrow, Prunella modularis): a small pas-

serine found throughout temperate Eurasia. Dunnocks were 

introduced into New Zealand in the 19th century. 

dwarf mongoose (Helogale parvula): a small mongoose endemic 

to grasslands, bush lands, and open forests in Africa. 

dyad: a group of 2; a couple/pair. 

dynein: a motor protein. Dynein transports cellular cargo along 

cytoskeletal microtubules. 
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dysentery: an inflammatory disease of the intestine, especially 

the colon, causing abdominal pain and severe diarrhea. Sev-

eral infectious pathogens, including viruses, bacteria, and 

parasites, can cause dysentery. 

E 

E. (Escherichia) coli: a rod-shaped enterobacteria commonly 

found in the lower intestine of endothermic organisms. E. coli 

normally colonize an infant's gut within 40 hours of birth, 

delivered by food, water, or mere handling.  

eagle: a large, powerful bird of prey in the Accipitridae family. 

Earth: the 3rd planet from the Sun; the densest and 5th largest. 

earwig: an insect with cerci (forceps-like pincers on their abdo-

men) and membranous wings folded under short, rarely-used 

forewings. There are ~2,000 species in 12 families. 

ecdysis: the process of molting an outer layer. Invertebrates in 

the clade Ecdysozoa molt various cuticles. Snakes shed their 

keratin skin. 

Ecdysozoa: the group of animals with exoskeletons or tough 

outer skin, including arthropods and nematodes. 

echinoderm: a phylum of marine invertebrates comprising 7,000 

species, including sea stars, sea urchins, sand dollars, and 

sea cucumbers. Echinoderms live at every ocean depth. 

Echis (aka saw-scaled vipers, carpet vipers): a genus of venom-

ous vipers found in dry biomes from Africa to India and Sri 

Lanka. All 8 species have a distinctive threat display of strid-

ulation. 

echolocation: sensation via echoes of self-emitted ultrasonic 

sounds. 

eclosion: the act of hatching from an egg (by a larva) or emerging 

from a pupal case (by an adult). 

ecology: an interactive interface; patterns of relations among en-

tities; as a subdiscipline of biology, patterns of interrelations 

between life forms (e.g., cells, organisms) and their environ-

ment (including other organisms); more broadly, the rela-

tions between bioelements. 

ecosystem: the community of biota in a biome, and the abiotic 

(non-living) elements within the area. 
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ectomycorrhiza: where a fungus symbiotically enters a plant 

root, but not root cells. Contrast endomycorrhiza. 

ectoparasite: an external parasite. Contrast endoparasite. 

ectotherm: an animal without internal means to maintain ther-

mal homeostasis. Ectotherms practice behaviors to regulate 

body temperature, like lying in the Sun to warm themselves. 

Commonly misnamed cold-blooded, ectotherms' blood is just 

as warm as endotherms. Compare endotherm. 

ED: extra dimensions (or extra-dimensionality); the spatial di-

mensions of existence beyond the 3 that are perceptible and 

measurable. See 4D and HD. 

Ediacaran (635–542 MYA): the 3rd and last period of the Neo-

proterozoic era, preceding the Cambrian period. Named after 

fossils found in the Ediacara Hills in south Australia in 1946. 

eel: an elongated fish in the order Anguilliformes, with 20 fami-

lies, 111 genera, and around 800 species. Most eels are pred-

atory, living in the shallows of the sea, burrowing, or hiding 

among rocks. Most eel species are nocturnal. Only 1 family of 

eels inhabit freshwater (Anguillidae). Even these freshwater 

eels return to the sea to spawn. 

egg: an organic vessel in which an embryo first begins develop-

ment. See sperm. 

egret: a white or buff colored bird, often preferring watery areas, 

practically synonymous with heron. 

Egyptian (civilization) (3150 – 30 BCE): an ancient civilization in 

northeastern Africa, concentrated along the lower Nile River. 

Egyptian cotton leafworm (aka African cotton leafworm, Medi-

terranean brocade, Spodoptera littoralis): a noctuid (owlet) 

moth native to Africa and Mediterranean Europe. 

El Niño: a quasi-periodic climate pattern that forms in the trop-

ical Pacific Ocean, roughly every 5 years. The most notable 

facets are the warm ocean surface current in the tropical 

eastern Pacific Ocean, coupled with high surface air pressure 

in the western Pacific. El Niño is Spanish for "the little boy," 

an oblique reference to Christ as a child, specifically referring 

to the ocean warming in the Pacific near South America, usu-

ally noticed around Christmas. 
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La Niña ("little girl") is the opposite oscillation to El Niño: 

cold water and low air pressure. Contrary to El Niño, La Niña 

lacks religious connotation.  

elaiosome: a fleshy structure attached to some seeds that typi-

cally contains nutritious lipids and proteins, as an induce-

ment for ant seed dispersal. See myrmecochory. 

elater: a hygroscopic cell or cell structure that responsively 

changes shape with humidity variation. 

electric fish: a fish that can generate an electric field (electro-

genic). A fish that can detect electric fields is electroreceptive. 

Most electric fish are also electroreceptive. Electric fish are 

found in the sea, and in freshwater rivers of South America 

and Africa. Sharks, rays, and catfishes are electroreceptive, 

but cannot generate an electric field. 

electron microscope: a high-powered microscope that employs 

accelerated electrons for illumination; capable of 10 million 

times magnification and resolution better than 50 picometers 

(5 x 10–13 m). In contrast, the best light microscopes resolve 

to 200 nm (2 x 10–11), with magnification below 2,000 times. 

Elements of Physiology (1883–1840): a landmark work on human 

and comparative anatomy by Johannes Peter Müller. 

elephant: a large terrestrial mammal native to Africa and India. 

elephant seal: a large oceangoing seal. Elephant seals spend 80% 

of their lives in the ocean. They can hold their breath for 

longer (100 minutes) and dive deeper (1,550 meters) than any 

other noncetacean mammal. 

elephant yam (aka konjac, devil's tongue, voodoo lily, snake 

palm): a plant in the genus Amorphophallus, endemic from 

Indonesia to tropical eastern Asia, including Japan and 

China. Konnyaku (yam cake) is a food made from the root. 

elytron (plural: elytra; aka shard): the hardened forewing of 

beetles and a few true bugs. 

embryo: an early stage of development in multicellular diploid 

eukaryotes (e.g., plants and animals that sexually repro-

duce). 

embryonic diapause (aka delayed implantation): a reproductive 

strategy employed by ~100 different mammals, where 

implantation of an embryo into the uterus is willfully 
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delayed. Rodents, marsupials, mustelids, sea otters, and 

bears practice delayed implantation. 

embryophyte: a land plant, including mosses, liverworts, ferns, 

and other seedless plants (pteridophytes), gymnosperms, and 

angiosperms. 

Emery's Rule: a 1909 observation by Carlo Emery that insect 

social parasites select as victims closely related organisms. 

emochemical: an organic compound active in an organism expe-

riencing an emotion. 

emotion: a feeling evolved by cognition into a sustained mental 

state. 

emotive cognition: appraisal of the ambiance of a situation based 

upon one's empathic temperament and experience. 

empathy: an imaginative projection of another's mental state. 

emperor penguin (Aptenodytes forsteri): the largest and heaviest 

penguin, endemic to Antarctica. 

empiricism (epistemology): the presumption that knowledge de-

rives solely from sensory experience. 

empiricism (philosophy of science): the belief that Nature may 

be entirely explained by physical forces. 

emu (Dromaius novaehollandiae): the largest Australian bird 

and 2nd only to the ostrich. Like ostriches, emu are flightless. 

Emu have incredibly strong legs. 

encyst: to become enclosed in a cyst. 

endemic: restricted to a circumscribed environment or area, 

such as an island. Compare indigenous, native. 

endocrine: a secretion from a gland into the circulatory system. 

Many endocrines are hormones.  

endocrine gland: a ductless animal gland that secretes hor-

mones directly into the bloodstream, thereby regulating a 

body function. Contrast exocrine gland. 

endocrine signaling: intercellular communication over a long 

distance. Compare paracrine signaling, juxtacrine signaling. 

endodermis: the inner tissue layer in some land plants. 

endolithic: living within or deeply penetrating stony surfaces. 

endomycorrhiza: where a fungus symbiotically colonizes a host 

plant's root cells. Contrast ectomycorrhiza. 
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endoparasite: a parasite residing within a host. Contrast ecto-

parasite. 

endophyte: a plant endosymbiont. 

endoplasmic reticulum (ER): an organelle connected to the nu-

clear membrane; a membranous network of sac-like struc-

tures (cisternae) held together by the cytoskeleton. ER has a 

role in various functions, including carbohydrate metabo-

lism, lipid synthesis, glycoprotein production, and cell mem-

brane manufacture. ER also plays a critical role in assisting 

mitochondrial division and replication. 

endoreduplication: replication of a cell's nuclear genome without 

cell division. Endoreduplication is common in plants, 

whereas limited to certain cell types in animals. 

endorheic basin: a closed drainage basin: no outflow to another 

body of water. 

endoskeleton: an internal animal support structure composed of 

mineralized tissue, such as bone. Vertebrates have an endo-

skeleton. Contrast exoskeleton. 

endosperm: the tissue inside an angiosperm seed that provides 

nutrition to a growing embryo until it can establish roots. 

endosymbiont: an organism living within the body or cells of an-

other organism, forming a mutually advantageous arrange-

ment. 

endotherm: an animal with internal means to maintain thermal 

homeostasis. Birds and mammals are endotherms. Endo-

thermy raises an animal's metabolic needs compared to ecto-

thermic animals. Compare ectotherm. 

energy (physics): the idea of an immaterial force acting upon or 

producing matter. Energy is characterized relatively and by 

type (how it affects matter). Energy manifests only through 

its effect on matter. Though the foundational construct of ex-

istence, energy itself does not exist. As matter is made of en-

ergy, this fact tidily proves energyism. 

energyism (aka (philosophical) immaterialism): the monistic 

doctrine that Nature is a figment of the mind. Energyism dif-

ferentiates between actuality and reality. Whereas actuality 

is phenomenal, reality has a noumenal substrate, emergently 

spawning a shared actuality (showtivity) via a unified Ĉon-

sciousness. Contrast matterism. 
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entanglement (physics): distinct phenomena behaving synchro-

nously. Entanglement defies locality. 

enterobacteria: a large family of bacteria that make their living 

inside eukaryotes, either symbiotically or as a pathogen. 

entomology: the study of insects. 

entomopathogen: an insect-killing pathogen. 

entropy (physics, particularly thermodynamics): the tendency of 

energy to dissipate and equilibrate (dissipate to equilibrium); 

the natural physical tendency toward disorder. 

environment: a designated spatial region or conceptual realm. 

enzyme: a protein that facilitates the activities of other proteins 

or substrates. Enzymes typically act as catalysts. 

eocyte (aka Crenarchaeota): the kingdom of Archaea from which 

eukaryotes evolved. 

eon (geology): a duration in the geological time scale, half a bil-

lion years or more; longer than an era. 

Ephedra: an evolutionarily isolated genus of low, straggling, or 

climbing gymnospermous desert shrubs.  

Ephedra sinica: a gymnosperm shrub that is used as a tradi-

tional Chinese medicine for a variety of ailments. Other 

Ephedra species were used medicinally by Native Americans. 

epidermis: the outermost tissue layer of a plant or animal (in 

animals, the skin). 

epigenetic: mechanisms for gene regulation and physical hered-

ity without changing the structure of the gene involved – that 

is, without genetic mutation. 

epigenome: the conceptual sum of instructions in a cell affecting 

access and expression of genes. 

epilithon (bacteria): aquatic transformation. 

epiparasite (aka hyperparasite): a parasite of a parasite. 

epiphyte: a plant that grows harmlessly on another plant, typi-

cally a tree. Epiphytes grow on other plants for physical sup-

port. 

epithelium (plural: epithelia): animal tissue that acts as lining. 

epitoky: the process in marine bristle worms of a sexually imma-

ture worm (an atoke) transforming into sexual maturity (an 

epitoke). 
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epoch (geology): a duration in the geological time scale, tens of 

millions of years; shorter than a period, longer than an age. 

equid: an odd-toed (perissodactyl) ungulate in the Equidae fam-

ily, with horses, asses, and zebras extant. 

era (geology): a duration in the geological time scale, several 

hundred million years; shorter than an eon, longer than a pe-

riod. 

ergot: a fungus of 50 species in the genus Claviceps. 

erythrocyte (aka red blood cell): a vertebrate blood cell that 

transports oxygen. 

esophagus (aka gullet): a vertebrate organ that is a muscular 

tube through which food passes from the pharynx to the es-

sential amino acid: an amino acid necessary for health that 

cannot be synthesized by the human body, and so must be 

obtained via diet. 

Escherichia coli: see E. coli. 

essential amino acid: an amino acid necessary for health that 

cannot be synthesized by the human body, and so must be 

obtained via diet. 

essential oil: a colloquial term for any of various volatile aro-

matic compounds produced by plants. 

ester: a compound produced by a reaction between an acid and 

an alcohol, with the elimination of a molecule of water; an 

organic compound comprising a carbonyl adjacent to an 

ether. 

estrogen: a group of female animal sex hormones. 

estrus (aka in heat): sexual receptivity in a female. 

estuary: a partly enclosed coastal body of water connected to the 

sea which has at least 1 river or stream flowing into it. 

ether: a class of organic compounds characterized by an oxygen 

atom bonded to 2 carbon atoms (C-O-C). 

ethnography: the study of culture. 

ethology: the study of animal behavior, often with an eye toward 

evolutionary implications. 

ethylene (C2H4 or H2C=CH2): a hydrocarbon; the simplest al-

kene. Ethylene hastens fruit ripening and floral senescence. 
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eucalyptol (C10H18O): a colorless liquid terpene, produced by eu-

calyptus trees for pest control. 

eucalyptus: a diverse genus (Eucalyptus) of flowering trees and 

shrubs in the myrtle family comprising over 700 species. Eu-

calyptus dominate the tree flora of Australia. 

eudicot (aka eudicotledon, tricolpate, Eudicotidae): a clade of 

flowering plants with pollen grains having 3 colpi (grooves) 

paralleling the polar axis. Eudicots and monocots are the 2 

largest clades of angiosperms, constituting over 70% of flow-

ering plants. 

Eugenia: a genus of angiosperms in the myrtle family. The fruit 

of E. nesiotica has anti-parasite properties. 

Euglena: a genus of unicellular flagellate protists. 

eukaryote: an organism with internal cell structures (orga-

nelles). All multicellular life is eukaryotic. Compare prokar-

yote. 

euphotic zone: the layer of water with sufficient sunlight for pho-

tosynthesis. 

Euplotes: a genus of single-celled, transparent, ciliate, freshwa-

ter and marine protozoan. 

Eurasia: the continental landmass of Europe and Asia, includ-

ing Borneo and other nearby islands. Compare Australasia. 

European earwig (aka common earwig, Forficula auricularia): a 

flattish, brown, nocturnal earwig that grows to 12–15 mm 

long, native to the temperate regions of Europe, western 

Asia, and North Africa, and in North America, where it was 

introduced by humans in 1907. An omnivore, the common 

earwig is considered a pest, owing to the damage it may do to 

crops, its frightening appearance, foul odor, and its too-fre-

quent household appearances, where an earwig may find 

comfortable crevices and tasty foodstuffs. See earwig. 

European robin (aka robin, robin redbreast, Erithacus rubec-

ula): an insectivorous Old World flycatcher native to Europe, 

northwestern Asia, and North Africa. See robin. 

European toad (aka common toad, Bufo bufo): a common toad 

found throughout most of Europe, excepting islands, in part 

of northwest Asia, and a small region of northwest Africa. 

European turtle beetle (Amphotis marginata): a highwayman of 

the shining black ant. 
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eusocial: an animal that has: 1) overlapping generations, 2) co-

operative care of the young, and 3) reproductive division of 

labor. Contrast presocial. 

eutely: an organism with a fixed number of somatic cells upon 

reaching maturity, with the exact number a constant for any 

eutelic species. Development proceeds via cell division until 

maturity, whereupon growth transpires only by cell 

enlargement (hypertrophy). Nematodes are eutelic. 

evaporation: conversion of water into vapor. 

evening primrose (aka suncups, sundrops): an herbaceous angi-

osperm native to the Americas, in the Oenothera genus, with 

145 species. 

Everglades: the tropical wetlands in southern Florida. 

evergreen: a plant with green leaves year-round. 

evolution (evolutionary biology): the process of adaptation, most 

apparently seen as a distinctive change across successive 

generations of a population. 

existence: corporeality, including both matter and energy. See 

Nature. 

exocrine gland: a gland that secretes its product into ducts that 

lead directly to an external environment. Contrast endocrine 

gland. 

exocytosis: the cellular process of secreting proteins outside the 

cell. 

exon: a polynucleotide sequence in a nucleic acid that codes for 

protein synthesis. An exon is copied and spliced together with 

other such sequences to form messenger RNA. Compare in-

tron. 

exoskeleton: an external skeleton. Arthropods have exoskele-

tons. Contrast endoskeleton. 

exosome: a saucer-shaped vesicle, produced by most eukaryotic 

cells for intercellular communication. 

exosphere: the outermost layer of the atmosphere, reaching half-

way to the Moon (190,000 km). 

expect: to think that a certain event will occur. See anticipate. 

extinction: the demise of a species. See background extinction, 

mass extinction. 

extinction event: an episode of mass extinction. 
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external fertilization: a form of fertilization by which a sperm 

unites with an egg cell external to the bodies of the reproduc-

ing individuals. Contrast internal fertilization, where a fe-

male is inseminated via copulation. 

extra dimensions: see ED. 

extremophile: an organism that thrives in an environment ad-

verse to most life. See acidophile, alkaliphile, anaerobe, bar-

ophile, halophile, hyperthermophile, osmophile, piezophile, 

psychrophile, thermoacidophile, thermophile, xerophile. The 

preceding is an exemplary, but incomplete listing of extremo-

phile types. 

external fertilization: a form of fertilization by which a sperm 

unites with an egg cell external to the bodies of the reproduc-

ing individuals. Contrast internal fertilization, where a fe-

male is inseminated via copulation. 

exudate: exuded matter. Tree gum or sap is an exemplary exu-

date. 

exudativore: an organism that eats exudate. 

F 

fact: recall of an experienced event.  

facultative parasitism: an organism that may resort to parasit-

ism but does not rely upon its host for completion of its life 

cycle. Contrast obligate parasitism. Compare hemiparasit-

ism. 

fairy cichlid (Neolamprologus brichardi): a cichlid endemic to 

the alkaline waters of Lake Tanganyika in East Africa. 

fairy wasp (aka fairyfly): a parasitoid chalcid wasp in the family 

Mymaridae, found in tropical and temperate regions 

throughout the world; the smallest insect in the world. 

fairywren: a family (Maluridae) of small, insectivorous passer-

ines, with 15 species, endemic to Australia. 

family (biological classification): a major biological group of 

shared morphological similarities. In the generally accepted 

taxonomy system, family is above genus and below order. For 

example, maple trees (family) are hardwoods (order), angio-

sperms (class), vascular plants (phylum), plants (kingdom). 

Pierre Magnol introduced family for plant groups in 1689, 
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identifying 76 families. Carl Linnaeus incorporated family 

into his classification schema in 1751. 

fascicle: a small muscle bundle. 

fat (chemistry): a broad group of compounds comprising carbon, 

hydrogen, and oxygen; a subgroup of lipids. See saturated fat, 

unsaturated fat. 

fatty acid: a carboxylic acid with a long aliphatic tail (chain). 

fauna (plural: faunas or faunae): animals (metazoa). Compare 

flora. 

feeling: a perceptual reaction that may develop into an emotion 

via emotive cognition. Compare emotion. 

feldspar: a silicate-based mineral that makes up as much as 60% 

of the Earth's crust. 

felid (aka feline): an animal in the cat family (Felidae). Cats 

emerged ~25 MYA. 

felsic: rocks, magma, and silicate materials enriched with alu-

minium, potassium, and/or sodium. Granite is the most com-

mon felsic mineral. Felsic is a portmanteau of "feldspar" and 

"silica." Felsic rocks over 65% silica. Contrast mafic. 

fennel (Foeniculum vulgare): a hardy, perennial herb with a 

bulbous base, yellow flowers, and feathery leaves. 

Fermat's principle (aka principle of least time): a 1658 optics 

principle by Pierre de Fermat that light always travels most 

efficiently: from one point to another in the least time. 

fermentation (biochemistry): a metabolic process by microbes 

and oxygen-starved muscle cells of converting sugar to alco-

hol, acids, and/or gases. 

fern (aka Pteridophyta): the first pteridophyte, emerging 360 

MYA. 

Fernandina Island: the youngest and 3rd-largest Galápagos Is-

land; named after King Ferdinand of Spain, who sponsored 

the voyages of Christopher Columbus. 

Ferrel cell: an atmospheric circulation belt between 30° and 60° 

latitude. See Hadley cell and Polar cell. The Ferrel cell is 

named after William Ferrel, who explained in 1856 mid-lati-

tude atmospheric circulation. 

ferret: a mustelid. 
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fetus: an unborn nascent vertebrate after passing through the 

earliest developmental stages, having attained its basic body 

structural plan. See embryo. 

fibroin: an insoluble protein comprising specifically layered 

amino acid sheets. 

fiddler crab: a small semi-terrestrial crab of ~100 species with 

asymmetric claws. Fiddler crabs communicate via gestures. 

field: an energy associated with a spacetime point or region. 

fight-or-flight response: reflexive reaction to a perceived threat. 

filament (botany): the stalk with the anther at one end that com-

prises the stamen. 

filefish (aka foolfish): a diverse family of subtropical fish that 

live in the Atlantic, Indian and Pacific Oceans. There are 27 

genera, and 102 species of filefish. Like their close relatives, 

triggerfish, filefish are rhomboid-shaped and display beauti-

fully elaborate cryptic patterns. 

filopodia: a slender cytoplasmic projection, employed for sens-

ing, cell-to-cell interactions, and migration. 

finch: a small to medium-sized songbird in the Fringillidae fam-

ily that primarily eats seeds. Many birds in other families are 

commonly called finches. 

fingerling: a small fish, typically used to characterize a develop-

mental stage to becoming a larger fish. 

fire ant (aka red ant, ginger ant): a stinging ant in one of several 

species in the genus Solenopsis. 

fire coral: a colonial marine organism that looks like coral but is 

more closely related to jellyfish and other stinging anemones. 

firefly: a winged beetle notable for its production of biolumines-

cence, commonly in the tail. 2,000 species are known, found 

in tropical and temperate zones, particularly marshlands 

and wet woods. A larva is a glowworm. 

fish: a gill-bearing, aquatic animal lacking limbs with digits. 

32,000 species are known. Most fish are endothermic. 

fission-fusion sociality: a dynamic social group comprising a 

larger community with sub-groups, including families and 

close friendships. This awkward term refers to the dynamics 

of group fusion (merging), such as for sleeping together for 

safety, and fission (splitting up), such as foraging in small 
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groups during the day. Various social animals have fission-

fusion sociality, including fish (guppies), cetaceans (dol-

phins), ungulates (deer), elephants, most mammalian carni-

vores (lions, hyenas), and primates. 

flagellate: an organism or gamete with a whip-like organelle for 

propulsion. 

flagellum (plural: flagella): a whip-like appendage protruding 

from a cell, employed for sensation and locomotion. Compare 

cilium. 

flamingo: a wading bird in the Phoenicopteridae family, with 6 

species. 

flatworm (aka platyhelminth): a relatively simple unsegmented, 

bilateral (head and tail), soft-bodied worm. Flatworms have 

no specialized respiratory or circulatory organs. Their flat-

ness lets oxygen and nutrients diffuse through them. Over 

half of the 15,000+ known flatworm species are parasitic. 

flavonal: a flavonoid with a 3-hydroxyflavone backbone (signi-

fied by specific arrangement of oxygen and hydrogen). 

flavonoid (aka bioflavonoid): a plant secondary metabolite used 

to color flowers, filter UV, and symbiotically fix nitrogen. 

flora (plural: florae or floras): plants. Compare fauna. 

floret: one of the small buds clustered together in a flower. 

florigen: a plant signaling molecule that initiates flowering; also 

known as the protein FLOWERING LOCUS T (FT). 

flower (aka bloom, blossom): the reproductive structure of an an-

giosperm. 

flower constancy: the practice of a foraging bee to specialize in 

harvesting from a certain flower species through a single trip 

or for days at a time. 

fluid: a substance that deforms (flows) under an applied shear 

stress. Gases, plasmas, and liquids are fluids. Contrast rheid, 

solid. 

fluke (aka trematode): a parasitic flatworm. 

fly: a small flying insect with a single pair of wings. 

flycatcher: a perching bird (passerine) that darts out to capture 

insects on the wing. 

fog: a low-lying cloud. 
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foliage: a mass of leaves as a plant feature. 

folic acid (C19H19N7O6, aka vitamin M, vitamin B9): a water-sol-

uble B vitamin essential in plants and animals for the syn-

thesis of nucleic acids. 

folkway: a traditional behavior that is a norm. Compare more. 

food chain: a hierarchy of organism consumption, from auto-

troph through herbivore(s) to predator(s). 

food web: the energy production and consumption interrelations 

between biota in an ecosystem. 

forage: search for food. 

foraminifera: a large phylum of amoeboid protists; among the 

most common marine plankton species. 

Forelius pruinosus: a small ant fond of sweets and warm 

weather, endemic to the United States and Mexico. The ca-

talpa tree hires F. pruinosus as bodyguards: oozing nectar on 

their branches when caterpillars come to gobble their leaves. 

The ants dispatch what they perceive as a potential rival to 

their food supply. 

formic acid (CH2O2) (aka methanoic acid): a simple carboxylic 

acid, produced by ants and meliponines for defense. Formica 

is the Latin word for ant. 

Formica polyctena: a eusocial northern European red wood ant 

with a distinctive caste system. 

fossil fuel: a fuel formed from dead organisms. Coal, natural gas, 

and petroleum are fossil fuels. 

fovea: the portion of the eye with sharpest vision, as it has the 

highest concentration of photoreceptors. 

fractal: a scale-invariant self-similar set of patterns. 

fragmentation (biology): a form of asexual reproduction, where 

a new organism grows from a fragment of the parent. Some 

plants are capable of fragmentation. 

frankfish: (aka aba, African nightfish, Gymnarchus niloticus): a 

freshwater electric fish, endemic to African swamps and the 

edges of waterways with vegetation. Frankfish grow to 1.6 m 

and 19 kg. 

Franklin's gull (aka prairie rose gull, Leucophaeus pipixcan): a 

small migratory gull native to the western hemisphere. 
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freeloader fly (aka jackal fly): a small, dark fly in the Milichiidae 

family that is a kleptoparasite of predatory invertebrates. 

freshet: a stream of freshwater flowing to the sea. 

frigatebird (aka pirate bird): a pelagic piscivore, with food most 

often obtained on the wing. Frigatebirds occasionally rob 

other seabirds and snatch seabird chicks; behaviors which 

bestowed the family name. 

frog: a largely carnivorous group of tailless amphibians with 

short, stout bodies. With ~5,000 species, frogs are one of the 

most diverse vertebrate orders. Most frogs live in tropical 

rainforests. Warty frogs tend to be termed toads. This is an 

informal convention, not based on evolutionary descent or 

taxonomy. 

frog lung fluke (aka Haematoloechus medioplexus): a parasitic 

flatworm (trematode) that lives its adult life stage in the 

lungs of frogs. 

frugivore: an animal that prefers a fruit-based diet. 

fruit (botany): a plant ovary containing seeds that is a sweet-

tasting gift to animals by a flowering plant in a gambit to 

disseminate its progeny. 

fruit fly: a fly in the Tephritidae family that primarily feeds on 

unripe or ripe fruit. Sometimes called a "true" fruit fly, as 

contrasted to vinegar flies that are also called "fruit flies." 

Compare vinegar fly. 

fry: a recently hatched fish. 

fumarolic (vent): a hole in a volcanic region from which hot gases 

and vapors issue. 

fungiculture: culturing fungi for food. 

fungivore: a fungus eater. 

fungus (plural: fungi): a group of eukaryotes that includes mi-

croorganisms such as yeast and molds, as well as macro-

scopic mushrooms. 

funnel ant: a non-aggressive ant in the Aphaenogaster genus, 

with over 200 species found throughout much of the world, 

southern Africa and South America excepted. Much of funnel 

ants' food comes from tended aphids that live on plant roots. 

Hence, they are rarely seen on the surface. The funnel-
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shaped openings they construct are traps for the arthropods 

upon which they feed.  

fur: the hair of animals, especially mammals. 

G 

GABA (gamma-Aminobutyric acid): a neurotransmitter which 

is inhibitory in humans. 

Gaia: a theory by English environmentalist James Lovelock 

that Earth acts as "a single physiological system." 

Evolution is a tightly coupled dance, with life and the material 
environment as partners. From the dance emerges the entity 
Gaia. ~ James Lovelock 

Galápagos Islands: an archipelago of 18 large and 3 small vol-

canic islands in the Pacific Ocean near the equator, 972 km 

west of Ecuador. 

Galápagos marine iguana: a marine iguana found only on the 

Galápagos Islands, capable of diving 9 meters to graze on al-

gae and seaweed. 

gall aphid: an aphid which causes galls on poplars and other 

trees. 

gallery forest: a forest forming a corridor along rivers or wet-

lands, bordered by a biome sparsely treed. 

gallfly (aka gall wasp): a small wasp of ~1,300 species of wasps, 

named after the galls they induce on plants for larval devel-

opment. The larvae of most gall wasps develop in plant galls 

which they induce. Oak is the wood of choice for many gall 

wasps. 

Gallionella: an aquatic iron-oxidizing bacterium. 

game bird: a bird often eaten by humans. 

gamete: a cell or cell nucleus that undergoes sexual fusion to 

form a zygote. In animals, gametes are eggs and sperm cells. 

Plant germ cells produce ovules and pollen. 

gametangia: an organ or cell in which gametes are produced. 

gametophyte: the haploid, gamete-producing phase of plants and 

algae that undergo alternation of generations; the prothallus 

in ferns, and the embryo sac in angiosperms. Compare sporo-

phyte. 
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gamma ray: electromagnetic radiation above 10 exahertz (>1019 

Hz); very high energy/frequency radiation. 

ganglion (plural: ganglia): a mass of neuronal tissue. 

gannet (Morus genus): a large seabird in that hunts by diving 

into the sea from height. Gannets can dive from 30 meters 

up, achieving speeds of 100 km/h as they strike the water. 

This lets them catch fish much deeper than other diving 

birds. 

garlic (Allium sativum): the bulb of a plant in the onion genus. 

gas: a fluid that may be airborne. 

gaster: the abdomen of a hymenopterous insect, such as an ant, 

bee, or wasp. 

gazelle: an antelope of 13 species in the genus Gazella. 

gecko: a lizard in the Gekkota group, fond of warm climate. 

Geckos are unique among lizards for their gregarious vocali-

zations. There are 1,500 gecko species; the most speciose 

group of lizards. 

gelada baboon (aka bleeding-heart monkey, as the top of their 

chest is a bright red patch of skin): a monkey in the genus 

Theropithecus, endemic to the high-elevation grasslands on 

the central Ethiopian plateau. Geladas are closely related to 

baboons. 

gender: designation of female or male of a species. See sex. 

gene: the idea that nucleic acids provide instructions for produc-

ing an organic molecule, typically a protein. Genes do not ex-

ist; they are merely a construal. The actuality of genetics is 

more intricate than supposed by matterist geneticists, as 

heritable bioproduct information is stored energetically, with 

organic molecules as illusory material substrates. 

gene expression: employment of a gene; the conceptual process 

by which genetic information is used to synthesize a bioprod-

uct. 

gene regulation: control of gene expression, including stifling 

gene expression. 

generalist (ecology): a species with considerable tolerances to en-

vironmental changes. Contrast specialist. 

genetic code: the conceptual rulebook by which information is 

encoded in genetic material (DNA or RNA sequences). 
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genetic drift: a difference in genome between species in a hered-

itary lineage. 

genetics: the study of heredity and variation in life forms at the 

molecular level. The 4 major subdisciplines of genetics are 

transmission genetics (heredity), molecular genetics (chem-

istry), population genetics (traits in populations), and epige-

netics (influences of living on inheritance). 

genome: the (idea of the) entire set of genes within an organism. 

Like genes, a genome is merely a concept, not phenomenal. 

genophore: a package of DNA in a prokaryote's nucleoid. Com-

pare chromosome. 

genotype: the energetic constitution of an organism, as artifac-

tually represented by its genome. The gen in genotype refers 

to genesis (not genetics). 

genus (plural: genera): a category of organisms, more generic 

than species. 

geographic harmonic (aka geoharmonic): the energetic reso-

nance of a biome (affecting biota). 

geoid: the geometric figure formed by an imaginary surface that 

coincides with mean sea level and its extension through con-

tinents. 

geology: the science of the solid matter that comprises Earth, 

especially in the crust. 

geophagy: eating soil or rock. 

geosphere: within Earth, including the crust and mantle. Com-

pare pedosphere. 

geosmin (C12H22O): an organic compound with the scent of rich 

earth, produced by Streptomyces soil bacteria. Geosmin gives 

beets their earthy taste. Geosmin contributes to the scent in 

the air when rain falls after a dry spell, or when soil is dis-

turbed. 

Geranium (aka cranesbills): a genus of 422 species of flowering 

plants. 

germ: see pathogen. 

germinate: to begin growth or development. 

germline: the line (sequence) of gene cells within the gene set 

that may be passed to offspring. 
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giant otter (aka giant river otter, Pteronura brasiliensis): a car-

nivorous, aquatic South American otter. Adults are 1–1.7 me-

ters long, 22–32 kg. Males are ~17% larger than females. 

giant water bug: a large insect fond of water, in the family Begi-

ant siphonophore (Praya dubia): a deep-sea siphonophore, 

with a body length of 40–50 meters; native to the Atlantic 

Ocean, between the Gulf of Mexico and Europe. 

gibberellin: a plant hormone that regulates growth. 

ginkgo: a long-lived large tree, sometimes reaching 50 meters. 

Ginkgo have unique fan-shaped leaves. 

giraffe: an African even-toed ungulate ruminant with an exceed-

ingly long neck, making it the tallest living terrestrial ani-

mal. 

glacial period (aka glaciation): a period of glaciers, typically 

thousands of years, within an ice age, marked by colder tem-

peratures and glacial advances. By contrast, interglacials are 

periods of warmer climate within an ice age. The last glacial 

period ended 15,000 years ago. The present epoch, the Holo-

cene, is the current interglacial. 

gland: a group of cells in an animal that synthesizes substances 

for release inside or on the body. 

glia: the predominant cell type in animal brains. Neurons (nerve 

cells) support glial cells via their interfaces outside the brain.  

globe skimmer dragonfly (aka wandering glider, Pantala fla-

vescens): one of the most widespread dragonflies throughout 

the tropical and temperate biomes of world, noted for their 

extensive migratory tendencies. 

globin: a family of heme-containing globular proteins involved 

in binding and/or transporting oxygen. 

glowworm: a larva of a firefly. 

glucose (C6H12O6): a simple sugar used in glycolysis to form ATP. 

glucosinolate: an organic compound containing sulfur and nitro-

gen, derived from glucose and an amino acid. Glucosinolate 

is toxic to animals at high doses. Some insects, including spe-

cialized sawflies and aphids, sequester glucosinolates to ren-

der themselves inedible. 

glutamate: an amino acid that acts as a neurotransmitter. 
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glycan: ostensibly a synonym for polysaccharide, but commonly 

used to refer to the carbohydrate bonded to a protein or other 

glycoconjugate. 

glycerol: a simple alcohol compound comprising 3 hydroxyl 

groups (3 molecules of hydrogen and oxygen). 

glycocalyx: an extracellular glycoprotein produced by some bac-

teria, epithelia, and other cells. 

glycolysis: a metabolic pathway of 10 reactions that results in 

free energy; often used to form ATP. 

glycoprotein: a protein containing a carbohydrate (oligosaccha-

ride chain (glycan)) attached to a polypeptide side chain. 

glycosidase (aka glycoside hydrolase): an enzyme that hydro-

lyzes a glycoside. 

glycoside: a sugar bound to another functional group (moiety) 

via covalent bond. 

glycosidic bond: a covalent bond that joins a sugar to another 

group (carbohydrate or not). 

glycosylation: the process of adding a carbohydrate (glycosyl 

group) to another functional group (a glycosyl acceptor). Gly-

cosylation typically refers to adding a glycosyl group (glycan) 

to a protein to form a glycoprotein. 

gnetophyte: a group of gymnosperms which differs from others 

by having the water-transport vessel elements found in flow-

ering plants. 

Gnetum: a genus of gymnospermous tropical trees, shrubs, and 

lianas which may have been the first plants to be insect pol-

linated. 

goat: an even-toed bovid, closely related to sheep. 

goby: a fish in one of the most specious families of fish (Gobi-

idae), with more than 2,000 species in over 200 genera. 

golden algae (aka chrysophytes): a group of algae found mostly 

in fresh water. Though a green algae, the name derives from 

the golden sheen given by accessory pigments. The designa-

tion is sometimes applied to the species Prymnesium par-

vum. 

goldenrod: an angiosperm in the Solidago genus, with 100–200 

species; most are herbaceous and found in North America. 
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gomphothere: a family of elephant-like animals that lived 12–

0.7 MYA, before being hunted to extinction by humans. 

Gondwana (510–200 MYA): a supercontinent prior to Pangea (300 

MYA); later becoming the southernmost of 2 supercontinents 

(Laurasia to the north) 200 MYA. Gondwana was the progen-

itor of the landmasses in today's southern hemisphere: Ant-

arctica; Australia; the Arabian Peninsula and Indian 

subcontinent, both now part of the northern hemisphere; 

Madagascar, Africa; and South America. 

goose (plural: geese): a large waterfowl. Some other birds have 

"goose" as part of their names. Distantly related birds include 

the generally larger swans and smaller ducks. 

gorilla: a large, ground-dwelling ape that lives in the African 

forest, in the genus Gorilla, with 2 species: one in the moun-

tains, the other in lowlands. 

gourd (aka cucurbit): a flowering vine in the Cucurbitaceae fam-

ily, with ~965 species in ~95 genera. Squash, pumpkin, cu-

cumber, and watermelon are exemplary gourds. 

gossamer: a lightweight film. 

grade (biological classification): a taxon designating a level of 

morphological or physiological complexity. Compare clade. 

Gram staining: a technique using dyes to classify bacteria. 

Hans Christian Gram and Carl Friedländer worked to-

gether in Berlin's city morgue. In 1882, they devised a tech-

nique of staining lung tissue to look for bacteria. Gram's 1884 

published report noted that the typhus bacillus did not retain 

the stain, rendering it Gram-negative. 

Whether a bacterium holds a purple dye determines 

whether it is Gram-positive or Gram-negative. Stain reten-

tion is based upon a bacterium's cell wall. 

Murein (aka peptidoglycan) is a polymer of amino acids 

and sugars, in a mesh as part a bacterium's cell wall, giving 

the wall rigidity and structural strength. 

Gram-positive bacteria have a thick (20–80 nm) cell wall, 

mostly made of murein (50–90%). Gram-negative bacteria 

have a much thinner (7–8 nm) cell wall; only 10% peptidogly-

can. 

Instead of much murein, Gram-negative bacteria have an 

extra layer of lipopolysaccharide. This lipid layer does not 

contribute strength but does act as a selective barrier that 
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keeps unwanted large molecules away from the plasma mem-

brane. Both wall types have their advantages. 

In contrast to bacterial cell wall constructions, archaeal 

cell walls lack a peptidoglycan component. Thus, they are im-

mune to antibiotics that interfere with bacterial cell wall syn-

thesis. Drugs that inhibit ribosomes and protein synthesis in 

bacteria have no effect on archaeans. 

Crystal violet is the blue-violet triarylmethane 

((C6H5)3CH) dye used in the 1st step of Gram staining, which 

is a 4-step process. The dye is a topical antiseptic, with anti-

bacterial, antifungal, and anthelmintic (anti-parasitic) prop-

erties. 

   

The Gram staining process:  

1) Apply crystal violet (the primary stain) to a heat-fixed 

smear of bacteria on a slide. Heat-fixing affixes the bacteria 

to the slide, at the cost of killing some. 

2) Add a mordant (Gram's iodine) that binds to the stain 

and traps it within bacterial cells. 

3) Decolorize with a quick rinse in alcohol (CH3CH2OH) or 

acetone (((CH3)2CO). 

4) Counterstain with safranin (C20H19ClN4), a red dye. 

After decolorization, a Gram-positive bacterium holds its 

purple, while a Gram-negative does not. Applying safranin 

gives Gram-negative bacteria a pink or reddish hue. 

   

Gram staining does not always work. Some bacteria yield 

a Gram-variable pattern after Gram staining: a mix of pink 

and purple cells. This may reflect cell division in some of the 

Gram-positive bacteria, at a time when cell walls are sensi-

tive to breakage.  

Some bacteria are Gram-indeterminate, as they don't re-

spond to Gram staining. This includes various Gram-varia-

ble bacteria, as well as acid-fast bacteria, which resist the 

decolorization step. Mycobacterium, the genus which include 

tuberculosis, are acid-fast. 

Further, the age of the culture may influence the results 

of a Gram stain.  
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grandmother hypothesis: the 1957 surmise by George Williams 

that menopause evolved so that grandmothers could help 

rear offspring of a succeeding generation. 

granellare: a base from which a xenophyophore builds a shell-

like stercomare. 

granite: a course-grained igneous rock, at least 20% quartz by 

volume. 

granivore: a specialized seed eater. 

grass: a large, versatile, ubiquitous monocot that grows on all 

continents, in the family Poaceae. Grasses have small flowers 

and sheathing leaves covering hollow stems. They include ce-

reals and bamboo, but not other plants commonly called 

grasses, such as seagrasses, rushes, and sedges (though 

rushes and sedges are related to grass). 

grass snake (aka ringed snake, water snake, Natrix natrix): a 

Eurasian nonvenomous snake that lives near water, feeding 

almost exclusively on amphibians. 

grasshopper: a predominantly tropical, ground-dwelling insect 

with powerful hind legs for leaping; extant for 250 MYA, now 

with 11,000 known species. Grasshoppers are herbivorous. 

Only 1 is monophagous. The others have various dietary pref-

erences (polyphagous). Many grasshoppers maintain a 

rounded diet: eating from different plant species every day. 

To distinguish from crickets and katydids, grasshoppers are 

sometimes called short-horned. Species that change color and 

aggregate in huge populations are called locusts. 

gravitropism: plant movement in response to gravity. 

gravity: a spacetime distortion caused by mass. 

Great American Interchange: the period of intercontinental spe-

cies migration between North and South America 3 MYA. See 

Nearctic and Neotropic. 

great desert skink (aka Kintore's egernia, Liopholis kintorei): a 

medium-sized skink native to western Australia. Adults may 

grow to ~19 cm. The great desert skink is unusual in building 

elaborate underground mansions for its family, and that 

males are mostly monogamous. 

great reed warbler (Acrocephalus arundinaceus): a Eurasian 

passerine that is the largest of the European warblers. 
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Great Rift Valley: a geographic trench in East Africa, best 

known for fossils found of early hominids. The Great Rift Val-

ley runs from Afar Triple Junction: 3 plates – the Nubian, 

Somalian, and Arabian – that intersect where the Gulf of 

Aden and the Red Sea meet, to central Mozambique. 

great tit (Parus major): a small, common passerine resident in 

woodlands throughout North Africa, the Middle East, Eu-

rope, and central and northern Asia. 

grebe: a freshwater diving bird of 6 genera and 22 species in the 

Podicipediformes order. Grebes live in temperate biomes 

around the world. 

green darner (aka common green darner, Anax junius): a large, 

abundant migrating dragonfly, named for its resemblance to 

a darning needle. The green darner is native to North Amer-

ica, the Caribbean, Tahiti, and East Asia. 

green scale (aka coffee scale, Coccus viridis): a soft scale insect 

endemic to Brazil, but now found worldwide. The green scale 

is considered a major pest by coffee growers. 

green tree frog: a common name for several distinct green tree 

frogs. 

greenhouse (climate): see hothouse. 

greenhouse effect: the process by which radiation from the at-

mosphere warms a planet's surface. 

greenhouse gas: a gas in the atmosphere that absorbs and emits 

radiation within the infrared range. The primary greenhouse 

gases in Earth's atmosphere are carbon dioxide, methane, ni-

trous oxide, and ozone. Water vapor acts as a greenhouse gas. 

gregarious: highly social. 

grooming: the practice of keeping the body clean by removing 

foreign objects from the fur. Grooming plays a major role in 

primate social relations. 

grosbeak: a seed-eating passerine with a pronounced beak. 

ground meristem: the primary meristem that produces various 

ground tissues, used for structural support, leaf energy pro-

duction, and would repair. 

ground tissue: plant tissue that manufactures and stores nutri-

ents. 
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groundwater: water within the crust, the upper surface of which 

forms the water table. 

grouse: a heavily-built herbivorous bird that inhabits temperate 

and subarctic biomes in the northern hemisphere. 

guanine (G) (C5H5N5O): a nucleobase of DNA and RNA. Guanine 

is complementary to cytosine. 

guenon: an arboreal forest-dwelling monkey in the Cerco-

pithecus genus, endemic to sub-Saharan Africa; character-

ized by bold markings of white and/or bright color. Guenons 

live in nuclear families of 1 adult male and 2 or 3 adult fe-

males, along with youngsters. 

guild (botany): a group of plants interlinked through a common 

mycorrhizal network. 

Guinea baboon (aka western baboon, red baboon, Papio papio): 

the smallest species of baboon, endemic to a small range in 

westernmost Africa, inhabiting dry forests, gallery forests, 

steppes, and savannas. The Guinea baboon is diurnal and 

terrestrial, though it sleeps in trees at night for safety. The 

number of suitable trees for sleeping limits its group size and 

range. Troops are up to 200 members. Guinea baboons are 

highly communicative. Socially a troop comprises a complex 

multilevel society. Unlike other baboons, adult male Guineas 

are tolerant and cooperative, forming social bonds with other 

males regardless of kin relation. 

 (The) Guinness Book of World Records: a reference book of 

world records; both human achievements and extremes in 

the natural world. The book itself holds its own world record 

as the best-selling copyrighted book series of all time. The 

book is one of those most frequently stolen books from Amer-

ican public libraries. 

Gulf Stream: a swift, powerful, and warm Atlantic Ocean cur-

rent that runs from the Gulf of Mexico up the Atlantic sea-

board to Newfoundland before crossing to the west coast of 

Europe; named by Benjamin Franklin. 

gull (aka seagull): a medium-to-large assertive seabird that is 

an opportunistic eater. 

guppy (aka million fish, rainbow fish, Poecilia reticulata): a 

freshwater tropical fish native to northeast South America. 
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gymnosperm: a group of seed-producing plants, including coni-

fers (e.g., pine, fir), cycads, ginkgo, and gnetophytes. 

gyne: the primary reproductive caste in social insects (ants, 

bees, wasps, termites). Whereas the typical female worker is 

sterile, gynes are destined to become queens. A colony with a 

single queen is monogyne (e.g., honeybees), whereas a colony 

with multiple queens (e.g., ants) is polygyne. 

gynoecium: the female part of a flower that produces ovules 

which develop into fruit and seeds. 

gypsy moth: a moth found in Europe, Africa and North America. 

Gypsy moth larvae eat the leaves of over 300 different trees. 

gyre: a conceptual framework treating a physical system as a 

dynamic vortex. A gyre is characterized by its structure, 

qualities, thermodynamics, and interactions. 

H 

habitat: the relevant aspects of an environment in which a spe-

cies population lives. 

Hadean (4.55–3.9 BYA): the 1st geologic eon, originally thought 

to be before life originated on Earth (but life started 4.1 BYA). 

Hadley cell: an atmospheric circulation belt between the equator 

and latitude 30° (the Horse Latitudes). The Hadley cell is 

named after George Hadley, who was intrigued by the trade 

winds having a pronounced westerly flow, rather than blow-

ing straight north. In generally explaining the gyre of the 

trade winds in 1735, Hadley's explanation accounted for the 

Coriolis effect. See Ferrel cell and Polar cell.  

hairworm (aka nematomorpha, horsehair worm, Gordian 

worm): a phylum of water-loving parasitoid worms, superfi-

cially similar to nematodes.  

halfbeak (aka Buffon's river garfish, Zenarchopterus buffonis): a 

smallish fish found near the surface of rivers, estuaries, and 

coastal waters ranging from southern China to northern Aus-

tralia. Halfbeaks may grow to 23 cm. 

haloarchaean: a salt-loving archaean. 

halophile: an organism that lives in a salty habitat. 

halophyte: a plant that grows in saltwater. Salt marsh grasses 

and mangrove trees are halophytes. 
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hamadryas baboon (Papio hamadryas): the northernmost of ba-

boons, native to the Horn of Africa and the southwestern tip 

of the Arabian Peninsula. Hamadryas have a pronounced 

sexual dimorphism. Males are often twice the size of females. 

This coincides with a strict patriarchal society. The hama-

dryas baboon was sacred to the ancient Egyptians. 

hammer-headed bat (aka big-lipped bat, Hypsignathus mon-

strosus): a megabat common in equatorial Africa. 

haplodiploidy: a sex-determination system where the sex of off-

spring is determined by the number of sets of chromosomes 

received. Female eusocial (Hymenopteran) insects, such as 

bees, wasps, and ants, are diploid, but males are haploid be-

cause they develop from unfertilized, haploid egg cells. 

haploid: an organism having 1 set of chromosomes. 

Harris's hawk (aka bay-winged hawk, dusky hawk, Parabuteo 

unicinctus): a medium-large hawk found in the southwestern 

United States south to Chile, central Argentina, and Brazil. 

Harris's hawk is notable for its pack hunting. 

harvest mouse: a small rodent in the Micromys genus, native to 

Eurasia. 

harvester ant: an ant that collects seeds and stores them in a 

communal granary. A Southeast Asian species – Euprenole-

pis procera – harvests mushrooms. 

haustorium: a hook used by parasitic fungi and plants to attach 

and draw nutrients from their chosen host. A haustorium 

may be shaped like a balloon or glove, or spiral-shaped. 

Hawaiian bobtail squid (Euprymna scolopes): a bioluminescent 

squid, courtesy of the bacteria Vibrio fischeri. The Hawaiian 

bobtail squid is native to the central Pacific Ocean, living in 

shallow coastal waters. 

Hawaiian Islands: an archipelago of 8 major volcanic islands in 

the North Pacific Ocean. The islands are the exposed peaks 

of an extensive undersea mountain range, formed over a vol-

canic hotspot. 

hawk: a bird of prey, of various sizes and genera, in the Accipi-

tridae family. 

hawkmoth: a moderate- to large-sized moth in the Sphingidae 

family, with 1,450 species, found mostly in the tropics, but 
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represented in many biomes. As moths, hawkmoths are dis-

tinguished for their rapid, sustained flying ability, adaptively 

equipped with narrow wings and streamlined abdomens. 

hazel grouse (aka hazel hen, Tetrastes bonasia): a relatively 

small (~37 cm), shy, terrestrial, sedentary grouse endemic to 

woodlands throughout northern Eurasia. 

HD (holistic dimensionality): the totality of dimensions in exist-

ence. HD refers to the universe having more than 4 dimen-

sions (4D) (3 spatial and 1 temporal vector). HD = 4D + ED, 

where ED = extra spatial dimensions. 

heath: a low evergreen shrub of over 700 species in the Erica 

genus; related to heather (Calluna); both genera are in the 

Ericaceae family. 

hectocotylus (plural: hectocotyli): a tentacle of male cephalopods 

that is specialized to store and transfer spermatophores to a 

female. 

hedgehog: a spiny omnivorous mammal endemic to parts of Eu-

rope, Asia, and Africa, of 17 species in 5 genera. 

Helicobacter pylori: a bacterium that lives in the stomach. Over 

50% of the world human population harbor H. pylori. The 

bacterium instigates gastritis or ulcers in less than 20% of 

those that carry it. 

heliobacteria: phototrophic bacteria. 

Heliconia: a genus of 100– 200 flowering plant species, native to 

the tropical Americas and Pacific Ocean islands west to 

Indonesia. 

hellebore: an herbaceous or evergreen perennial of ~20 species 

in the Helleborus genus. Many species are poisonous. 

hematophagy: feeding on blood. 

heme (aka haem): a deep red, iron-containing pigment 

(C34H32N4O4Fe) which readily oxidizes. 

hemicellulose: a polysaccharide matrix in plant cell walls. In 

contrast to stiff cellulose, hemicellulose has little rigidity. 

hemimetabolous: a type of metamorphosis in which physical de-

velopment proceeds from egg to nymph to adult. Compare 

ametabolous, holometabolous. 
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hemiparasitism: a plant that is parasitic by inclination, but able 

to live on its own. Contrast obligate parasitism. Compare fac-

ultative parasitism. 

hemlock (Conium maculatum): an herb native to Europe and the 

Mediterranean, notorious for producing the toxic alkaloid co-

niine. 

hemlock: a genus (Tsuga) of pines. 

hemipenis (plural: hemipenes): 1 of a pair of intromittent organs 

of male squamates. Hemipenis is a portmanteau of hemi 

(meaning half) and penis. Only 1 hemipenis is used at a time 

for sex. Males tend to alternate their hemipenes for succes-

sive copulations. Hemipenes are usually held within the 

body, inverted. They are everted for sex via erectile tissue. As 

hemipenes are inverted and everted, there is no closed sperm 

channel; instead, a seminal groove which seals closes as the 

erectile tissue expands. Hemipenis shape varies by species. 

Hemipenes often have spines or hooks to better anchor the 

male in the female. 

hemocoel: interconnected body cavity spaces between tissues 

through which blood freely flows, unconfined by blood 

vessels. Several invertebrate groups, including arthropods 

and mollusks, have hemocoel. 

hemocyanin: the copper-based protein that transports oxygen in 

most mollusks, some arthropods, and a few cephalopods. He-

mocyanins are suspended directly in hemolymph. Compare 

hemoglobin. 

hemoglobin (aka haemoglobin; abbreviated Hb or Hgb): the iron-

containing oxygen-transport protein in red blood cells of 

almost all vertebrates except crocodile icefish. See icefish. 

hemolymph (aka haemolymph): the fluid in the circulatory sys-

tem of arthropods that is functionally analogous to blood and 

tissue fluid in vertebrates. 

Hepatica (aka liverleaf, liverwort): a genus of herbaceous peren-

nials in the buttercup family, native to central and northern 

Europe, Asia, and eastern North America. Hepatica was 

named for its leaves, which resemble the human liver in hav-

ing 3 lobes. Owing to the Doctrine of Signatures, the plant 

was once wrongly thought to be an effective treatment for 

liver disorders. Although poisonous in large doses, the leaves 
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and flowers are astringent, make for a salve for slow-healing 

injuries, and act as a diuretic. 

herb: an herbaceous plant. Also used to refer to a leafy plant 

part employed as a food flavoring, medicinally, or in perfume. 

Compare spice. 

herbaceous: an angiosperm that has leaves and stems which die 

down to the ground at the end of the growing season. Herba-

ceous plants have no persistent woody stem above ground. 

Herbaceous plants may be annuals, biennials, or perennials. 

Contrast arborescent. 

herbivore: a heterotrophic organism that primarily eats plant-

based foods. Compare omnivore, carnivore, and saprovore. 

hermaphrodite: a sexually reproducing organism with both male 

and female reproductive organs at some point in its life. Her-

maphroditism is a normal condition for most invertebrates, 

which do not have separate sexes. 

hermit crab: a crab of 1,100 species that salvages empty sea-

shells for a protective lodging. 

heron: a long-legged freshwater and coastal bird of 64 species, 

some of which are called egrets or bitterns. 

herpes: an ancient virus that causes disease in animals. 

herring: a coastal, schooling, marine fish in the Clupeidae fam-

ily. 

heterofertilization: plant fertilization by sperms from different 

plants. 

heterogamy (reproductive biology): sexual reproduction, as con-

trasted to parthenogenetic generation. 

heterokaryon: a special form of syncytium, in which a life form, 

such as a plasmodium, has multiple nuclei of different ge-

netic origin. 

heterokaryosis: the process of forming a heterokaryon. 

Heterorhabditis bacteriophora: an entomopathogenic endopara-

sitic nematode that harbors Photorhabdus luminescens. 

heterothallism: a species with individuals having a single sex 

and practicing sexual reproduction only when opposite mat-

ing types come into contact. Heterothallic organisms are oth-

erwise capable of asexual reproduction. The term is used to 
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distinguish between fungi which require 2 compatible part-

ners to sexually produce spores from homothallic ones which 

can sexually reproduce spores from a single organism. Con-

trast homothallism. 

heterotroph: an organism that cannot make its own food. All an-

imals are heterotrophs. Compare autotroph. 

heuristic (psychology): a simple, efficient rule employed to form 

judgments or make decisions. 

heywood (Moricandia moricandioides): an herb in the Brassica 

genus, native to Spain. 

Himalayas: a young mountain range formed by the Indian sub-

continent moving north and slamming into Eurasia. 9 of the 

10 highest peaks on Earth are in the Himalayas. 

hippopotamus: a large, mostly herbivorous even-toed ungulate 

of sub-Saharan Africa. Hippos are semiaquatic: inhabiting 

lakes, shallow rivers, and mangrove swamps. Despite resem-

bling oversized pigs, their closest are cetaceans, from which 

they diverged 55 MYA. 

histology (aka microanatomy): the study of cell and tissue anat-

omy via microscopy. 

hive: a bee nest. 

hoatzin (pronounced: wot-seen) (aka stinkbird, Opisthocomus 

hoazin): a pheasant-sized tropical bird found in swamps and 

riparian forest of the Amazon and Orinoco delta of South 

America. Hoatzin evolved in the Old World but made their 

way to the South America via floating on a raft of vegetation 

millions of years ago. European hoatzin died out when the 

climate became too cold. 

hognose snake: a snake with an upturned snout, known for play-

ing dead. There are 3 distantly related genera of hognose 

snake: in the United States and northern Mexico (Hetero-

don), South America (Lystrophis), and Madagascar (Leiohet-

erodon). 

Holocene (11,700 years ago–1940): the interglacial epoch during 

icehouse before Earth headed into hothouse from manmade 

pollution. The current hothouse epoch has yet to be recog-

nized. The Pleistocene preceded the Holocene. 

homeostasis (biology): a regulatory process by which an organ-

ism strives for holistic health. Compare autopoiesis. 
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holometabolous: a type of metamorphosis with 4 stages: egg, 

larva, pupa, adult. Compare ametabolous, hemimetabolous. 

homeostasis (biology): a regulatory process by which an organ-

ism strives for holistic health. Compare autopoiesis. 

homeostasis (physics): a tendency toward stability within a sys-

tem. 

hominid: an ape descendant, some of which became hominin. 

Compare anthropoid. 

hominin: the hypothesized clade that descended into humans. 

homogeneous: the same at all locations. Compare isotropic. 

homoplasy: the seemingly same trait in organisms of different 

species, but the trait did not evolve from a common ancestor; 

instead, developed via parallel or convergent evolution. 

homosexuality: proclivity for sexual activity with another of the 

same sex. 

homothallism: a species where a single organism can sexually 

reproduce, as it has female and male reproductive structures 

on the same thallus. The term is commonly applied to fungi. 

Contrast heterothallism. 

honesty: giving a candid impression. Contrast deception. 

honey: a viscid sugar made by bees from nectar. 

honey badger (aka ratel, Mellivora capensis): a weasel-looking 

mustelid native to Africa, southwest Asia, and the Indian 

subcontinent. 

honey crop (aka honey stomach, honey sack): a specialized organ 

in the foregut of honeybees used to store and transport liquid 

food. 

honey fungus (aka openky): a parasitic macroscopic fungus of 

woody plants in the genus Armillaria. 

honeybee: a bee in 7 of 20,000 species of bees, in a subset of the 

genus Apis; best known for making honey via foraged pollen 

collection. 

honeydew (secretion): a sticky, sugary liquid secreted by aphids 

and some scale insects. 

honeyguide (aka honey bird): a near passerine brood parasite. 

honeypot: an ant species where select workers are gorged with 

food by other workers. These engorged ants are then used as 
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a larder by their sisters. A honeypot is solicited by stroking 

its antennae, whereupon it regurgitates some stored liquid. 

While many insects cache food, honeypot ants are unique in 

using their own bodies as a food store. 

Honshū: the largest and most populous island of Japan. 

hooded seal (Cystophora cristata): a large seal endemic to the 

central and western North Atlantic Ocean. 

hookworm: a parasitic nematode that lives in the small intestine 

of its mammalian host. 

horizon (pedology): a soil layer. 

horizontal gene transfer (HGT): sharing of genetic material 

between organisms. Contrast vertical gene exchange. 

hormone: an organic compound intended for long-distance 

intercellular communication; from the Greek word for 

impetus. 

Horn of Africa: a peninsula in easternmost central Africa which 

juts into the Guardafui Channel, the oceanic strait which 

connects the Gulf of Aden to the north with the Indian Ocean 

to the south. The tip of the Horn of Africa is Cape Guardafui. 

hornbill: a tropical or subtropical bird in the Bucerotidae family, 

found in Africa, Asia, and Melanesia. Hornbills have a large, 

long, downward curving bill, sometimes with a casque (pro-

trusion) on the upper mandible. 

horned frog: a frog with a flap/horn of skin above each eye. 

hornwort: a group of bryophytes that evolved during the Devo-

nian, now of 100–150 species, found worldwide in moist soils. 

horse (Equus ferus caballus): an odd-toed ungulate. Men began 

to domesticate horses ~4,000 BCE. See equid. 

Horse Latitudes (aka Subtropical High): subtropical latitudes 

between 30°–35° north and south, characterized by a ridge of 

high pressure. 

horsetail (aka snake grass, puzzlegrass, Equisetum): a vascular 

plant that produces spores. 

host (biology): a cell, virus, or organism in/on/to which another 

organism has an interest or relationship. 

host cell: a cell hosting an endosymbiont. Eukaryotes arose from 

an archaean hosting bacterial endosymbionts. 

host range: the cell type(s) that a pathogen infects. 
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hothouse (aka greenhouse): a duration lasting millions of years 

where Earth is hot and typically humid, completely lacking 

continental glaciers. Contrast icehouse. 

hotspot: a volcanic region fed by hot mantle plumes. 

house mouse (Mus musculus): a mouse that mainly lives in as-

sociation with humans. 

housefly (Musca domestica): a fly that is one of the most widely 

distributed insects, found all over the world. Adult houseflies 

are 5–8 mm long. Houseflies live up to their name: most flies 

found in human domiciles are houseflies. The ones not in the 

house want in. The housefly evolved 50 MYA on the steppes 

of central Asia and spread worldwide as a human commen-

sal. 

howler monkey: a large New World monkey of 15 species in the 

Alouatta genus, known for its loud howl, which can carry 5 

km through dense forest.  

human: a bipedal, largely furless primate in the Homo genus. 

Humans are ironically unintelligent in thinking that they are 

smarter than other organisms while having proved the oppo-

site with their self-destructive and environmentally devas-

tating behaviors. 

Humboldt Current (aka Peru Current): a cold, low-salinity deep-

water ocean current flowing northwestward along the west 

coast of South America, from the southern tip of Chile to 

northern Peru. The current ends its flow going east near the 

equator, extending to 1,000 km offshore (the Galápagos Is-

lands). The Humboldt Current provides for the most produc-

tive marine ecosystem in the world, as well as being the 

largest upwelling current. It also cools the lands that it runs 

by: Chile, Peru, and Ecuador. Through fog and clouds are 

produced, marine air cooled by the Humboldt Current is not 

conducive to generating rain, which so accounts for the arid-

ity in the coastal areas where it flows. 

Humboldt squid (aka jumbo squid, pota, diablo rojo, Dosidicus 

gigas): a large, bioluminescent predatory squid living in the 

depths of the Humboldt Current in the eastern Pacific Ocean. 

hummingbird: a bird in the Trochilidae family. Hummingbirds 

are among the smallest of birds, including the smallest: the 

5 cm Bee Hummingbird.  
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humus: the organic portion of soil, formed from partial decom-

position of plant and animal matter. 

hybrid: an organism that is a combination of 2 species. 

hydra: a small, freshwater invertebrate in the genus Hydra, of 

~25 species. The hydra body is a thin, usually translucent 

tube up to 2 centimeters long, but capable of great contrac-

tion. 

hydrocarbon: an organic compound entirely comprising hydro-

gen and carbon. Methane (CH4) is an exemplary hydrocar-

bon. 

hydrogen (H): the element with atomic number 1, constituting 

in its simplest form a single proton and solitary electron (pro-

tium, 1H); the lightest element, and the most abundant chem-

ical in the universe, comprising 75% of cosmic baryonic mass. 

Hydrogen plays an especial role in acid-base chemistry and 

is a proton donor in many reactions between soluble mole-

cules. 

hydrogen sulfide (H2S): a colorless gas with the foul odor of rot-

ten eggs. H2S is poisonous, corrosive, and flammable. 

hydrological cycle (aka water cycle): the cycling of water in the 

biosphere. 

hydrolysis: the cleavage of chemical bonds by adding water. 

hydrophilic: having a high affinity for water. Contrast hydro-

phobic. 

hydrophobic: having a low affinity for water. Contrast hydro-

philic. 

hydrophyte: a plant adapted to living in waterlogged soil or in 

water. 

hydrosphere: the bioelement of water, including the participants 

in the water cycle. 

hydrostatic pressure: positive pressure exerted by a fluid at equi-

librium due to the force of gravity. 

hydrothermal vent: a fissure, usually on the seabed at a volcan-

ically active location, from which geothermally heated water 

issues. 

hydrozoan (plural: hydrozoa): a diverse group of tiny, predatory, 

mostly marine animals, found worldwide. Different hydrozoa 

live solitary or colonial lives. 
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hyena: a dog-like carnivorous mammal in the Hyaenidae family, 

endemic to Africa. 

hylomorphism: the belief that all things are a combination of 

matter and form. The form of life is in the soul. Aristotle con-

cocted hylomorphism. 

Hymenoptera: one of the largest orders of insects, including 

ants, bees, wasps, and sawflies; derived from the Greek word 

for wing. Hymenoptera range in size from tiny to quite large. 

They have large compound eyes. Their mouths are adapted 

for chewing. Hymenoptera typically have 2 pairs of wings. 

The sex of almost all hymenopterans is decided by the num-

ber of chromosomes an individual has. Fertilized eggs get 2 

sets of chromosomes (from mother and father), developing 

into diploid females. Unfertilized eggs, with only the moth-

er's chromosomes, develop into haploid males. Fertilization 

is volitionally controlled by the egg-laying female. This is 

known as haplodiploidy. 

hyperpallium (aka hyperstriatum): the portion of an avian brain 

analogous to the mammalian cerebral cortex. 

hyperphagia: intensive feeding; one way migratory animals pre-

pare themselves for their journey. 

hyperplasia: growth in a tissue or organ by cell proliferation. 

Contrast hypertrophy. 

hyperthermophile: an organism that can survive at 80 °C or 

greater. 

hypertrophy: growth in a tissue or organ by cell enlargement. 

Contrast hyperplasia. 

hypha (plural: hyphae): a threadlike fungal filament. 

hypothalamus: the part of the brain that links the nervous and 

endocrine systems. The hypothalamus regulates autonomic 

functions. 

hypothesis: a guess gussied up in scientific garb. Under the sci-

entific method, hypotheses are ripe for falsifiability testing. 

Compare theory. 

hypoxia: a deficiency of oxygen reaching body tissues. Compare 

anoxia. 

hyrax (aka dassie): a small, thickset, herbivorous mammal, en-

demic to sub-Saharan Africa and the Middle East. Adults 
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weigh 2–5 kg and are 30–70 cm long. Hyraxes retain a num-

ber of early mammalian characteristics. They are barely en-

dothermic: needing to huddle together for warmth, or bask in 

the Sun. Like rodents, hyrax teeth constantly grow, but they 

do not use their front incisors for biting. Instead, they use 

their side molars. Although not ruminants, their digestive 

tract is like those of ungulates, as hyraxes have complex, 

multi-chambered stomachs which allow symbiotic bacteria to 

break down fibrous plant matter. Though they bear no re-

semblance, the hyrax is a close relative to the elephant. 

I 

icefish (aka notothenioid): a fish which lives mainly in the 

Southern Ocean. While most animals have 45% hemoglobin 

in their blood, crocodile icefish (aka white-blooded fish) have 

only 1%. Icefish flourish because of the high oxygen content 

of the cold Southern Ocean waters, and partly because oxy-

gen is absorbed and distributed directly by their blood 

plasma. Oxygen solubility greatly increases when cold. The 

cost is that crocodile icefish expend twice as much energy in 

cardiac output as other icefish with higher hemoglobin con-

centration. 

icehouse (aka ice age): a span of millions of years where the 

world has continental ice sheets, tending toward cool and 

arid climate. Contrast hothouse. 

ichthyology: the study of fishes. 

idea: the representation of a concept. 

Idotea: a genus of isopod crustaceans which mostly inhabit cold 

temperate waters. 

igneous (rock): rock formed by cooling and solidification of 

magma or lava. Compare sedimentary and metamorphic. See 

basement. 

ignorance: a state of unknowing. There are 2 types of ignorance: 

fact-ignorance (fignorance) and perspective-ignorance (pig-

norance). Fignorance is not knowing the salient facts of a 

subject. Pignorance arises from incognizance of reality. 

iguana: an herbivorous tropical lizard. 
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immune system: a biological system that protects against dis-

ease, especially infection. For macrobes, an immune system 

acts as a microbiome management system. 

inclusive fitness: the hypothesis of an evolutionary strategy 

whereby conspecifics altruistically help one another. See kin 

selection. 

Indian pipe (aka ghost plant, corpse plant, Monotropa uniflora): 

a mycoheterotrophic plant native to the temperate regions of 

North America and eastern Asia. The Indian pipe is white, 

as it lacks chlorophyll. 

Indian snakeroot (aka devil pepper, serpentine wood, Rauvolfia 

serpentine): a flowering plant in the milkweed family, native 

to the Indian subcontinent and East Asia to Indonesia. 

indigenous: naturally occurring in an environment or biome. 

Compare native, endemic. 

indigobird: a brood parasitic finch native to sub-Saharan Africa. 

indole (C8H7N): an aromatic biocompound produced by bacteria 

as a degradation product of the amino acid tryptophan 

(C11H12N2O2). 

inference: the process of deriving a conclusion from premises 

known or assumed true. 

inflorescence: a cluster of flowers on a stem. 

inflorescence meristem: meristematic cells that produce floral 

meristem, from which flower parts develop: sepals, petals, 

stamens, and carpels. 

infrared (IR): electromagnetic radiation between 1 and 400 THz 

(terahertz). Most thermal radiation at room temperature is 

infrared. Infrared is emitted or absorbed by molecules when 

they change their rotational or vibrational mode. 

infrasound: sound at a frequency lower than can be heard by 

human ears. 

inhibitor (chemistry): an enzyme that decreases reaction rate. 

Contrast activator. 

innate immune system: the non-learning portion of the immune 

system. Compare adaptive immune system. 

inquiline: an animal that lives commensally in the dwelling of 

another species. The most diverse types of inquiline are 
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found in the nests of social insects, especially ants and ter-

mites, where a single colony may support dozens of different 

inquilines. Inquiline is a somewhat slippery term. Parasites 

are by definition deleterious to their hosts. In contrast, inqui-

lines gain from their host association, by taking advantage of 

host services and facilities, but do not necessarily bring their 

hosts down. 

insect: an arthropod with a tripartite body (head, thorax, and 

abdomen), a chitinous exoskeleton, 3 pairs of jointed legs, a 

pair of compound eyes, and a pair of antennae. Insects are 

among the most diverse groups of animals, with over a mil-

lion known species. 

insectivore: an insect eater. 

instinct: precocious knowledge. 

integrase (retroviral integrase): an enzyme made by a retrovirus 

that enables its genetic material to be incorporated into the 

DNA of an infected cell. 

intelligence: an attribution for behaving appropriately; the pro-

cess of gathering and analyzing information. 

intent: volition; willfulness. 

interconnection: mutual connection. 

interdependence: a system where one feature dynamic may af-

fect another. 

interglacial: a period of warmer climate within an ice age 

(icehouse). Compare glacial period. 

internode (botany): growth between an established plant and its 

nascent offspring during vegetative reproduction. 

interphase: the period of the cell cycle during which a cell lives 

its everyday existence. Interphase is 90% of a cell's life cycle. 

See anaphase, telophase. 

interspecies: between species. Contrast conspecific. 

interspecific: occurring between distinct species. Contrast con-

specific. 

intron: a polynucleotide sequence in a nucleic acid that does not 

code for protein synthesis. Introns are removed before trans-

lation of messenger RNA. Compare exon. 
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introspection (aka metacognition): awareness of cognition; (the 

capability of) reflectively examining one's own thoughts, feel-

ings, and emotions. 

invasive species: a non-native species introduced into a new eco-

system. 

invertase: an enzyme that catalyzes the hydrolysis (breakdown) 

of sucrose (C12H22O11) into fructose and glucose (both 

C6H12O6). Bees biosynthesize invertase, as do yeast. 

invertebrate: an animal that is not a vertebrate. Arthropods are 

the best-known invertebrates. 

iridescence (aka goniochromism): a change of color appearance 

in a material based upon angle of view or illumination. Iri-

descence is often created via structural coloration (micro-

structures which create light interference patterns).  

iridoid: a defensive secondary metabolite produced by plants, 

typically as a glycoside. 

iron (Fe): the element with atomic number 26; a metal. Iron is 

the most common element (by mass) in Earth, forming much 

of its core. 

isopod: a crustacean with a rigid, segmented exoskeleton, in-

cluding woodlice and sea slaters. Isopods lack a carapace 

(dorsal (upper) section shell) and have a special pouch for 

brooding eggs (which characterizes peracarid crustaceans). 

isotocin (C41H63N11O12S2): a peptide hormone which regulates 

sociability in fish; functionally like oxytocin in humans. 

J 

jackdaw (Corvus monedula): a corvid with a range from the Brit-

ish Isles to central Asia. 

jackal: a small to medium-sized opportunistic omnivorous rela-

tive of the wolf, native to Africa and south-central Eurasia. 

There are 3 jackal species (genus: Canis). 

Japan: an island nation off the eastern coast of China, compris-

ing 6,852 islands. 

Japanese archipelago: the 6,852 islands that comprise the coun-

try of Japan. 

Japanese macaque (Macaca fuscata): a terrestrial monkey na-

tive to Japan. 
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Japanese Oakblue (Arhopala japonica): a butterfly in the Lycae-

nidae family, indigenous to east Asia. 

Japanese rice fish (aka medaka, Oryzias latipes): a small, hardy, 

amphidromous fish native to Southeast Asia; a common den-

izen of rice paddies in coastal Asia. 

Japetella: a genus of small (4 cm), pelagic octopi with 1 or 2 spe-

cies (a classification controversy). 

jasmonate: a plant hormone employed for defense, growth, and 

reproductive development. 

jasmonic acid (C12H18O3): a plant hormone, employed in regu-

lating growth and stress response. 

jay: a bold, raucous, medium-sized corvid of ~40 species. 

jellyfish (aka sea jelly): a free-swimming marine animal with a 

gelatinous bell shaped like an umbrella, trailing tentacles. 

Jellyfish are the oldest multiple-organ animal, having been 

around for at least 700 million years. ~2,000 jellyfish species 

are extant. 

jerboa: a hopping desert rodent found from northern Africa to 

east Asia. 

jet stream: an atmospheric river. Earth's polar jet is at roughly 

50º–60º latitude, and the subtropical jet is at around 30º. 

jeweled beetle: a beetle with a glossy, iridescent elytra, in the 

Buprestidae family, with ~15,500 species in 775 known gen-

era. 

jewelweed (aka impatiens, touch-me-not, snapweed): a flowering 

plant in the Impatiens genus, with ~1,000 species, including 

both annual and perennial species. 

joule: the energy equivalent of passing a 1-amp current through 

1-ohm resistance for 1 second. Named after James Prescott 

Joule, who studied energetic relationships. 

juglone (C10H6O3): an allelopathic secondary metabolite that is 

toxic or growth-stunting to many types of plants. The black 

walnut tree produces juglone. 

jujube (Ziziphus jujuba, aka red date): a fruit-bearing Asian tree 

or shrub. The fruits and seeds are a Chinese and Korean tra-

ditional medicine. 
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jumping plant louse (aka psyllid): a small plant-feeding louse in 

the family Psyllidae. Each louse species feeds on only 1 plant 

species (monophagous). 

jumping spider: an agile spider in the Portia genus, with the 

best vision of all invertebrates. Jumping spiders have 4 pairs 

of eyes, with particularly large anterior median (central) 

eyes. Jumping spiders normally move slowly and quietly, but 

are capable of incredibly athletic jumps, either to snag prey 

or to avoid a threat. There are 5,000 distinct jumping spiders, 

making up 13% of all spider species – the most specious spi-

der. 

junco: a sparrow found in North American forests. 

jungle-runner (Ameiva corax): a whiptail lizard. The lizard is en-

demic to the tiny islet of Little Scrub off the east coast of An-

guilla. 

juxtacrine signaling: intercellular communication by direct con-

tact. Compare paracrine signaling and endocrine signaling. 

K 

kalaw (Hydnocarpus wightiana): a semi-deciduous tree in the 

Achariaceae family that grows to 10 meters. Kalaw is native 

to the Indian subcontinent and southeast Asia. The oil from 

its seeds is chaulmoogra. 

kakapo (aka night parrot, owl parrot, Strigops habroptilus): a 

large, ground-dwelling, flightless, nocturnal parrot endemic 

to New Zealand. 

kangaroo: a bipedal Australian marsupial in the macropod fam-

ily, noted for hopping on their powerful hind legs. 

kangaroo mouse: a bipedal jumping mouse native to southwest-

ern United States deserts. 

karyotype: the number and arrangement of chromosomes in the 

nucleus of a eukaryotic cell. 

katydid (aka bush-cricket): a nocturnal insect in the Tettigoni-

idae family, related to crickets and grasshoppers, noted for 

its loud mating calls. 

kelp: a large seaweed (brown algae), of which there are ~30 gen-

era. 
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Kelvin-Helmholtz instability: a turbulent velocity shear in a con-

tinuous fluid.  

keratin: a family of fibrous structural proteins, found in animal 

nails, claws, hooves, and other sturdy parts, including scales, 

skin, feathers, and hair. The only other biochemical sub-

stance with such toughness is chitin. See lignin. 

Kerguelen Plateau: a submerged continent in the southern In-

dian Ocean. 

Keystone Cops: incompetent fictional policemen featured in an 

American comedic silent-film series between 1912 and 1917. 

keystone species: species in a biome that act as a provider or fa-

cilitator for other species, even indirectly. 

kin selection: the theory that organisms altruistically help their 

relatives. 

kinesin: a motor protein found in eukaryotic cells. 

kinetic energy: energy associated with motion. 

king cobra (Ophiophagus hannah): the longest venomous snake 

(up to 5.7 m, averaging 3.5 m), which chiefly preys on other 

snakes. Endemic to forests from India through Southeast 

Asia. Not a true cobra. 

kingdom (biological classification): the taxon above phylum and 

below domain. There are 4 eukaryotic kingdoms: protists, 

plants, fungi, and animals. 

kingsnake: a nonvenomous snake in the genus Lampropeltis, na-

tive to the Americas. 

kinkajou (aka honey bear, Potos flavus): a reclusive, frugivorous, 

arboreal mammal native to Central and South America. 

kleptoparasitism (aka cleptoparasitism): habitual food theft. 

The term is also used for robbery, such as nesting materials. 

Klosneuvirus: a giant virus able to stitch together proteins, as it 

can synthesize all 20 of the requisite amino acids; so-called 

from being found in a waste-water treatment tank in 

Klosterneuburg, Austria. Klosneuvirus preys on protists. 

knapweed: an herbaceous thistle-like angiosperm in the Centau-

rea genus, with 350–600 species in the Asteraceae family. 

kneeling angelica (Angelica genuflexa): a taprooted perennial 

herb that grows in moist areas of coniferous forests, such as 
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stream banks; native to northwestern North America, from 

northern California to Alaska. 

knowledge: cognition of facts or principles about Nature. 

kudzu (aka Japanese arrowroot): a rapid-growing, edible, peren-

nial vine in the pea family. 

kudzu bug (aka kudzu beetle, stink bug, lablab bug, shield bug, 

Megacopta cribraria): a roundish beetle native to India and 

China. For defense, the kudzu bug sprays a foul liquid. 

kukri snake: an egg-eating colubrid snake in the Oligodon ge-

nus, endemic to central and tropical Asia. 

Kwongan: an arid biome in southwestern Australia. 

L 

La Niña: the opposite Pacific Ocean dynamic to El Niño. 

labellum: a special petal at the bottom of an orchid flower which 

attracts pollinating insects and acts as a landing platform. 

Laccaria bicolor: an ectomycorrhizal fungus that appears a 

small tan mushroom with lilac gills. 

Lactobacillus: a genus of rod-shaped, non-spore-forming bacte-

ria which is either anaerobic or microaerophilic. Lactobacil-

lus can convert lactose and other sugars to lactic acid. 

laetrile: a modified form of amygdalin, promoted since the early 

1950s as a cancer cure. 

lamella (surface anatomy) (plural: lamellae): a thin, plate-like 

structure. Fish gills and gecko feet use lamellae to achieve 

their respective functionality. 

language: a system of symbols with interrelated meanings. 

langur: a general name given to several Asian monkey species. 

lanternfish (aka myctophid): a small, mesopelagic (twilight 

zone) fish in the Myctophidae family, with 33 genera and 246 

species. All but 1 species of lanternfish are bioluminescent. 

lark: a passerine in the Alaudidae family, with 21 genera; extant 

in the Old World, and in eastern and northern Australia. The 

horned lark is found in North America. Many larks live in 

dry biomes. 

lark bunting (Calamospiza melanocorys): a medium-sized spar-

row native to central and western North America. 
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larva (biology) (plural: larvae, larvas): the immature, wingless, 

and often wormlike (vermiform) feeding stage of a hol-

ometabolous insect hatched from an egg. The next develop-

ment stage is as a pupa. Compare nymph. 

Last Glacial Maximum (26.5–19.5 TYA): the last period of peak 

glaciation on Earth. 

late blight: a potato blight caused by Phytophthora infestans. In 

small contrast, early blight is caused by Alternaria solani, 

another fungus. The term early is a misnomer, as it usually 

occurs on older potato plant leaves. 

lateral line: a sense organ system in aquatic vertebrate, chiefly 

fish, used to detect movement via vibration. 

lateral meristem: a meristem which grows a plant larger in di-

ameter. 

leaching layer: the uppermost soil horizon, where organic debris 

breaks down and is washed downward into the middle soil 

layer by rainwater. 

leaf: a vascular plant organelle, typically employed in photosyn-

thesis. Leaves evolved to suit plants specific needs, optimized 

to constraints imposed by physics at the quantum level. See 

foliage. 

leaf beetle: a beetle in the Chrysomelidae family, with over 

50,000 species; one of the most commonly encountered bee-

tles. 

leaf monkey: an arboreal Asian monkey with a slender body and 

long tail. 

leafcutter ant: a tropical leaf-chewing, fungus-farming ant. 

There are 47 non-generic species that go by the leafcutter 

name. 

leafhopper (aka hopper): a small (up to 1.5 cm), slender, winged 

insect of 20,000+ species in the Cicadellidae family, named 

for their hopping ability. Leafhoppers suck plant sap for food. 

learning: the process of constructing a conceptual framework. 

least weasel (Mustela nivalis): the smallest weasel, but a fierce 

hunter, able to bring down a rabbit 5–10 times its weight. 

Least weasels are native to Eurasia, North Africa, and North 

America. 
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Legionnaires' disease: an atypical pneumonia caused by the 

freshwater Legionella bacterium. 

legume: an herbaceous perennial plant or its fruit or seed. Well-

known edible legumes include alfalfa, beans, carob, lentils, 

peanuts, peas, and soybeans. 

lek: a gathering of animal males for competitive courtship dis-

play. 

lemur: a clade of prosimian, named after the lemures (ghostly 

spirits) of Roman mythology, owing to lemurs' ghostly vocals, 

reflective eyes, and often nocturnal lifestyle. Lemurs are en-

demic to Madagascar, having arrived by rafting 62–65 MYA. 

Some lemurs were as large as male gorillas until after hu-

mans arrived on the island 2,000 years ago. The invasive hu-

mans wiped the large lemurs out. 

lengyre (aka vital energy, chi (Chinese), prana (Hindu)): an or-

ganism's life-force energy system. 

lenticel: porous tissue that allows gas exchange between inter-

nal plant tissues and the atmosphere. 

Lepiotaceae (fungus): a family of fungi that have a mutualism 

with leafcutter ants. 

leprosy: a bacterial infection with progressive symptoms that 

can permanently damage the skin, limbs, eyes, and nerves. 

Leptopilina heterotoma: a parasitic wasp that infects fruit flies. 

Levant: the geographical region encompassing modern-day 

Jordan, Israel, Lebanon, and Syria. The term Levant first 

appeared in English in 1497; originally meaning "the East." 

The Levant has been characterized as the "crossroads of 

western Asia, the eastern Mediterranean and northeast 

Africa." 

liana: a woody vine, rooted in the soil, that climbs trees to the 

canopy. 

Liberibacter: a bacterium that infects citrus trees. 

lichen: a composite organism comprising a fungus (mycobiont) 

and a photosynthetic (photobiont) cyanobacterium or algae. 

life: anything capable of perceiving its environment. 

life-history variable: a trait or aspect of an organism's existence 

related to others; often viewed comparatively, as a trade-off 

with other, mutually exclusive possibilities. 
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life zone: according to a biome classification scheme by Leslie 

Holdridge, a region with similar soil type and climax vegeta-

tion (dominant plants). 

ligand (biochemistry): a molecule that emits a signal by binding 

to a site on a target protein. 

lignin: an amorphous polymer related to cellulose, employed as 

a cellular scaffold. Lignin is an integral part of the cell walls 

of plants and some algae. See chitin, keratin. 

light: electromagnetic radiation visible to the human eye, at a 

wavelength between 380–740 nanometers. 

lilac: a flowering woody plant in the Syringa genus of the olive 

family, with 20–25 species, endemic to temperate Eurasia. 

lily: an herbaceous angiosperm which grows from bulbs. There 

are at least 111 species in the Lilium genus. All have large 

prominent flowers. Numerous plants with the lily name are 

not true lilies. 

lima bean (aka butter bean): a legume. 

limestone: a sedimentary rock, largely comprising calcite and 

aragonite, which are different crystal forms of calcium car-

bonate (CaCO3). Many limestones are the compressed rem-

nants of marine organisms, such as coral and foraminifera. 

lion: a large cat in the Panthera genus. Lions were endemic to 

Africa and Eurasia until hunted by humans to extinction in 

all but Africa, where they are increasingly endangered by the 

same dynamic. 

lionfish: a venomous marine fish in the Pterois genus. 

lipid: a broad group of relatively complex nonpolar carbon-based 

compounds, used for energy storage and a wide variety of bi-

ological functions. 

lipogenesis: conversion of carbohydrates into triglycerides. 

lipopolysaccharide (aka lipoglycan): a lipid and a polysaccharide 

joined by a covalent bond. 

liquid: a fluid that flows freely. Water is a liquid. 

lithotroph: an organism that consumes inorganic minerals. 

lithosphere: the outermost shell of a rocky planet. Earth's litho-

sphere comprises its crust and upper mantle: the portions 

that behave elastically over geological expanses of time. 

liverwort (aka Marchantiophyta): a non-vascular embryophyte. 
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lizard: a scaled reptile of over 5,600 extant species in all conti-

nents except Antarctica, including most oceanic islands. 

lobe-finned fish (Sarcopterygii): a clade of bony fish with fleshy, 

lobed, fin pairs, joined to the body by a single bone. Each fin 

is on a scaly stalk extending from the body. Contrast ray-

finned fish. 

lobster: a large marine crustacean with 5 pairs of legs, a long 

body and muscular tail. Lobsters are found in all oceans, re-

siding in burrows or crevices on the sea floor. Lobsters may 

live 40–60 years, possibly more. 

locality (physics): the idea that an object can only be influenced 

by its immediate surroundings. See entanglement. Contrast 

nonlocality. 

long call: a loud, long call of orangutans that may carry for a 

kilometer, used for mating and other purposes. 

long con: a grift that takes time to come to fruition. 

loon (aka diver (in the UK & Ireland)): a group of aquatic car-

nivorous bird endemic to North America and northern Eura-

sia. 

loris: a slow-moving, nocturnal, tailless, arboreal strepsirrhine, 

endemic to India, Sri Lanka, and parts of Southeast Asia. 

lotus (sacred) (aka Indian lotus, Nelumbo nucifera): a flowering 

perennial aquatic plant, of which there are 2 species. The lo-

tus is often wrongly considered a water lily. The lotus has 

been a symbol of divinity in Asian culture since antiquity, 

representing purity and enlightenment. 

lotus effect: water-based self-cleaning of a waxed leaf owing to 

hydrophobic nanoscale structures in the wax on the leaf. 

lovebird: a small parrot with a big heart; 9 species, endemic to 

Africa and Madagascar. 

LSD (lysergic acid diethylamide): a semisynthetic mammalian 

hallucinogen. 

luciferin: a bioluminescent compound. 

lupin (aka lupine): a legume in the Lupinus genus, found in the 

Americas, North Africa, and the Mediterranean. 

Lusitanian toadfish (Halobatrachus didactylus): a toadfish res-

ident along the Atlantic and Mediterranean coasts of western 
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Europe and western Africa. The Lusitanian toadfish has ven-

omous spines. 

lutung (aka langur, leaf monkey, Trachypithecus): an Asian 

monkey with a slim build and long tail. 

lymphocyte: a type of white blood. 

lysigeny (botany): the process of selectively eliminating cells to 

produce spaces for gas pathways; employed by plants to cope 

with waterlogging. 

lysis: viral reproductive release by cell wall rupture: killing the 

host cell in a violent outburst that releases a multitude of 

offspring. Contrast lysogeny. 

lysogeny: viral reproduction by exuding offspring through a host 

cell membrane. Contrast lysis. 

lysosome: the organelle in animal cells responsible for autoph-

agy. 

M 

macaque: an Old World monkey of 22 species. 

macaw: a long-tailed New World parrot of 18 species, often col-

orful. 

macerate: to soften by wetting or chewing. 

macrobe: non-microbial life; any life form not requiring a micro-

scope to be seen. Contrast microbe. 

macrofungi: macroscopic fungi. 

Macronema transversum: a caddis fly with aquatic larvae that 

create elaborate protective cases. 

macrophage (derived from the Greek for "large eater"): a type of 

phagocyte employed in vertebrate immune system defense. 

macropod: a marsupial in the Macropodidae family, native to 

Australia, New Guinea, and nearby islands. Macropods in-

clude kangaroos, wallabies, and several others. Macropods 

have large, strong hind legs and powerfully muscled tails. 

macroscopic: visible to the human eye. Contrast microscopic. 

Madagascar: a large island in the Indian Ocean off the coast of 

east Africa. 

mafic: silicate mineral rich in in magnesium and iron. Basalt is 

a mafic rock. Mafic is a portmanteau of "magnesium" and 
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"ferric" (referring to iron). Mafic rocks are 45–55% silica. 

Contrast felsic. 

magma: molten rock made underground. Igneous rocks come 

from cooled magma. 

magnesium (Mg): the element with atomic number 12; an alka-

line earth metal; the 8th most abundant element in Earth's 

crust. 

magnetoreception: sensory reception of the Earth's magnetic 

fields by biochemical means. 

magnetosphere: the area of astrological space where charged 

particles are controlled by a heavenly body's magnetic field. 

The Earth's magnetosphere is an outer layer of the iono-

sphere. Distinguished by its ionization, Earth's ionosphere is 

85–600 km altitude. 

Magnetospirillum: a genus of bacteria sensitive to magnetic 

fields. Magnetospirilla live in sediments and shallow fresh 

water. 

magpie: a long-tailed corvid in the genus Pica. 

major histocompatibility complex (MHC) (genetics): a group of 

vertebrate genes that code for cell-surface glycoproteins 

(MHC molecules) which are part of the immune system.  

major histocompatibility complex molecule (molecular biology) 

(MHC molecule): a cell surface glycoprotein that consciously 

identifies a cell as native or not (biologically compatible or 

foreign). 

malaria: a mosquito-borne infectious animal disease caused by 

Plasmodium falciparum, a parasitic protozoan. 

mallow: an herbaceous plant in the Malva genus, with 25–30 

species, widespread through Africa, Europe, and Asia, in 

tropical to temperate biomes. 

mamavirus: a variant strain of the mimivirus. 

mamba (Dendroaspis): a legendary, venomous, diurnal, African 

snake. Most mamba are arboreal, but the black mamba is 

terrestrial. 

mammal: a class of air-breathing vertebrate animals, character-

ized by endothermy, hair, and females with functional mam-

mary glands. 
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manakin: a 60-species clade of small passerines in the American 

tropics. 

manatee: a large marine mammal in the same order (Sirenia) as 

dugongs. 

mandible: jawbone (the lower jaw in mammals). 

mandrake: a plant in the genus Mandragora that produces pow-

erful alkaloids which affect the nervous system, such as at-

ropine and scopolamine. 

mandrill (Mandrillus sphinx): an Old World monkey endemic to 

the western coastal region of equatorial Africa; closely re-

lated to the baboon. 

mangabey: an Old World monkey of 3 genera. The name arose 

when mangabeys were mistakenly thought to be in a single 

genus. Whereas white-eyed mangabeys (Cercocebus) are 

closely related to mandrills, crested mangabeys (Lophocebus) 

are close kin to baboons. The highland mangabey (aka 

kipunji) is recently discovered – a single species in the genus 

Rungwecebus.  

mangrove: a salt-tolerant (halophyte) tree that grows in coastal 

biomes in the tropics and subtropics. 

mangrove snapper (Lutjanus griseus; aka gray snapper): a snap-

per species native to the western Atlantic Ocean. 

mantis shrimp (aka stomatopod): a worldwide marine crusta-

cean of around 400 species, typically solitary and aggressive. 

Mantis shrimp sport powerful claws which can spear, stun, 

or dismember prey. The ancient Assyrians called mantis 

shrimp "sea locusts." 

mantle: the layer of Earth above the core and below the crust. 

mantle plume: the rising of hot rock from the core-mantle bound-

ary through the mantle to become a diapir (intrusion) in the 

Earth's crust. 

margay (Leopardus wiedii): a spotted, nocturnal, arboreal cat, 

native to the Americas. Margays look much like ocelots. 

marine iguana (aka sea iguana, saltwater iguana, Amblyrhyn-

chus cristatus): an iguana endemic to the Galápagos Islands 

with the unique ability to forage in the sea, feeding almost 

exclusively on algae residing on rocks. 

marine snow: see dissolved organic matter. 
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mariposa lily (Calochortus apiculatus): a lily with open wedge-

shaped petals; endemic to California. 

marmoset (aka zari): a small New World monkey of 22 species 

in 4 genera. 

marmot: a large, herbivorous squirrel found in mountainous 

regions in the northern hemisphere, of 15 species in the 

Marmota genus. Marmots typically live in burrows and 

hibernate there through the winter. 

marsh: a wetland that is dominated by herbaceous rather than 

woody plants. 

marsupial: a clade of mammals characterized by giving birth to 

relatively undeveloped live young. An infant marsupial (joey) 

develops within its mother's pouch. 

masked hunter (Reduvius personatus): an assassin bug that 

lures its victims by attaching debris to itself and making it-

self a curiosity. Bed bugs are a favorite, though humans are 

tasty too. Its bite is painful. 

mason bee: a bee so named for its practice of using mud or other 

masonry materials to build its nest. 

mass extinction: the indiscriminate extinction of many species 

during extinction events. Contrast background extinction. 

mast seeding: a stratagem of some trees to greatly vary seed pro-

duction from year to year, to stress animal seed eaters and 

improve plant survival prospects. 

mastodon (26.8 MYA–11 TYA): an elephant-like animal hunted to 

extinction by humans. 

mason bee: a bee so named for its practice of using mud or other 

masonry materials to build its nest. 

materialism (psychology, economics): a worldview valuing ma-

terial consumption and possessions. 

matric potential: the adhesive intermolecular forces that water 

has for solid particles; in other words, water's cling to things. 

matriline: a female-dominated social group. Matrilines are 

formed by females staying with their natal group. Males typ-

ically emigrate to another group upon reaching sexual ma-

turity. Most Old World monkeys are matriline. 

matter (physics): something with mass, constructed of fermions. 

See energy. 
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matterism (aka (philosophical) materialism): the monistic belief 

that reality is made of matter. Matterism ignores that matter 

of made of energy and supposes that the mind is a figment of 

something substantial. Contrast energyism. 

mavirus: a virophage that relies upon and fouls the works of 

CroV, a giant marine virus. The name mavirus is a contrac-

tion of "maverick virus." 

measles: a highly contagious viral disease, as it may infect 

through the air, with symptoms developing 7–10 days after 

infection. 

meat ant (aka gravel ant, Iridomyrmex purpureus): an ant na-

tive to Australia. 

Mediterranean Sea: the sea connected to the Atlantic Ocean and 

enclosed by the Mediterranean region of southern Europe 

and western Anatolia, north Africa, and the Levant. 

meerkat (aka suricate, Suricata suricatta): a gregarious mon-

goose with a decided social hierarchy, endemic to south Af-

rica. 

megabat (aka fruit bat, Old World fruit bat): a herbivorous bat 

in the suborder Megachiroptera, native to tropical and sub-

tropical Eurasia, Africa, and Oceania. Fruit bats are rela-

tively large and do not navigate via echolocation, with some 

exceptions. 

megapode (aka incubator bird): a stocky, chickenish bird with a 

small head and large feet, living in wooded habitats; endemic 

to Australasia. Megapodes are mainly solitary birds. 

meiosis: the special cell division for sexual reproduction, 

producing germline gametes (sperm or eggs). Meiosis also 

refers to the cell division process for making spores. 

melanin: a group of pigments found in most organisms. 

melinjo (tree) (Gnetum gnemon): a tree native to Southeast Asia 

and western Pacific Ocean islands. Melinjo seeds, fruit, flow-

ers, and leaves are used in Indonesian cuisine. 

meliponine (aka stingless bee): a eusocial bee of ~500 species in 

the tribe Meliponini, closely related to honeybees, bumble-

bees, carpenter bees, and orchid bees. 

melody: the tonal pattern of music. Compare rhythm. 
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melon (botany): the fleshy round fruit of plants (e.g., water-

melon, muskmelon (including cantaloupes, and the smooth-

skinned honeydew)). 

melon (zoology): the round organ at the top front of a dolphin's 

head, used for echolocation. 

membrane (cytology): a lipid bilayer surrounding a cell, provid-

ing a barrier between the cell and the outside world. 

meninges: the protective membranes that envelop the central 

nervous. 

meningitis: acute inflammation of the meninges. 

meningococcus (Neisseria meningitidis): the bacterium that 

causes meningitis. 

menopause: the transitional period in vertebrates of reproduc-

tive senescence some time before natural death; typically oc-

curring in women between 45–55 years of age. 

mental time travel: remembering previous activity patterns and 

anticipating and planning for future events. 

meristem: plant tissue where growth occurs. Meristematic plant 

cells are analogous to animal stem cells. 

meroplankton: organisms that are planktonic for only part of 

their lives. 

mesh: a crystal lattice. 

mesoglea: a non-living jelly, sandwiched between 2 thin (single 

cell) layers of epithelium, which functions as a hydrostatic 

skeleton. 

mesophile: an organism suited to moderate temperature: 20–45 

ºC. 

Mesopotamia: an area of the Tigris–Euphrates river system, 

widely considered the Western cradle of civilization during 

the Bronze Age. Indigenous Sumerians, Assyrians, and Bab-

ylonians were there at the onset of written history 3100 BCE. 

mesosphere: the layer of Earth's atmosphere below the thermo-

sphere and above the stratosphere. The mesosphere is 53–85 

km above Earth's surface. 

mesotherm: an animal with internal means to raise body tem-

perature, but not with the precision of maintaining thermal 

homeostasis like endotherms. See ectotherm, endotherm. 
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mesotocin (C43H66N12O12S2): a peptide hormone which regulates 

sociability in birds; functionally like oxytocin in humans. 

messenger RNA (mRNA): an RNA molecule with the physical 

blueprint for a protein product. 

metabolic pathway: a series of chemical reactions within a cell, 

typically with an intended biological end-product. 

metabolism: cellular chemical reactions which provide energy 

for vital processes. See anabolism, catabolism. 

metabolite: a chemical product of metabolism. 

metacognition: knowing what one knows. See introspection. 

metacommunication: a communication qualifier; indirect cues 

as to how information is meant to be interpreted. Animals 

employ metacommunication to convey the intent of commu-

nications that follow a metacommunication. An adult male 

lion bows before a cub as an invitation to play; a gesture that 

has no other context. 

metamerism: a plant or animal with a body comprising a linear 

series of segments, similarly in structure. Earthworms and 

centipedes are metameric. 

metamorphic (rock): a rock arising from transformation via heat 

and pressure. The original rock (protolith) may be igneous, 

sedimentary, or a previous incarnate metamorphic. Compare 

igneous and sedimentary. See basement. 

metamorphism (geology): the recrystallization of a rock owing to 

heat, pressure, or chemically active fluids. 

metamorphosis: conspicuous and relatively abrupt changes in 

phenotype during the life cycle of an animal, usually accom-

panied by a change in habitat and/or behavior. Some insects, 

mollusks, amphibians, crustaceans, cnidarians, echino-

derms, and tunicates undergo metamorphosis. The 3 types of 

metamorphosis are ametabolous, hemimetabolous, and hol-

ometabolous. 

metapleural gland: an antibiotic secretory gland unique to ants, 

and basal in the evolution of ants. Ants groom the secretion 

onto their exoskeleton to prevent bacterial and fungal 

growth. Some ant species lack metapleural glands, especially 

arboreal ants, who suffer less exposure to parasites than ter-

restrial ants. Most male ants do not have metapleural 
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glands, instead benefiting from shared secretions from fe-

male ant workers.  

metastasis: movement of a disease-producing agent, such as can-

cer, to another bodily site. 

metazoan (plural: metazoa, metazoans): a multicellular animal. 

meteorite: a sizeable rock from space that managed to smack 

Earth's surface without being vaporized on atmosphere en-

try. A meteorite might be a comet or asteroid. 

methane (CH4): a flammable, explosive gas. Methane forms in 

mashes and swamps from decaying organic matter, and so is 

sometimes called marsh gas or swamp gas. 

methanogen: anoxic archaea that produce methane as a meta-

bolic byproduct. 

methanotroph (aka methanophile): a prokaryote that consumes 

methane. 

methodicalness: the tendency to habitually proceed systemati-

cally. 

methyl jasmonate (C13H20O3): a volatile compound that plants 

employ for defense. 

methyl salicylate (C8H8O3): an ester produced by plants for bac-

terial defense. 

Mexican yam: a yam native to Mexico that grows an 

aboveground caudex dome. 

MHC: see major histocompatibility complex. 

Micaria: a genus of ground spider found throughout much of the 

world except Central and South America. 

microaerophile: a microbe that requires only modest amounts of 

oxygen to survive. 

microbe: a microorganism, too tiny to be seen without a micro-

scope; typically, a single-celled prokaryote. Microbes include 

archaea, bacteria, and fungi. Contrast macrobe. 

microbial loop: recovery of otherwise lost organic energy by bac-

teria. 

microbiome: the endosymbiotic, microbial, ecological community 

that comprises every eukaryotic organism, especially multi-

cellular eukaryotes. Commensal prokaryotic inhabitants are 

essential to eukaryotic life. 
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microbiota: the microbes in a microbiome. 

micrometer (µm): 1-millionth of a meter. 

microparasitism: parasitic behavior by a microbe. 

microRNA (miRNA): a class of post-transcriptional regulators 

which bind to microRNA response elements, thereby decreas-

ing the stability of protein-coding messenger RNAs (mRNA) 

or limiting their protein translation. The result is typically 

stifling or silencing gene expression. 

microscopic: visible to humans only by using a microscope. Con-

trast macroscopic. 

microsporidium (plural: microsporidia): a unicellular spore-

forming intracellular fungal parasite in the phylum Micro-

spora.  

microtubule: a protein fiber found throughout the cytoplasm as 

a part of the cytoskeleton. 

mid-ocean ridge: a marine mountain range formed by plate tec-

tonics. 

midge: a common term for a species-diverse group of tiny flies. 

migration: purposeful travel over long distance by an animal. 

Milankovitch cycle: a 1920 hypothesis by Milutin Milanković re-

lating changes in sunlight, and thereby climate, to variations 

in Earth's orbit about the Sun. Earth has an elliptical orbit, 

with eccentricities in that orbit, as well in its axial tilt and 

precession (rotational orientation). Milankovitch cycles are 

now used extensively to explain the timing of glacial-inter-

glacial cycles in Earth's evolution. 

milk snake (Lampropeltis triangulum): a nonvenomous 

kingsnake found from southeastern Canada through much of 

the United States, down to northern South America. 

milkweed: an herbaceous perennial dicot of over 140 known spe-

cies in the Asclepias genus, native to North America. Milk-

weeds are among the most complex flowers, comparable to 

orchids. 

millipede: a segmented wormy arthropod comprising over 20 

segments with 2 pairs of jointed legs on most body segments, 

of 15,000–80,000 species, of which 12,000 have been de-

scribed. 
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milt: the seminal fluid of fish, mollusks, and other water 

dwellers, who reproduce by spraying milt, which is loaded 

with sperm, onto roe (fish eggs). 

mimesis: imitative behavior; typically, an animal defense. 

mimicry (biology): trait imitation by a species. 

mimivirus: a giant virus in the Mimivirus genus that infects 

amoebae. 

mind: an intangible organ for symbolic processing. 

minnow: a small freshwater fish in the carp family. 

mint (aka deadnettle, Lamiaceae, Labiatae): a family of predom-

inantly perennial flowering plants with 13–18 species, many 

of which have aromatic parts. Mint family plants include 

many widely used culinary herbs, such as basil, lavender, 

marjoram, mint, oregano, rosemary, sage, savory, and 

thyme. 

Miocene (23–5.3 MYA): the 1st of 2 epochs in the Neogene period, 

divided into 6 ages with corresponding rock stages. 

mirror test: the dumb idea by Gordon Gallup Jr. that some sense 

of animal self-awareness can be ascertained by gauging the 

reaction of an animal to a mirror (ostensibly seeing its own 

reflection). 

mistletoe: an obligate parasitic plant, though with evergreen 

leaves that perform photosynthesis. The host provides water 

and mineral nutrients. There are 1,300 mistletoe species. 

mistletoebird (Dicaeum hirundinaceum): a bird native to Aus-

tralia that eats assorted berries and insects, though favors 

mistletoe berries. 

mite: a tiny arthropod in the subclass Acari, along with ticks. 

With 48,200 described species, mites are among the most di-

verse and successful invertebrates, having adapted to a vast 

array of habitats: living free in water or soil, and as parasites 

on plants, animals, and even mold. Studying ticks and mites 

is acarology. 

mitochondrion (plural: mitochondria): an organelle that acts as 

a cell's power plant, generating a supply of ATP. Mitochon-

dria play other important roles in the cell life cycle, including 

growth and aging. Mitochondria maintain their own genome, 

independent of the cell nucleus. Some eukaryotic cells have 

multiple mitochondria, others none. Whereas human red 
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blood cells have no mitochondria, liver cells may have over 

2,000. 

mitosis: the eukaryotic cell division process. 

mitotic recombination: a relatively rare genetic recombination 

that occurs in somatic cells during mitosis. 

mixotroph: an organism, typically a microbe, that can use a mix 

of different sources of energy and carbon. This affords taking 

advantage of different environmental conditions. 

moa: a large flightless bird endemic to New Zealand; the domi-

nant herbivore there until hunted to extinction by men in the 

late 13th century. The 2 largest species reached 3.6 meters 

in height and weighed up to 230 kilograms. 

moccasin (Agkistrodon piscivorus): a pit viper native to the 

southeastern United States. 

mockingbird: a New World passerine known for their imitative 

songs, of 17 species in 3 genera. 

Moho discontinuity: the boundary between the crust and mantle 

of the lithosphere; named after Andrija Mohorovičić. 

moiety: a functional group that is part of a molecule. 

mold (aka mould): a fungus that grows as multicellular fila-

ments (hyphae). In contrast, fungi that grow as single cells 

are called yeast. 

mole (zoology): a small subterranean mammal found in the 

northern hemisphere, with powerful forelimbs for digging. 

molecular motor: biological molecular motion agents. A molecu-

lar motor converts energy into movement or mechanical 

work. Protein motors are common. 

molecule: a combination of 2 or more atoms. 

mollusk (aka mollusc): a phylum of invertebrates. Mollusks are 

highly diversified in marine environments, comprising 23% 

of identified macroscopic marine species. There are also 

freshwater and terrestrial mollusks, such as snails. 

molting (aka sloughing, shedding, ecdysis): shedding a body 

part, such as the epidermis (skin), during development or at 

a certain time of year, as with antlers. Arachnids, amphibi-

ans, and squamates are among animals which molt to grow. 

monarch butterfly (Danaus plexippus): a large migratory butter-

fly. Its larvae dine on milkweed. 
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Moneke: the son of Martin the Ape in the 16th century German 

fable Reynard the Fox. The term monkey derived from this, 

albeit as a misclassification of monkeys as apes. See monkey. 

mongoose (plural: mongooses or mongeese): a small carnivore of 

33 extant species, endemic to southern Eurasia and Africa.  

monitor lizard: a large, venomous, carnivorous lizard in the 

Varanus genus, with ~79 species, native to Africa, Asia, and 

Oceania. 

monkey: a primate, excluding apes. 

monkey-flower (aka musk-flower): a flowering plant of 150 spe-

cies in the genus Mimulus. Monkey-flower species diversity 

is greatest in western North America, with Australia another 

area of considerable diversity. 

monitor lizard: a large, venomous, carnivorous lizard in the 

Varanus genus, with ~79 species, native to Africa, Asia, and 

Oceania. 

monobasic acid: an acid with only 1 hydrogen ion to donate to a 

base in an acid-base reaction. 

monochromacy: having a single type of vision receptor. Marine 

mammals, with only 1 color cone type, are monochromats, as 

are night monkeys. 

monocot (monocotyledon): a plant with 1 embryonic leaf (cotyle-

don) in its seed. Compare dicot, eudicot. 

monoculture: agricultural use of land for growing only 1 crop. 

monogamy: a mating system comprising a male and female pair. 

Contrast polygamy. 

monologue: prolonged 1-way communication by an organism. 

Contrast dialogue. 

monomer: a molecule that may bind with other molecules to 

form a polymer. 

monophagy: an animal with a diet limited to a single specific 

type of food. Contrast polyphagy. 

monosaccharide (aka simple sugar): a simple carbohydrate with 

the formula (CH2O)n, where n = 3 (triose), 5 (pentose), or 6 

(hexose). Glucose, fructose, and ribose are exemplary mono-

saccharides. See disaccharide. 
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monotreme: a mammal that lays eggs. Although they were once 

more widespread, the only extant species are platypuses and 

echidnas (spiny anteaters). 

montane: the biome of mountain regions. 

Moon: Earth's solitary satellite; the 5th largest satellite in the 

solar system. 

moral: conforming to a principle of appropriate behavior based 

upon respect of other life. 

moray eel: an eel in the Muraenidae family, with 200 species 

across 15 genera. Moray eels are shy and secretive. 

mordant: a chemical compound that sets dyes onto fabrics or tis-

sue by forming a coordination complex with the dye, the com-

bination of which attaches to the substrate. There are many 

mordants, including tannic acid and sodium chloride. A mor-

dant is typically a polyvalent metal ion. 

more (sociology): a folkway of central importance; a strongly 

held norm. See taboo. 

morphine (C17H19NO3): an opium extract, used medicinally for 

pain. 

morpho dragonfly: a South American tropical rainforest dragon-

fly with 5–6 species. 

morphology: the form and structure of an organism or other sys-

tem. Compare physiology. 

mosaic evolution: an evolutionary change in only part of an or-

ganism. 

mosquito: a family of small, midge-like flies. The females of most 

species are blood suckers. 

moss: a phylum of 12,000 species of small, soft, non-vascular 

plants that usually grow in clumps, typically 1–10 cm tall, 

though a few are larger. Moss are commonly confused with 

lichen. In their afterlife moss form peat. 

moss rose (Portulaca): a flowering plant of 40–100 species found 

in the tropics and warm temperate regions. 

moth: a flying insect related to the butterfly. Most moths are 

nocturnal. ~160,000 species are extant. Compare butterfly. 

mother cell (aka parent cell): a cell that produces other cells. 

motile: capable of movement. Contrast sessile. 
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motor protein: a class of proteins in cells which convert the 

chemical energy in ATP into movement. 

mountain goat (Oreamnos americanus): a large, even-toed un-

gulate native to North America. 

mouse (plural: mice): a small rodent of ~40 extant species. 

mouse lemur: a nocturnal lemur in the Microcebus genus; the 

smallest primate. 

multiplicity reactivation (cells): restoration from damage. 

mung: a gathering of female animals for males to pick a mate. 

Contrast lek. 

murein (aka peptidoglycan): a polymer of amino acids and sug-

ars that is used in the cell wall of a bacterium. 

murre (aka guillemot (UK), turr (Canada)): a large black-and-

white diving auk that spends most of its life over northern 

coastal seas, only venturing onto land for colonial breeding. 

There are 2 species in the murre genus (Uria): the common 

murre (U. aalge) and the thick-billed murre (U. lomvia). 

muscovite: a mineral high in aluminium and potassium. 

muscular hydrostat: a set of muscles that can move without 

skeletal support. Since muscles can only produce force via 

contraction, different muscle groups must work against each 

other: one group lengthens by relaxation while another pro-

duces force through contraction. 

mushroom: a fleshy, spore-bearing fungal fruiting body, typi-

cally produced aboveground. See toadstool. 

mustard (botany): any of several plants in the Brassicaceae 

(mustard/crucifer/cabbage) family. 

mustelid: a carnivorous mammal in the Mustelidae family, 

which includes badgers, minks, martens, otters, polecats, 

weasels, and wolverines. Owing to its diversity and lack of 

unified lineage, mustelid classification remains unsettled. 

mutation: a change in a DNA sequence. 

mutualism: regular interaction between 2 organisms that pro-

vides mutual benefits. 

MYA: millions of years ago. 

mycelium (plural: mycelia): a threadlike filament of a mesh-like 

mass of fungal filaments (hyphae). 
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mycoheterotrophy: a plant that is a mycorrhiza parasite. 

mycoheterotrophyte: a plant that practices mycoheterotrophy. 

mycology: the study of fungi. 

mycophagy: fungus eating (by a fungivore or mycophagist). 

Mycoplasma: a genus of tiny bacteria that have no cell wall. 

mycorrhiza (plural: mycorrhizae or mycorrhizas): a mycelial fun-

gus that has a symbiotic relationship with a vascular plant. 

myoglobin: an iron- and oxygen-binding protein in vertebrate 

muscle tissue, employed for oxygen transport. 

myosin: an ATP-dependent motor protein, best known for its 

role in muscle contraction, but involved in a wide range of 

eukaryotic motility actions. 

myrmecochory: a plant-ant mutualism. Some plants bribe ants 

to disperse their seeds by coating them with an elaiosome. 

Myrmecolacidae: a family of insects in the Strepsiptera order, 

with 4 genera and ~98 species. 

myrmecology: the study of ants. 

Myrmica: a genus of 200+ species of ant, endemic to temperate 

and mountainous regions of Southeast Asia. 

myxamoeba (plural: myxamoebae or myxamoebas): a single 

amoeboid that forms a plasmodium (slime mold colony) when 

it finds friends. 

myxobacteria (aka slime bacteria): a group of soil bacteria. 

Myxozoa: a group of microscopic aquatic parasites. Once consid-

ered protozoan, myxozoans are instead cnidarians that 

shrank and dumped much their genome to make their liveli-

hoods from infestation. 

N 

naked mole rat: see sand puppy. 

Namibia: a country on the western coast of southern Africa, the 

driest in sub-Saharan Africa. 

nanometer (nm): 1-billionth of a meter. 

Napoléon complex (aka short man syndrome): a pejorative refer-

ring to short men overcompensating for their lack of physical 
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stature by overbearing behavior. Named after the chronic ag-

gressiveness displayed by Napoléon Bonaparte, a man of 

oversized ambition, but not actually short stature. Napoléon 

was average height for his time (1.57 m). 

Nasa poissoniana: an angiosperm endemic to the Peruvian An-

des with a star-shaped flower, in the Loasoideae subfamily, 

known for their polychrome blooms and painfully stinging 

hairs on their stems. 

nastic movement: plant movement that does not depend on the 

direction of the stimulus. Contrast tropism. 

Nasutitermitinae (termite): a subfamily of termites found 

through much of the world. Nasutitermitinae soldiers have a 

pointed snout – nasus – on their forehead, from which they 

squirt an aerosol to deter or repel an attack (chemical war-

fare). They have accurate aim despite being blind. 

native (biology): naturally occurring and associated with a cer-

tain environment or biome. Compare indigenous, endemic. 

natural gas: a methane-rich gas formed either by methanogens 

or thermogenically from buried organic matter compressed 

and heated over millions of years. Compare coal, petroleum. 

natural selection: a meaningless term acclaiming Darwinism, 

popular among religious evolutionary biologists who should 

know better. See Darwinism. 

natural transformation (genetics, molecular biology) (aka trans-

formation): a cell altering its genetic makeup through uptake 

and incorporation of exogenous DNA. 

Nature: the exhibition of existence. 

nautiloid: a diverse group of marine cephalopods with hard 

outer shells for protection, such as the nautilus. Nautiloids 

arose during the Late Cambrian. Compare coleoid. 

nautilus: a pelagic marine nautiloid that emerged during the 

Late Cambrian, with 6 extant species in 2 genera. 

Nazca Plate: an oceanic tectonic plate in the eastern Pacific 

Ocean basin off the west coast of South America. 

Neanderthal (aka Neandertal) (450 – 45 TYA): an extinct species 

in the Homo genus, closely related to modern humans. 

Near East: a geographical area of southwest Asia and northeast 

Africa. The term has generally been applied as being the area 
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of the Ottoman Empire at its apogee in the mid-1500s. Since 

the mid-1900s, the terms Near East and Middle East have 

been approximated as synonymous. 

near passerine: an arboreal bird, related to (true) passerines. 

Near passerines include cuckoos, swifts, hummingbirds, 

woodpeckers, toucans, hornbills, kingfishers, nightjars, 

mousebirds, trogons, and quetzals. A comprehensive listing 

is somewhat controversial, as some birds, such as pigeons 

and parrots, were traditionally considered near passerines, 

but their inclusion is no longer generally accepted.  

Nearctic: related to organisms indigenous to North America be-

fore the Great American Interchange. Contrast Neotropic. 

necrosis: premature cell death in living tissue via autolysis. 

Compare apoptosis. 

necroptosis: programmed inflammatory cell death (a form of ne-

crosis). 

necrotroph: an infectious organism that kills living host cells, 

and then feeds on the remains. Contrast biotroph. 

nectar: a sugar-rich solution produced by plants as a bribe for 

pollinators. 

nectarivore: an animal that eats primarily or exclusively nectar. 

Most nectarivores are insects or birds but there are also nec-

tarivorous geckos, bats, and the tiny honey possum. 

Neesia: a fruit-bearing tree genus, endemic to Southeast Asia. 

Neisseria: a large genus of spherical commensal bacteria that 

colonize the mucous membranes of many animals. 

nematocyst: a barbed chemical stinger within a nematocyte. 

nematocyte: a cell housing a nematocyst. Cnidarians have nem-

atocytes. 

nematode (aka roundworm): a worm in one of the most diverse 

phyla, with an estimated 100,000 species. Over 28,000 spe-

cies are known, of which over 16,000 are parasitic. Unlike 

earlier-evolved cnidarians and flatworms, nematodes have 

tubular digestive systems, with openings at both ends. 

neocortex: the mammalian portion of the brain associated with 

higher cognitive functions. 



 Glossary  981 
 

Neogene (23 – 0.05 MYA): the 2nd geological period of the Ceno-

zoic era, during which mammals and birds evolved into their 

modern forms. Late in the period hominoids arose. 

neonate: a human infant within 28 days of birth. 

Neoproterozoic (1 BYA–542 MYA); the 3rd and last era of the Pro-

terozoic eon. 

neoteny: retention by adults of traits previously seen only in the 

young (in the perspective of evolutionary descent). 

Neotropic: related to organisms indigenous to South America be-

fore the Great American Interchange. Contrast Nearctic. 

Neotropics: tropical Central and South America. 

Nepenthes hemsleyana: a giant tropical pitcher plant endemic to 

the peat swamp and heath forests of Borneo. 

nepotism: favoritism granted to relatives. Nepotism is ubiqui-

tous in all social life forms. See kin selection. 

nerve (cell): see neuron. 

nervous system: the communication and motor control system in 

an animal, comprising a network of neurons. 

neurohypophysial hormone: a family of peptide hormones syn-

thesized in the hypothalamus. Oxytocin and vasopressin are 

neurohypophysial hormones. 

neuron (aka nerve cell): an electrically excitable intercellular 

signaling cell as part of the nervous system, employed for 

sensory or motor communication. Functionally, neurons are 

managed by glia. 

neuropeptide: small protein-like molecules (peptides) employed 

by neurons to communicate with each other. 

neuroticism: chronic emotional disturbance. 

neutrophil: the most abundant (40–75%) type of white blood cell 

in mammals. A phagocyte, neutrophils are an essential part 

of the innate immune system. 

New Caledonian crow (Corvus moneduloides): an all-black, me-

dium-sized corvid native to New Caledonia. 

New World: the Western Hemisphere, specifically the Americas 

and nearby islands; sometimes Oceania is included. The term 

originated in the early 16th century by European explorers 

expanding their worldly horizons. Contrast Old World. 



982 Spokes 2: The Web of Life  

New Zealand cockle (Austrovenus stutchburyi): a marine clam 

resident in the harbors and estuaries of New Zealand.  

newt: an aquatic salamander. 

nicotine (C10H14N2): a potent alkaloid made in the roots of night-

shade plants, notably tobacco, and accumulated in the leaves 

to prevent herbivore consumption. Nicotine is unusual in its 

nervous system effects, in changing from stimulant to seda-

tive via increasing dosage and tolerance. 

night monkey (aka owl monkey, owing to its unusually large 

eyes): a monogamous New World monkey; the only nocturnal 

monkey. 

nightingale (Luscinia megarhynchos): a small migratory 

insectivorous passerine bird which breeds in the forests and 

scrub of Europe and southwest Asia, and winters in west 

Africa. 

nightshade (aka bittersweet (UK)): a flowering plant in the 

Solanum genus of ~2,300 species in the nightshade 

(Solanaceae) family. The grouping originated with these 

plants producing toxic alkaloids, but several nightshades, 

including potatoes, tomatoes, eggplant, bell and chili 

peppers, and tobacco, are consumed by humans. 

nitrate (NO3–): a salt or ester of nitric acid. Nitrate is a polya-

tomic ion. 

nitric oxide (NO) (aka nitrogen oxide): a free-radical molecule. 

In mammals, NO is an important cellular signaling molecule. 

nitrification: the process of nitrogen compound oxidation. 

Contrast denitrification. 

nitrite (NO2–): a symmetric anion. Nitrite may be oxidized or 

reduced. 

nitrogen (N): the element with atomic number 7; a colorless, 

tasteless, odorless element that, as a diatomic gas (N2), is rel-

atively inert. 

nitrogen fixation: fixing atmospheric nitrogen gas into a biolog-

ically employable form; the process by which diatomic nitro-

gen gas is converted to ammonium ions which can be 

employed by plants. Only certain microbes have mastered 

the trick of fixing nitrogen. 
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nitrogenase: an enzyme that reduces nitrogen (N2) to ammonia 

(NH3). Nitrogenases are produced by certain bacteria, includ-

ing cyanobacteria. 

nitrous acid (HNO2): a weak monobasic acid. 

nocturnal: during the night. Contrast diurnal. 

nodulation: the process of a legume creating a nodule for symbi-

otic bacteria to live in. 

nonanal (C9H18O; aka nonanaldehyde, pelargonaldehyde): a col-

orless, natural oil; an alkyl aldehyde. 

norepinephrine (C8H11NO3): a versatile organic compound with 

various roles depending upon species. 

NP-hardness (non-deterministic polynomial-time hardness): the 

computational difficulty of a mathematical problem. 

nucleation: the process of airborne water molecules coalescing 

around a seed particle to form a drop of precipitation. 

nucleic acid: an acidic biomolecule comprising a nucleotide, dis-

covered by Friedrich Miescher in 1869. DNA and RNA are 

nucleic acids. 

nucleotide: an individual structural unit of nucleic acid. 

nulliparous: a female that has not borne offspring. 

Nuna (aka Columbia): a supercontinent created 1.9 BYA. Nuna 

began breaking up 1.5 BYA. 

nursery-web spider (Pisaura mirabilis): a spider with the prac-

tice of male nuptial gift giving. 

nutcracker: a Eurasian corvid fond of seeds and nuts, in the ge-

nus Nucifraga, of 3 species. 

nyctinastic: a plant with leaves or leaflets that assume a vertical 

orientation in the dark. Nyctinastic movement is responsive 

to the diurnal (daily night and day) cycle. 

nymph: an immature hemimetabolous insect. Nymphs roughly 

resemble adults, albeit with distinctive body proportions, 

size, and color patterns. Compare larva. 

O 

oak: a flowering tree or shrub native to the northern hemisphere 

in the Quercus genus, with ~600 species. The term oak is also 

used in related genera. 
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obligate: obligatory. 

obligate parasitism: an organism that depends upon its host to 

complete its life cycle and reproduce. Contrast facultative 

parasitism, hemiparasitism. 

Occam's razor: a principle of parsimony in logic, courtesy of Wil-

liam of Ockham. Occam's razor is the axiom that the simplest 

explanation is preferable. Regarding biology, however com-

plex genetic expressions may be, the evolutionary driver be-

hind them is typically a coherent rule that is life-affirming. 

ocean: a large, deep body of saltwater. 

ocean conveyor belt: the continuous global system of intercon-

nected ocean currents. This marine conveyor belt system af-

fects climate worldwide. 

Oceania: a region centered on the islands in the tropical Pacific 

Ocean, including Australasia. 

octopamine (C8H11NO2): a biogenic compound with various ef-

fects in different species. 

octopus (plural: octopuses, octopi, or octopodes): a cephalopod 

with a soft body and 8 limbs, of over 300 species. 

oegopsid: a squid in the order Oegopsida, characterized by heads 

without tentacle pockets, eyes without a corneal cover, arms 

and tentacle clubs with hooks, buccal supports without suck-

ers, and paired oviducts in females. 

Old World: Africa, Europe, and Asia; the part of the world 

known to Europeans prior to their sojourns to the Americas. 

Contrast New World. 

olfaction (aka oflactics): the act or sense of smell. 

Oligocene (34–23 MYA): the 3rd and last geologic epoch in the 

Paleogene period. 

oligophagy: eating only a few specific foods. Compare monoph-

agy, polyphagy. 

oligosaccharide: a saccharide (sugar) polymer, typically with 2 

to 10 component simple sugars (monosaccharides). 

olive baboon (aka Anubis baboon, Papio anubis): the baboon 

with the most extensive range: throughout north-central Af-

rica. The olive baboon inhabits savannas, steppes, and for-

ests. Its name derives from the color of its fur. 
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olivine ((Mg+2, Fe+2)2SiO4; aka peridot, chrysolite): a magnesium 

iron silicate mineral, common in Earth's asthenosphere, but 

which weathers quickly on the surface. 

ommatidium (plural: ommatidia): an individual photoreceptor 

unit in a compound eye. 

omnivore: an organism that consumes a variety of plant and an-

imal matter as food. Compare herbivore, carnivore, and 

saprovore. 

oncogenesis: the creation of a tumor (cancer). 

oncovirus: a virus that causes cancer in its host; often restricted 

to mammals. 

ontogeny: the course of development in an organism. 

oomycete: an algae-like fungus in the Oomycota phylum. Many 

are plant pathogens. 

Ophiocordyceps unilateralis: a fungus that infects ants. 

ophiophagy: snake eating. 

opisthokont: a broad grouping of eukaryotes that includes fungi 

and animals. 

opium: the dried latex from the opium poppy. Opium is 12% 

morphine, which has been processed since antiquity to pro-

duce various medicines and chemical recreations. 

opium poppy (aka breadseed poppy, Papaver somniferum): a 

flowering plant in the Papaeraceae family, with an original 

native range in the eastern Mediterranean. This poppy is 

grown agriculturally for its edible seeds and pharmaceutical 

alkaloid metabolites, most notably opium. 

opossum (colloquially possum): a marsupial indigenous in the 

western hemisphere. Opossums are biological generalists, 

and so successful colonizers. There are 103+ opossum species 

in 19 genera. 

opsin: a light-sensitive protein; an organic photoreceptor that 

mediates the conversion of a photon into an electrochemical 

signal as a 1st step in a transduction cascade that results in 

a visual image. A distinct opsin is employed by mammals for 

the pupil reflex and non-image light detection as a basis for 

biorhythm. 
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orangutan: a red-haired ape of 3 extant species, native to the 

rainforests of Indonesia and Malaysia. The orangutan is the 

largest arboreal ape. 

orb-weaving spider (Cyclosa ginnagamay): an orb web weaving 

spider that employs camouflage in its web that mimics bird 

droppings. 

orca (Orcinus orca): the largest oceanic dolphin; wrongly, com-

monly called a "killer whale." 

orchid: a flowering plant in a diverse family with 21,950–26,049 

species in 880 genera. 

order (biological classification): the taxon above family and be-

low class. Augustus Rivinus first used order in the 1690s in 

his classification of plants. Carl Linnaeus incorporated order 

into his taxonomic schema in 1735. There is no consensus on 

the taxonomical meaning of order. 

ordinal (number): a number indicating rank order (1st, 2nd, et 

cetera). Compare cardinal number. 

Ordovician (485–443 MYA): the 2nd of 6 periods in the Palaeozoic 

era, following the Cambrian period and preceding the Silu-

rian. The name derives from the Celtic tribe of the Ordovices 

in Wales, from where rocks of the period were first taken for 

study. 

organelle: a subunit within a eukaryotic cell that has a special-

ized function. Organelles are membrane-bound. Cell orga-

nelles evolved through endosymbiotic union with an 

archaeon host cell and a bacterial endosymbiont. 

organic: related to living organisms. From a chemistry view-

point, a complex molecular structure based upon a carbon 

backbone. 

Organic Lake: a shallow, salty, sulfuric body of water in East 

Antarctica. 

organism: a life form; an animated organic structure. 

Oriental fruit moth: a large moth of the Tortricidae family, na-

tive to China. 

ornithology: the study of birds. 

orogen: a mountain belt formed from compressive deformation 

of a tectonic plate. Orogeny refers to the process of forming 

orogens: mountain making. 
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orthomyxovirus: a family of RNA viruses comprising 7 genera. 4 

genera cause influenza in vertebrates. 1 is an arbovirus, in-

fecting both vertebrates and invertebrates. 

oryx: a large antelope of 4 species, endemic to arid Africa and 

the Arabian Peninsula. 

oryx osmobiosis: a cryptobiotic response to extreme solute (typi-

cally high-salinity water). 

osmobiosis: a cryptobiotic response to extreme solute (typically 

high-salinity water). 

osmophile: an organism capable of growing in a sugary habitat. 

osmosis: the net movement of solvent molecules through a par-

tially permeable membrane into a region with higher solute 

concentration, to effect an equalized solute concentration on 

both sides of the membrane. Osmosis relies upon kinetic en-

ergy. 

osmotic pressure: the pressure needed to prevent inward water 

flow across a semipermeable membrane. 

osprey (aka sea hawk, fish eagle, fish hawk, Pandion haliaetus): 

a piscivorous bird of prey with keen vision. 

ostracod (aka seed shrimp): a small crustacean of 70,000 species 

throughout natural history (30,000 extant). 

ostrich: a large, long-necked, flightless bird native to Africa, in 

the family Struthionidae, with 2 extant species. 

otariid (aka eared seal, otary): a semiaquatic seal. Sea lions and 

fur seals are otariids. True seals (phocids) are earless, and 

more streamlined than otariids. 

outcrossing: introduction of unrelated genes into a breeding line. 

Outcrossing increases genetic diversity. 

ovary (botany): the enlarged lower part of the pistil on flowers, 

enclosing ovules, which develop into seeds once fertilized. 

Such floral ovaries mature into fruit. 

overstory: the layer of foliage in a forest canopy. Compare un-

derstory. 

ovicide: an egg killer. 

oviduct (aka Fallopian tube): the passageway from the ovaries 

to the outside of the body in a vertebrate. 

oviparity: egg-laying. Contrast viviparity. See ovoviviparity. 
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ovipore: a pore-like sex organ of a female animal, typically an 

insect, in which spermatophores are inseminated. 

ovoviviparity: a reproduction mode in animals in which embryos 

develop inside eggs that are retained within the mother's 

body until they are ready to hatch. 

ovule: the plant part that contains the female germ cell which 

develops into a seed. 

owl: a bird among 200 species of mostly solitary and nocturnal 

birds of prey; typified by an upright stance, a large, broad 

head, sharp vision and hearing, and feathers that provide si-

lent flight. Owls are found in all biomes except the coldest 

(Antarctica, most of Greenland). 

oxidation: an increase in oxidation state by loss of electrons. 

Contrast reduction. 

oxidation state (aka oxidation number): a characterization of the 

charge potential of an atom within a chemical species. An 

electrically neutral compound necessarily has net oxidation 

state of zero. The more electronegative or electropositive at-

oms in a compound are considered 1st in calculating the oxi-

dation state of molecular atoms. 

oxygen (O): the element with atomic number 8; a highly reactive 

nonmetallic element that readily forms compounds (notably 

oxides) with almost all other elements. 

oxygen minimum zone (OMZ): the layer of water in the ocean 

with the least oxygen. OMZ is at a depth of 200 to 1,000 me-

ters, depending upon location and local circumstances. Oxy-

gen minimum zones are significant in regulating the 

productivity and ecology of the ocean. For example, some bac-

teria species in the OMZ consume nitrate rather than oxy-

gen, concentrating this nutrient. Huge bacterial mats in the 

OMZ off the west coast of South America engender fish pop-

ulations. 

oystercatcher: a coastal wader bird of ~11 species. 

ozone (O3; aka trioxygen): a triatomic molecule comprising 3 ox-

ygen atoms. O3 is less stable than O2 (dioxygen). Ozone is 

formed by ultraviolet radiation of dioxygen. 
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P 

Pacific pygmy octopus (Octopus digueti): a small octopus native 

to the coasts of California and Baja California. 

Pacific Ring of Fire: a seismic belt of geological hot spots that 

runs from north of New Zealand up through Indonesia, 

Japan, and the Aleutian Islands, then down the west coast of 

the Americas, ending in Southern Chile. 

Pacific yew (tree) (Taxus brevifolia): a conifer native to the Pa-

cific Northwest of North America. 

Paenibacillus vortex: a pattern-forming, social, soil bacteria spe-

cies. 

pain: a sensation of severe discomfort; a discomfort that pro-

vokes reaction. 

Palearctic: the largest terrestrial ecozone in the world, including 

northern Africa and the northern portion of the Arabian Pen-

insula, all of Europe, and Asia north of the Himalaya foot-

hills. 

paleoanthropology: the study of hominins from physical evi-

dence. Paleoanthropology combines paleontology and anthro-

pology. 

paleoatmosphere: the atmosphere before life arose. 

paleodicot: the most basal angiosperms, now comprising only a 

few hundred species. 

Paleogene (66–23 MYA): the 1st of 3 periods in the Cenozoic era. 

paleontology: the study of prehistoric life. 

palindrome: a word, phrase, or sentence that reads the same 

forward or backward. Exemplary palindrome words include 

civic, deified, kayak, level, madam, racecar, radar, redder, re-

fer, reviver, and rotor. 

palolo: a marine worm that lives in tropical coral reefs. 

palynivore: a specialized pollen eater. 

Panderichthys: a genus of extinct lobe-finned fish that arose in 

the late Devonian, from which tetrapods arose. 

pandoravirus: a virus with relatively large size and genome: 

typically, over 2,000 genes (over 2 million base pairs). Oddly, 

considering their size, pandoraviruses lack the gene for the 

capsid protein. 
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Pangea (aka Pangaea): the supercontinent that contained most 

of Earth's land mass 300–200 MYA. The global ocean of the 

time was Panthalassa. Pangea broke up into Laurasia to the 

north and the southern Gondwana. 

pangolin: a nocturnal mammal with large scales covering its 

skin. Pangolins spend most of the day sleeping, curled up in 

a ball. Pangolins live in tropical regions throughout Africa 

and Asia. Different pangolin species in trees or on the 

ground. Pangolins are good swimmers. Pangolins lack teeth, 

and the ability to chew. They use their exceptionally long 

tongue to snag termites and ants from mounds or anthills 

torn open with their powerful font claws. Pangolins have 

glands that lubricate their tongues with sticky saliva; the 

better for their snatch-and-snack lifestyle. 

Pannotia (610–550 MYA): the largely southern supercontinent 

that broke into 4 major landmasses. 

Panthalassa: the global ocean that surrounded Pangea. 

pantheism: the belief that all reality is identical with divinity. 

paper wasp: a wasp in the genus Polistes that makes its nest out 

of thin, paper-like sheets. The North American paper wasp 

(P. metricus) does so alone. In contrast, the golden paper 

wasp (P. fuscatus) creates a communal nest with other fe-

males. 

paracrine signaling: intercellular communication over a short 

distance. Compare juxtacrine signaling and endocrine signal-

ing. 

paraheliotropism: plant leaf movement to minimize exposure to 

sunlight. 

parapatric speciation: speciation by preference, of populations 

in nearby habitats which are not physically separated. Com-

pare sympatric speciation and allopatric speciation. 

paraphyletic: a taxonomic group that does not include all de-

scendants of a common ancestor. 

parasite: an organism living in, on, or with another organism, 

obtaining benefits that usually reduces the fitness or health 

of its host. 

parasitoid: an organism that spends a large part of its life in a 

parasitic relationship with a host. Unlike a true parasite, a 
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parasitoid ultimately sterilizes or kills its host, and some-

times consumes it. 

parasociality: animals of the same generation living together co-

operatively in a single dwelling. 

Paratarsotomus macropalpis: a 0.5-mm mite endemic to south-

ern California. 

parenchyma (botany): the most common and versatile ground 

tissue in plants, composed of thin-walled cells able to divide. 

Paridae: a family of small passerines that includes chickadees, 

tits, and titmice; endemic to Africa and the northern hemi-

sphere. 

parrot: an uncommonly intelligent bird of 372 species in 86 gen-

era, found in many tropical and subtropical biomes. The 

greatest parrot diversity is in Australasia and South Amer-

ica. 

parthenogenesis: asexual reproduction where an unfertilized 

egg cell nonetheless develops into an embryo. Sperm or pol-

len may trigger embryonic development without making a 

genetic contribution. In animals, parthenogenesis means an 

embryo developing from an unfertilized egg. From the Greek 

for "virgin birth." Contrast heterogamy. See gynogenesis. 

parturition: expulsion of a newborn from the birth canal. Also 

called birth. 

parvovirus: a rugged, genomically-compact, single-strand DNA 

virus in the family Parvoviridae, of 13 genera with over 75 

species. Parvoviruses are categorized into 2 subfamilies: one 

which infects vertebrates (Parvovirinae), the other inverte-

brates (Densovirinae). 

passerine (bird): a bird in the Passeriformes order, comprising 

over half of all bird species (over 5,000 identified species in 

over 110 families). One of the most diverse terrestrial verte-

brate orders, around twice that of the large mammal order: 

rodents. Passerines include most perching birds, such as 

sparrows, wrens, finches, tits, and corvids. 

passive margin: a transition area between oceanic and continen-

tal crust, absent an active plate margin. Contrast active mar-

gin. 
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patas monkey (aka Wadi monkey, Hussar monkey): a ground-

dwelling monkey native to semiarid areas of equatorial Af-

rica. 

pathogen: an infectious agent, commonly called a germ; a micro-

organism that causes diseases in its host, including certain 

viruses, bacteria, fungi, and prions. 

pathology: the study of disease and its diagnosis. 

pathotype: one of numerous variations of pathogenic properties 

in a species of bacteria. See phage type, serotype. 

patrilocality: a social system where mates live in the male's na-

tal community. 

pavement ant (Tetramorium caespitum): an aggressive, caste-

based, eusocial ant 2.5–4 mm long, native to Europe but 

brought to America in the 18th century. Named for their in-

genuity in being able to make a home in inhospitable urban 

environments. Considered a household pest. 

peach-potato aphid (aka green peach aphid, Myzus persicae): a 

small green aphid that is a pest of peach trees, and acts as a 

transport vector for plant viruses that infect potatoes. 

peacock: a male peafowl, known for its iridescent blue and green 

plumage. 

peafowl: a female bird in 1 of 3 species in the Pavo or Afropavo 

genera. Male peafowls are commonly called peacocks. The In-

dian peafowl is native to the Indian subcontinent, the green 

peafowl of Southeast Asia, and the Congo peafowl endemic to 

the Congo Basin of central Africa. 

peat: an accumulation of partly decayed vegetation and other 

organic matter that becomes part of the soil. Areas rich in 

peat are called peatlands, bogs, mires, moors, or muskegs. 

pecten oculi: a comb-like structure of blood vessels in a bird's eye 

that provides nourishment, including oxygen, to the eye. Pec-

ten pigmentation helps protect the eye against damage from 

ultraviolet light. 

pectin: a polysaccharide in plant cell walls that allows growth. 

pedology: the study of soil. 

pedosphere: the outermost terrestrial layer of Earth, comprising 

soil. Compare geosphere. 
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pelagic (zone): a zone in a body of water that is neither near the 

shore nor close to the bottom (benthic). 

pelican: a large water bird in the Pelecanus genus, characterized 

by a long beak and large throat pouch for catching prey and 

draining water before swallowing. Pelicans frequent coastal 

and inland waters, feeding principally on fish. Pelicans are 

gregarious: traveling in flocks, hunting cooperatively, and 

breeding colonially. 

penguin: a flightless seabird of 17–20 species, living in the 

southern hemisphere, commonly Antarctica. 

penicillin: an antibiotic derived from Penicillium fungi. 

peptide: a short chain of amino acids: 2 to 50 or so. A longer chain 

is properly termed a protein. 

perceive, perception: mentally integrating sensory input (sensa-

tion) using memory. Perception is a 3-stage process: 1) turn 

a sensation into a symbolic representation, 2) identify sensed 

symbols using memory and categorization, then 3) derive the 

meaning of the identified symbols, especially regarding affin-

ity or avoidance. See conceptualization. 

perching bird: an arboreal passerine. 

perennate: persist; be perennial. 

perennial (botany): a plant that is present aboveground 

throughout the year, and which lives for more than 2 years. 

Woody plants, such as shrubs and trees, are perennials. Com-

pare annual, biennial. See herbaceous. 

periderm: the secondary covering on small woody stems and 

non-woody plants. 

period (geology): a duration in the geological time scale, roughly 

100 million years; shorter than an era, longer than an epoch. 

peripheral vision: vision in animals with 2 eyes that occurs out-

side focal gaze. See binocular vision. 

perissodactyl: an odd-toed, nonruminant, ungulate mammal in 

the Perissodactyla order. 

Permian (299–252 MYA): the 6th and last period of the Paleozoic 

era, following the Carboniferous period and preceding the 

Triassic. The name derives from the ancient Russian king-

dom of Permia. Earth at the time had a single superconti-

nent: Pangea, surrounded by the global ocean Panthalassa. 
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The extensive rainforests of the Carboniferous were gone, 

leaving vast regions of arid desert in the continental interior. 

Reptiles, better adapted to dryer conditions, rose to domi-

nance over their amphibian ancestors. 

personality: individual patterns of behavior in an organism that 

suggest a certain emotional orientation or worldview. 

perspective-taking: the process of perceiving an event from an-

other's point of view. 

pest: an organism deemed a nuisance. 

petal: a modified leaf that surrounds the reproductive parts of a 

flower. 

petiole (botany) (aka leafstalk): the stalk that attaches a leaf to 

a stem. 

petrel: a tube-nosed seabird. 

petroleum: a natural yellow-to-black liquid comprising algae, zo-

oplankton, and other organisms crushed, heated, and lique-

fied. Compare coal. 

pH: a measure of acidity which ultimately relates to the number 

of protons in a solution. 7 = neutral; < = acidic; ▫ = base (al-

kaline). 

phage type: one of numerous variations of susceptibility to vi-

ruses in a species of bacteria. See pathotype, serotype. 

phagocyte: an animal cell which protects it host body by ingest-

ing harmful foreign particles, select microbes, and dying or 

dead cells. 

phagocytosis: the process of eating by engulfing something solid 

and devouring it into an internal cavity (vacuole). 

phagotroph: a heterotrophic protist that eats via phagocytosis. 

Phanerozoic (542 MYA–now): the 4th geological eon, character-

ized by complex life inhabiting Earth (based upon an out-

dated assessment), beginning with the Cambrian period. 

Pheidole: an ant genus with over 1,000 species. Pheidole tend to 

be an ecologically dominant species. 

Pheidole pallidula: a Mediterranean and north African ant. 

phenol (C6H5OH; aka carbolic acid): a mildly acidic, volatile, ar-

omatic, organic compound, which is a white crystalline solid. 

A phenol comprises a phenyl group (–C6H5) bonded to a hy-

droxyl group (–OH). 
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phenomenal: known through perception. Contrast intuition. 

phenomenon (plural: phenomena): a perceptible event. 

phenotype: the composite visible traits of an organism: physical, 

physiological, and behavioral. 

phenotypic plasticity: the ability of an organism to alter its body 

to suit current conditions. 

pheromone: a secreted or excreted hormone employed as a com-

munication signal. 

phloem: tissue that distributes sugar-laden sap among a plant. 

Compare xylem. 

phoresy (aka phoresis): a commensalism where the symbiont is 

transported by the host. 

phorid fly (aka scuttle fly): a family of tiny humpbacked flies 

that resemble fruit flies. Many are specialist parasitoids of 

ants and stingless bees. 

Phormidium frigidum: a psychrophilic cyanobacterium native 

to Antarctica. 

phosphate (PO43-): a soil-bound mineral nutritionally needed by 

plants. 

phospholipid: a class of lipids that are a major component of all 

cell membranes, as they can form bilayers which afford reg-

ulated communication flow. 

phosphorus (P): the element with atomic number 15; as a min-

eral, always maximally oxidized. A component of RNA, DNA, 

ATP and other biocompounds, phosphorus is essential to life. 

photobiont: an autotrophic photosynthetic symbiont. 

photoperiodism: plant responses to changes in the length of days 

and nights. 

photophore: a light-producing organ. 

Photorhabdus luminescens: a bioluminescent bacterial symbi-

ont to entomopathogenic nematodes that helps its host by 

killing insects. 

photosynthesis: (an organism) converting sunlight into energy. 

phototroph: an organism that can turn light energy into meta-

bolic chemical energy. 

phototropism: a natural tendency for light to be an orienting 

stimulus. 
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phycodnavirus: a large double-stranded DNA virus that infects 

marine or freshwater eukaryotic algae. 

phycotoxin: an allelopathic compound produced by prokaryotic 

and eukaryotic algae. 

phyllotaxy (aka phyllotaxis): the arrangement of leaves on a 

plant stem. 

phylogenetics: the study of biological evolutionary history via ge-

netic analysis.  

phylum (biological classification) (plural: phyla): the taxon 

above class and below kingdom. Phylum typically refers to a 

uniquely identifiable body plan. Ernst Haeckel coined phy-

lum in 1866. See family. 

physiology: the physical structures and biomechanics of an or-

ganism. 

phytochemical: a plant-produced chemical compound. 

phytochrome: a photoreceptive protein sensitive to red light and 

temperature which plants employ.  

phytoestrogen: a plant compound similar to estrogen. 

phytohormone: a plant hormone. Phytohormones regulate plant 

growth. 

phytopathogen: a plant pathogen. 

Phytophthora infestans: the pathogenic fungus that causes po-

tato blight. 

phytoplankton (aka microalgae): photosynthesizing aquatic or-

ganisms, both marine and freshwater; from the Greek words 

for plant and drifter. Oceanic phytoplankton is the primary 

food source, directly or indirectly, of nearly all other marine 

life. 

phytoplasma: specialized parasitic plant bacteria. 

phytosteroid (aka plant steroid): a steroid naturally occurring in 

plants. 

phyotosynthate: a product of photosynthesis. 

Picrophilus oshimae: an acidophilic species of archaea. 

pied flycatcher (Ficedula hypoleuca): a small, migratory Euro-

pean passerine which practices polygyny. 
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pied wagtail (aka water wagtail, Motacilla alba yarrellii): a 

small, slender passerine with a long, constantly wagging tail; 

native to the British Isles. 

pigeon: a stout-bodied bird with a short, slender bill; in the clade 

Columbidae with doves. 

pike: a freshwater fish in the Esox genus, with 6 extant species. 

pillbug (aka roly polies, doodle bugs): an insect which can roll 

up into a ball; in the same family (Armadillidiidae) with 

woodlice. 

pilot whale: a dolphin in the genus Globicephala, with 2 species: 

short-finned (G. macrorhynchus) and long-finned (G. melas). 

pilus (aka fimbria; plural: pili, fimbriae): a hair-like appendage 

found on bacteria. Pili serve various purposes, from motility 

to conjugation (DNA transfer). 

pine: a softwood conifer native to the northern hemisphere, with 

~115 species in the Pinaceae genus. 

pineapple (Ananas comosus): a fruiting tropical bromeliad. 

pink (salmon): the smallest and most abundant species of Pacific 

salmon. These cold-water fish (5.6–14.6 °C, optimally 10.1 

°C; upper incipient lethal temperature = 26 °C) live 2 years. 

Pink salmon traditionally range from Arctic coastal waters 

to the Sacramento river in northern California. Pink salmon 

have been a mainstay of commercial harvesting. As such, 

they are critically imperiled from California through Wash-

ington, but, as of 2012, faring well enough in British Colum-

bia and Alaska. 

pinna: a leaflet, or projecting animal body part. 

pinnate: a biological arrangement of having similar parts on op-

posite sides of an axis, as with barbs on the rachis of a 

feather, and with compound leaves. 

pinniped: a diverse group of fin-footed marine mammals, includ-

ing seals, sea lions, and walruses. Pinnipeds are typically 

sleek-bodied and barrel-shaped: bodies admirably adapted 

for an aquatic lifestyle. 

pinnule: a bodily part or organ that resembles a fin. 

pioneer plants: the 1st wave of plants that occupy a new soil. 

pinyon jay (Gymnorhinus cyanocephalus): a western United 

States jay. The pinyon jay and Eurasian cousin nutcracker 
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are an example of convergent evolution in filling a similar 

habitat niche. 

pipefish: a subfamily of small fish that resembles a seahorse, 

which is in the same family. 

Piraha: an indigenous people of the Brazilian Amazon rainfor-

est. The Piraha call themselves Hi'aiti'ihi, which loosely 

translates as "the straight ones." The Piraha have no social 

hierarchy; there are no formal tribal leaders. Like many 

early societies, the Piraha are egalitarian and practice com-

mon ownership (sociality which Karl Marx called "primitive 

communism"). 

piscivore: an animal which primarily eats fish. 

pistil (aka carpel): the female part of a flower, acting as a pollen 

receptor. 

pit viper (Crotalinae): a subfamily of vipers, endemic to Asia and 

the Americas, with a visible heat-sensing organ (pit). 

pitcher plant: a carnivorous or saprophytic plant in the genus 

Nepenthes, endemic to the tropical or tropical-montane bi-

omes of the Malay Archipelago, Southeast Asia, and the east-

ern part of Madagascar. 

pith (botany): soft, spongy growth tissue in the center of a plant. 

Pith is replaced by xylem in grown stems and branches. 

pituitary gland (aka hypophysis): an endocrine gland at the base 

of the brain, off the bottom of the hypothalamus. The pitui-

tary gland is not a part of the brain. The human pituitary 

gland is the size of a pea, weighing 0.5 grams. 

placenta: an organ that connects a developing fetus to the uter-

ine wall of its mother, allowing nutrient uptake, waste elim-

ination, and gas exchange. 

plankton: a minute organism living in a water column (freshwa-

ter or salt) that is incapable of swimming against a current. 

The term plankton is both singular and plural (they're just 

too damn tiny to count). 

plant: a kingdom of eukaryotic autotrophs, including mosses, 

ferns, conifers, and flowering plants (angiosperms).  

plantain (Plantaginaceae): a diverse, cosmopolitan family of 

flowering plants, occurring mostly in temperate climates. 
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plasmid: a tiny globule of genetic information (DNA), useful to 

microbes for horizontal gene transfer. 

plasmodesma (plural: plasmodesmata): a microscopic channel 

traversing the cell walls of plant cells, and some algae cells, 

enabling communication and transport between cells. 

Plasmodium: a genus of parasitic protozoa. Infection of Plasmo-

dium falcipanum is known as malaria. Compare plasmo-

dium. 

plasmodium: an ameboid which congregates to form a slime 

mold. Compare Plasmodium. 

plastid: a double-membrane organelle in algae and plant cells. 

platypus (aka duck-billed platypus, Ornithorhynchus anatinus): 

a semiaquatic mammal endemic to eastern Australia. Platy-

pus are monotremes. The platypus is one of the few venom-

ous mammals. Males have a spur on their hind foot that 

delivers a painful incentive to bugger off. 

Platyrrhine (aka New World monkeys): a group of New World 

monkeys. Compare cercopithecid. 

play: entertaining recreational activity. 

Pleistocene (2.588 MYA–11,700 YA): the epoch that follows the 

Pliocene and precedes the Holocene; defined by Charles Lyell 

for the emergence of modern marine mollusks. The Pleisto-

cene ends with passing of the Younger Dryas cold spell. 

pleomorphism: (an organism) able to change shape or size in re-

sponse to environmental conditions. 

plover: a wading bird in widely distributed group of 40 species. 

plume (mantle): the rising of hot rock from the core-mantle 

boundary through the mantle to become a diapir (intrusion) 

in the Earth's crust. 

pluricellularity: the structure of multiple cells aggregating in an 

organized manner. Biofilms are pluricellular, as are bacterial 

filaments. Contrast multicellularity. 

pneumatophore: a specialized aerial root that enables a plant to 

breath air in habitats with waterlogged soil. The black man-

grove is differentiated from other mangrove species by its 

pneumatophores. 

pod (social): a social group; often used with marine mammals. 
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podophyllin: a derivative from the rhizome of the American Ma-

yapple, once commonly used against genital warts. Podophyl-

lin is toxic and has side effects on the skin where applied. 

poikilohydry: an organism lacking a mechanism to prevent des-

iccation, as it is tolerant of large fluctuations in hydration. 

Lichen and bryophytes are poikilohydric. 

point mutation (genetics): a mutation of a single nucleotide ex-

changed for another. 

Polar cell: an atmospheric circulation belt between latitude 60° 

and the pole. 

polar easterlies: the winds from the polar cell, twisting westward 

because of the Coriolis effect. 

polar front: the boundary between the polar cell and the Ferrel 

cell in each hemisphere. 

polar jet: the jet stream nearest either pole. 

polarization (optics): a state of light in which the radiation ex-

hibits distinct properties in different directions. 

polistine: a eusocial wasp in the Polistinae subfamily, which has 

~1,100 species in 4 tribes. Polistines are commonly known as 

paper wasps, though other wasps, such as the yellow jacket, 

make their nests from paper. These wasps are mostly tropi-

cal or subtropical, yet some of the most frequently encoun-

tered wasps in temperate biomes are polistines. 

pollen (botany): a mass of male microspores (microgameto-

phytes) in a seed plant. 

pollination: the process of transferring pollen, enabling plant 

fertilization and reproduction. 

polyacetylene ((C2H2)n): an organic polymer with the repeating 

compound. Polyacetylene has high electrical conductivity. 

polyandry: a mating system of 1 female and 2 or more males. 

Contrast polygyny. 

polyatomic ion (aka molecular ion): an ion with 2 or more atoms 

covalently bonded which act as a single unit. Historically, a 

polyatomic icon was referred to as a radical. 

polychaetes (aka Polychaeta): a class of hardy marine worms. 
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polydnavirus: a double-stranded DNA virus with a symbiotic re-

lationship with parasitoid wasps. There are 2 genera of poly-

dnavirus, based upon infected wasp genus (ichneumonid, 

braconid), with at least 53 species. 

polygamy: a mating system of having multiple contemporaneous 

mates. Contrast monogamy. See polyandry and polygyny. 

polygyny: a mating system where 1 male mates with 2 or more 

females. Contrast polyandry. 

polymath; a person learned in several fields of study. 

polymer: a macromolecule (large molecule) comprising repeat-

ing monomers (molecular units). 

Polynucleobacter: a genus of freshwater bacteria, some of which 

are free-living, others as obligate endosymbionts of Euplotes 

ciliates. 

polyp: an organism with a fixed base, columnar body, and an 

open end with mouth and tentacles. 

polyphagy: the ability of an animal to eat a variety of food. Con-

trast monophagy. Compare oligophagy. 

polyphenol (C6H5OH): a polymer comprising phenol. 

polyphenol oxidase (aka PPO): an enzyme with various roles de-

pending upon species. In insects, PPO provides desiccation 

tolerance. 

polyphyletic (polyphyly): a classified group of organisms charac-

terized by 1 or more homoplasies: traits that appear to be the 

same, but not inherited from a common ancestor. Endother-

mic animals, which includes birds and mammals, are poly-

phyletic. The last common ancestor of birds and mammals 

was ectothermic. Endothermy evolved independently in the 

ancestors of birds and the ancestors of mammals. 

polyploidy: cells with more than 2 paired (homologous) sets of 

chromosomes. Polyploidy is common in ferns and flowering 

plants. Some animals, such as goldfish, salmon, and sala-

manders, possess polyploidy. In other animals, polyploidy 

may result from abnormal cell division. 

polysaccharide (aka glycan): a complex sugar-based macromole-

cule. Starch and glycogen are polysaccharides, as are cellu-

lose and chitin, which plants employ as structural materials. 

Compare monosaccharide. 
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popoto (aka Maui's dolphin): the smallest dolphin; rare. 

poppy: a flowering plant in the Papaveroideae subfamily of the 

Papaveracea family. One species is notably notorious: the 

opium poppy (Papaver somniferum). 

population (biology): conspecifics within a geographical area. 

porcupine: the 3rd-largest rodent (behind the capybara and bea-

ver), with a coat of sharp spines, indigenous to the Americas, 

southern Asia, and Africa. Mostly nocturnal, porcupines are 

herbivores. 

Portuguese man o' war (aka Man-of-war, bluebottle, floating ter-

ror, Physalia physalis): a marine siphonophore, with venom-

ous tentacles that deliver a nasty sting. This creature is a 

colony of specialized individuals (zooids), so physiologically 

integrated that they are incapable of independent survival. 

potassium (K): the element with atomic number 19; a silvery-

white alkali metal that rapidly oxidizes in air and is highly 

reactive in water. Potassium is chemically similar to sodium. 

potato: a tuber of the perennial nightshade Solanum tuberosum. 

The potato plant is native to the Andes mountains. It was 

domesticated by Peruvians 10,000 years ago and is now eaten 

worldwide. 

potato blight (Phytophthora infestans): an oomycete that blights 

potatoes. 

potato bug (aka Colorado potato beetle, Leptinotarsa decemline-

ata): a 1-cm beetle with a bright yellow/orange body, and 5 

bold, brown stripes that run the length of its elytra. 

potoroo: a rat-like Australian marsupial. The 3 still-extant spe-

cies of potoroo will soon be extinct, thanks to habitat loss, 

introduced species (especially foxes), and their being consid-

ered a pest to crops. 

potto: a quiet, slow-moving central African strepsirrhine that in-

habits the canopy of rain forests.  

pouteria: a flowering tree in the Pouteria genus, widespread 

throughout the tropics. Pouteria maxima is a keystone spe-

cies in the rainforests of Guyana. 

poxvirus: a virus in the Poxviridae family which infects arthro-

pods and vertebrates, including humans. The best-known 

poxvirus is smallpox. 
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prairie vole (Microtus ochrogaster): a small vole native to central 

North America. 

prayer plant (Maranta leuconeura): a perennial, native to Bra-

zilian tropical forests, so called for its habit of laying its 

leaves out flat during the day and folding them erect at night. 

precipitate (verb): to separate from solution or suspension. 

precipitation: rain, sleet, ice, snow, and fog. More generally, also 

defined as the quality of being precipitate, or hasty. 

precocene: a compound produced by plants that inhibits juvenile 

hormone biosynthesis in insects. 

precocial: animals with relatively mature and mobile young 

from the moment of birth or hatching. Many, though not all, 

arthropods, fish, amphibians, and reptiles are precocial. Con-

trast altricial. 

predator: an organism that consumes other animals as a pri-

mary food source. A top predator is a predator that is not 

preyed upon by another organism (pathogens aside). Com-

pare herbivore, omnivore, and saprovore. 

primal emotion: an emotion common to most animals. Compare 

secondary emotion. 

primary cilium: a non-motile animal cell that acts as a trans-

ceiver to detect local information external to a cell and act as 

a cell status transmitter. 

primary growth: plant cell division at the tips of roots and stems, 

causing elongation. Compare secondary growth. 

primary metabolite: a compound produced by a plant that is es-

sential to its survival. Compare secondary metabolite. 

primate: a mammal order containing prosimians (neither mon-

key nor ape) and simians (monkeys and apes). 

primatology: the study of primates. 

primeval forest (aka virgin forest, old-growth forest): a forest 

having obtained great age without major ecological disturb-

ance. Contrast secondary forest. 

primitive (evolutionary biology): evolved early compared to later 

organisms in a clade. 

prion: a misfolded protein that pathogenically propagates. 

proboscis: an elongated appendage from the head of an animal. 

In invertebrates, the proboscis usually refers to the tubular 
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mouth parts used for feeding. In vertebrates, the term is de-

scriptive of a snout (e.g., shrews, tapirs, elephants). 

proboscis monkey (aka long-nosed monkey): a reddish-brown 

arproboscis monkey (aka long-nosed monkey): a reddish-

brown arboreal monkey with an outsized nose, endemic to 

the mangrove swamps of Borneo. 

procambium: the primary meristem that develops into a plant's 

vascular system. The procambium is inside the protoderm. 

Prochlorococcus: a genus of tiny marine cyanobacteria. 

producer (biology) (aka autotroph): an organism capable of sus-

taining itself by inorganic means. Plants are producers. Con-

trast consumer. 

progressive provisioning: partially digesting food and passing it 

to another organism, typically offspring. 

prokaryote: an organism that lacks a cell nucleus or other mem-

brane-bound organelles. Archaea and bacteria are prokary-

otes. While prokaryotes are single-celled, most can form 

stable, aggregate communities, such as a biofilm. Compare 

eukaryote. 

prolactin (aka lactotrope): a hormonal protein with various func-

tions among different species. 

prophage: a bacteriophage genome inserted and integrated into 

a bacterium's genome. 

propolis: a resinous mixture that honeybees produce from resin 

collected from sap flows, tree buds and other sources. Propo-

lis is used to seal cracks, and so weatherproof a hive. Propolis 

is also used medicinally, to get help cure bacterial or fungal 

infections. 

proprioception: an organism's sense of physical self, including 

the relative position of various body parts and their employ-

ment, and as well the energy required for movement or other 

activity. 

prosimian: the suborder of primate which includes lemurs, 

bushbabies, and tarsiers, among others. See simian. 

protandry: a male that can change into a female. 

protease (aka peptidase, proteinase): an enzyme employed by all 

organisms to facilitate digestion, particularly breaking apart 

the peptide bonds that hold amino acids together. 
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protein: a single, long, linear polymer chain of amino acids that 

typically takes a folded structure; a complex organic macro-

molecule by which living bodies are intelligently built. See 

enzyme. 

proteome: (the idea of) the entire set of proteins expressed by a 

cell's or organism's genome. 

Proteobacteria: a phylum of bacteria. Some are pathogens. Oth-

ers are nonparasitic. Many nitrogen-fixing bacteria are Pro-

teobacteria. 

Proterozoic (2.5 BYA–542 MYA): the 3rd of 4 geological eons, char-

acterized by early life (based upon an outdated estimate, last-

ing up to the Cambrian period).  

prothallus: the gametophyte stage in the life of a fern or other 

pteridophyte (a vascular plant that does not produce seeds). 

protist: a catchall kingdom of eukaryotic organisms, including 

algae and amoeba. Most protists are unicellular, though 

many practice pluricellularity. 

protocell: a cellularly contained set of chemical reactions with 

evolutionary potential. 

protoderm: the primary meristem that develops into a plant's 

epidermis (outer layer of tissue). 

protogyny: a female that can change into a male. 

proton pump: a protein, integral to a cellular membrane, that 

can push protons across a cell or organelle membrane. Proton 

pumps create a proton gradient, causing a differential in pH 

and electrical charge, thus creating an electrochemical poten-

tial which works as an energy storage unit (like a battery). 

Energy from ATP comes via a proton pump. 

protozoan (plural: protozoa): a single-celled, typically micro-

scopic heterotroph. Protozoa live in aqueous environments 

and soil. They occupy a range of trophic levels. Protozoa are 

called animal-like protists because they subsist on other or-

ganisms. 

prymnesin (C93H137Cl2NO36): a phycotoxin produced by Prymne-

sium parvum. 

Prymnesium parvum: a species of golden algae that can both 

photosynthesize and carnivorously hunt via cooperatively- 

produced venom (prymnesin). 
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pseudocoelomate: an animal with a body cavity with loosely or-

ganized organs, as contrasted to coelomates, with quite orga-

nized organs (such as all vertebrates), or acoelomates, like 

flatworms, who have no body cavity at all. 

Pseudomonas: a diverse genus of plant-related bacteria with 191 

species. Some are plant symbionts, others pathogenic. 

Pseudomonas carboxydovorans (aka Oligotropha carboxi-

dovorans): a soil bacterium that consumes carbon monoxide. 

Pseudomonas putida: a beneficial rhizobacterium. 

Pseudomonas syringae: a pathogenic bacterium that can infect 

a wide variety of plants, causing characteristic brown spots. 

P. syringae is a common cause of surface frost damage in 

plants. P. syringae produces coronatine, which confuses a 

plant's defense system. 

Pseudomyrmex: a genus of wasp-like, stinging (venomous) ants. 

Certain species, including P. triplarinus and the P. viduus 

group, have a mutually protective mutualism with Triplaris 

trees: the ants fiercely protect the tree from all comers in re-

turn for lodgings within the tree and a wholesome diet. 

pseudopod (aka pseudopodium; plural: pseudopods or pseudopo-

dia): a temporary cytoplasm-filled projection from a unicellu-

lar protist or eukaryotic cell used for motility; from the Greek 

for "false foot." 

pseudoscorpion: an arachnid resembling a scorpion in having 

front pincers and a flat, pear-shaped body, but lacking the 

scorpion's tail stinger. Some pseudoscorpions have elaborate 

mating dances. 

psilocybin (C12H17N2O4P): an alkaloid produced by over 200 

mushroom species to deter fungivores. Psilocybin metabo-

lizes to psilocin. Ingested by humans, psilocybin is an agent 

of dissociation. In high doses, psilocybin is hallucinogenic. 

psychology: the study of the mind, leading to philosophy about 

the mind. There can be no science of the mind. An individual 

psychology is characterized by mental and behavioral habits. 

psychrophile: an extremophilic organism adapted to cold: –15 °C 

to 10 °C. 

ptarmigan (aka Rock Ptarmigan): a sedentary, herbivorous, me-

dium-sized bird in the grouse family. 
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pteridophyte: a vascular plant that reproduces and disperses via 

spores, producing neither flowers nor seeds. 

public good: something that is publicly shared. By contrast, a 

private good is possessed or consumed by an organism with 

limited or no sharing. 

puffball: a round fungus which contains and emits brown, dust-

like spores. 

puffbird: a small, carnivorous, tropical, near passerine native to 

Mexico and South America. 

pulvinus: a joint-like thickening of plant cells at the base of a 

leaf that facilitates growth-independent movement. 

puma (aka cougar, mountain lion, Puma concolor): a large, se-

cretive felid.  

pupa (plural: pupae or pupas): a development stage in an insect: 

typically quiescent, often enclosed in a cocoon or case, after 

the larval stage of development, before emerging as an adult. 

purgative: something that works as a cathartic or laxative. 

purple bacteria: a phototrophic bacteria group that includes 

Escherichia. 

purple loosestrife (Lythrum salicaria): a herbaceous perennial 

native to northwest Africa, Europe, Asia and southeastern 

Australia. 

purple pitcher plant (northern pitcher plant, turtle socks, side-

saddle flower, Sarracenia purpurea): a carnivorous plant en-

demic to the bogs and infertile sandy soils of North America. 

purposive behavior: action(s) taken expecting a specific outcome. 

Puschkinia: a genus of bulbous perennials with 2 species, native 

to the Middle East and Asia. 

pygmy pipe (aka sweet pinesap, Monotropsis odorata): a flower-

ing plant that employs camouflage to protect its flowers, dis-

guising them as woodland leaf litter. 

pyramidal saxifrage (Saxifraga cotyledon): a long-lived Euro-

pean alpine plant with thick, dense leaves, adapted to stress-

ful environments. 

python (family): a nonvenomous snake in the Pythonidae family, 

with 31 species in 8 genera, endemic to Africa, Asia, and Aus-

tralia. 
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python (genus): a nonvenomous snake of 11 extant species in the 

Python genus, endemic to Africa and Asia. 

Q 

quail: a mid-sized bird of several genera. 

quantum (physics) (plural: quanta): an infinitesimal chunk of 

ripple in a localized energy field that appears as a particle. 

quantum coherence: the efficiency (coherence) of seeming quan-

tum particles behaving in a wavelike manner. 

quorum-sensing: decision-making in a decentralized network. 

quartz: a crystal in a framework of silicon-oxygen (SiO4) tetra-

hedra, where each tetrahedron shares an oxygen atom, effec-

tively rendering SiO2. Quartz is abundant in Earth's 

continental crust. 

Queen Anne's lace (aka wild carrot, Daucus carota): a variable 

biennial plant native to temperate regions of Europe and 

southwest Asia. Wild carrot root is edible while young, but 

quickly becomes too woody. Described by Hippocrates as a 

contraceptive. 

quelea: a seed-eating African passerine in the weaver family. 

quinone: a class of aromatic organic compounds variously com-

prising carbon, oxygen, hydrogen, chlorine, and/or nitrogen. 

Numerous critters produce quinones. 

R 

racer snake (aka Galápagos racer, Pseudalsophis biserialis or 

Philodryas biserialis): a colubrid snake endemic to the Galá-

pagos Islands. 

rachis: an axial structure. 

racoon: a medium-sized mammal native to North America. The 

most distinctive traits of the racoon are its dexterous front 

paws and its facial mask, which featured in the mythologies 

of native American tribes. 

radiation (evolutionary biology): profuse adaptive speciation. 
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radical (chemistry): a reactive atom, molecule, or ion owing to 

an unpaired valence electron. See polyatomic. 

radiolysis: radioactive molecular decay. 

radioresistant: ionizing radiation resistant. 

Raffles' pitcher plant (Nepenthes rafflesiana): a tropical pitcher 

plant native to Borneo, Sumatra, peninsular Malaysia, and 

Singapore, with at least 3 distinct varieties; named after 

Stamford Raffles. 

raft spider (aka fishing spider, Dolomedes fimbriatus): a dark-

bodied spider with a conspicuous light stripe that walks on 

water. Raft spiders run down their prey on water. They can 

submerge altogether to hide from predators. 

rail: a small to medium-sized bird in the large cosmopolitan 

Rallidae family. Rails live on every continent except Antarc-

tica. Rails have short, rounded wings. Rail flight is not pow-

erful, but they can stay aloft for prolonged periods. For lack 

of power, rails are easily blown off course, and thereby are 

common vagrants. This has resulted in rails colonizing many 

oceanic islands. 

ramshorn snail: a freshwater snail in the Planorbidae family. 

The common name refers to the planispiral (coiled) shells 

that the snails have. 

raptor (aka bird of prey): a carnivorous bird. 

rat: a medium-sized, long-tailed rodent with superior cunning. 

ratel: see honey badger. 

rattlesnake: a venomous snake with a rattle at the end of its tail. 

Rattlesnakes kill by bite rather than constriction. 32 species 

are known. 

raven: a relatively large corvid endemic to the northern hemi-

sphere. The common raven is the largest perching bird. 

ray spider: a spider of ~30 species which constructs a cone-

shaped web. 

ray-finned fish (Actinopterygii): a class of bony fishes, compris-

ing nearly 99% of fish species, over 30,000 species; so-called 

because their fins are webs of skin between bony spines 

(rays), as contrasted to fleshy, lobed fins (lobe-finned fish). 

reactive oxygen species: chemically reactive molecules contain-

ing oxygen. 
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reactivity: the tendency to react from deep-seated emotion, es-

pecially fear. 

reception: perception of a communication signal. 

receptor (cytology): a cell signal receiver; a specific area on a cell, 

typically on its surface, with 1 or more proteins which are 

either receptive to stimulus, or which are identifying some-

thing contacting it; the term is also used as a misnomer by 

virologists for the cell binding site that viruses favor. 

recessive (trait): a genetic trait (allele) that is masked by a dom-

inant trait. 

recombination (genetics): mixing traits during meiosis that in-

troduces diversity in offspring.  

red colobus: a primarily arboreal Old World monkey native to 

western, central, and eastern Africa that lives in humid for-

ests. Red colobuses live in groups of up to 80 members, albeit 

averaging 20–40, with twice as many females as males in a 

group. Groups establish dominance hierarchies via aggres-

sive behavior. Red colobus monkeys are frequently hunted by 

chimps. 

red deer: the 4th largest deer species (behind the moose, wapiti, 

and sambar deer); resident in Europe, western and central 

Asia. 

red junglefowl (Gallus gallus): a tropical bird in the Phasianidae 

family, native to India, Southeast Asia, Indonesia, and 

nearby islands. 

red-eyed vireo (Vireo olivaceus): a small American songbird. 

redback spider (Latrodectus hasseltii): a nocturnal, venomous 

spider indigenous to Australia. 

redbelly snake (Storeria occipitomaculata): a nonvenomous 

snake endemic to eastern North America that may play dead 

when distressed. 

redd: the nests of a female fish. 

reduction (chemistry): a gain of electrons or a decrease in oxida-

tion state to an atom or molecule; typically, reaction with hy-

drogen. Contrast oxidation. 

reef: a rock or other structure underwater. 

regression (biosphere): sea-level lowering. Contrast transgres-

sion. 
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reindeer (aka caribou in North America): a deer of the Arctic and 

Subarctic, resident in tundra and taiga biomes. 

reishi: a medicinal mushroom in traditional Chinese medicine. 

reovirus: a virus of at least 87 species among 30 genera in the 

Reoviridae family, with a genome of double-stranded RNA 

and multi-layered capsids. 

reptile: a clade of ectothermic, tetrapod, amniote vertebrates 

that is neither bird nor mammal. 

reserpine (C33H40N2O9): an alkaloid derived from the root of the 

Indian snakeroot; a traditional Indian medicine for insanity, 

fever, and snakebite.  

respiration (cellular): the metabolic processes and reactions that 

convert nutrients into ATP, with waste products released. 

retinal (aka retinaldehyde, vitamin A aldehyde): one of many 

forms of vitamin A. Retinal binds to the protein opsin, which 

is the chemical basis of animal vision. 

retinoic acid: a metabolite of vitamin A that mediates the func-

tions of vitamin A required for growth and development. 

Chordate animals need retinoic acid. 

retrotransposon: (aka transposon via RNA intermediates): a ge-

netic element that can amplify itself in a genome. Retrotrans-

posons are considered a subclass of transposons. 

retrovirus: a family of enveloped viruses the replicate in a host 

cell via reverse transcription. 

return-on-investment (ROI): the concept of an investment in a 

resource yielding a benefit to its investor. 

reverse transcriptase: a DNA enzyme that transcribes single-

stranded RNA into single-stranded DNA. 

reverse transcription: the process of creating a single-stranded 

DNA from an RNA template via reverse transcriptase. 

rheid (geology): a solid deformed by viscous flow. A solid be-

comes a rheid by sustained observation (that is, experiencing 

its deformation). The term was coined by Warren Carey in 

1953. Contrast fluid. 

rhesus macaque (Macaca mulatta): a mid-sized Old World mon-

key, native to south, central, and Southeast Asia; inhabiting 
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a great variety of habitats, from grasslands to arid and for-

ested biomes. Rhesus macaques are avid swimmers, which is 

unusual for monkeys. 

rhizobacterium: a plant-beneficial soil bacterium. 

rhizobia: soil bacteria of several species that cooperatively pro-

vide nitrogen fixation services for legumes. Rhizobia cannot 

by themselves fix nitrogen.  

rhizoid: a specialized root-like tissue. 

rhizome: a creeping rootstalk (underground stem shoot(s)) of a 

cloning plant. 

rhizosphere: soil managed by plant roots via secretions. By con-

trast, bulk soil is outside the rhizosphere. 

rhododendron: a genus of over 1,000 species of woody plants in 

the heath family. Most rhododendrons have showy flowers.  

Rhodopseudomonas palustris: a common, waterborne, purple 

bacterium that can switch between different modes of metab-

olism. 

rhubarb (Rheum rhabarbarum): an herbaceous perennial grow-

ing from short, thick rhizomes. Whereas the large leaves are 

poisonous, the long fleshy stalks are edible. Rhubarb has 

been used medicinally by the Chinese for thousands of years. 

By contrast, eating the stalks as food was first documented 

in 17th century England. 

rhythm: the percussive propulsion of music. Compare melody. 

ribosome: the cellular factory for synthesizing proteins from 

peptide pieces. 

ribozyme: an RNA-based enzyme. 

rickettsia: a genus of obligate intracellular bacteria parasites. 

Rickettsia depend the cytoplasm of a eukaryotic host cell for 

growth and replication. Rickettsia are known to infect 

protists, leeches, arthropods, and humans. 

rift (geology): a chasm where crust and lithosphere are pulled 

apart. 

Rig Veda (~1500–1200 BCE): an Indo-Aryan collection of 1,028 

hymns and 10,600 verses in Sanskrit; 1 of the 4 canonical 

Vedas which form the basis of Hinduism. The other Vedas 

are: Athar, Sama, and Yajur. 
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Ring of Fire: a 1963 Johnny Cash song: "love is a burning thing, 

and it makes a fiery ring." Perhaps you intended the Pacific 

Ring of Fire. 

rinkhal (aka ringhal, ring-necked spitting cobra, Hemachatus 

haemachatus): a venomous, ovoviviparous, spitting snake of 

southern Africa. Not a true cobra, though it looks like one, 

but closely related. 

riparian: the bank of a natural watercourse, such as a stream, 

river, or lake. 

risk sensitivity: the capability of an organism to discriminate be-

tween stable and unstable environments. 

river: a natural watercourse, usually freshwater, that flows to a 

lake, sea, or ocean. 

RNA (ribonucleic acid (C5H10O5)): a macromolecule comprising 

a long chain of nucleotides. RNA & DNA differ by their sugar 

(ribose versus deoxyribose (a ribose lacking an oxygen 

atom)). RNA & DNA also differ by 1 nucleobase: whereas 

RNA uses uracil (U), DNA employs thymine (T). See DNA. 

RNA interference (RNAi): an epigenetic regulator of gene ex-

pression. RNAi limits gene expression. 

roadrunner (aka chaparral bird): a fast-running ground cuckoo 

with a long tail and crest, endemic to the deserts of the south-

western United States and Mexico, in the genus Geococcyx, 

with 15 species. 

robin: a common name for a passerine with a red or orange 

breast. The European robin (Erithacus rubecula) and Ameri-

can robin (Turdus migratorius), which are not closely related, 

are exemplary robins. The European robin is an Old World 

flycatcher. The American robin is a thrush. 

rock ant (Temnothorax albipennis): a small European ant that 

builds simple nests in rock crevices using tiny pebbles and 

grains of sand. 

rock-rose: a small family of flowering plants endemic to the tem-

perate areas of Europe and the Mediterranean basin, as well 

as North America, with a few species in South America.  

rockcress: a small flowering plant in the Arabidopsis genus, re-

lated to mustard and cabbage. There are 9 rockcress species. 
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rodent: an order of mammals characterized by constantly grow-

ing incisors that must be kept short by gnawing. ~40% of 

mammal species are rodents; 2,227 known species.  

Rodinia (1.1–0.8 BYA): the supercontinent containing all of 

Earth's landmass, centered at the equator. Rodinia began 

breaking up around 800 MYA, ending the abysmal chill of the 

Cryogenian period. 

roe (singular & plural): fish egg masses (clusters). 

room temperature: 17–25 °C; an average of 23 °C. 

rootless duckweed (aka spotless watermeal, Wolffia arrhiza): an 

aquatic plant; the smallest vascular plant in the world. 

rorqual whale: the largest group of baleen whales, with 9 spe-

cies, including the largest animal that has ever lived: the 

blue whale. Rorquals are slender and streamlined compared 

to their cousins, the right whales. Most roquals have narrow, 

elongated flippers. Rorquals have folds of skin that allow 

them to widely open their mouths for feeding, which they do 

by gulping in water, then pushing it out through their baleen 

plates with their tongue. Rorquals feed on crustaceans such 

as krill, but also on various small fish, including sardines and 

herring. 

rose: a woody perennial, well known for gorgeous flowers. 

rostrum: the snout or beak-like projection from the head of a 

dolphin or other vertebrate. The term rostrum is overloaded 

with similar meaning for invertebrate parts. The forward ex-

tension from the carapace (front section) of a crustacean is its 

rostrum. Mollusks have beak-like mouthparts which are re-

ferred to as a rostrum (or proboscis).  

rotifer: a tiny pseudocoelomate animal. 

rove beetle: a beetle in the largest family of beetles (Staphylini-

dae), which has a lineage back to the Triassic, 200+ MYA. 

royal jelly: bee milk fed to gyne larvae and adult queens, con-

taining royalactin. 

rumen (aka paunch): the 1st chamber of the alimentary canal of 

ruminant animals. The rumen is the primary site for micro-

bial fermentation of ingested food. 

ruminant: an herbivorous mammal with a rumen. 
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S 

saccharide: sugar (in any form). 

safranin (C20H19ClN4): a red dye, used in Gram staining. 

sage: a shrub in the Salvia genus of 1,000 species, in the mint 

family. 

sage rat (aka Belding's ground squirrel, pot gut, picket-pin, 

Urocitellus beldingi): a largely herbivorous ground squirrel 

endemic to the mountains of the western United States, at 

2,000–3,600 m elevation. 

sagebrush: a plant of several species of woody and herbaceous 

plants adapted to arid conditions. Many sagebrushes are in 

the Artemisia genus. 

Sahara Desert: the largest subtropical desert covering most of 

north Africa; the 3rd-largest desert in the world, after 

Antarctica and the Artic. Some Sahara sand dunes reach 180 

meters. 

Saint Anthony's fire (aka ergotism): ergot poisoning, commonly 

caused by ingesting rye or other cereals infested with ergot 

fungus. 

salamander: an amphibian typically characterized by a lizard-

like appearance, with a short nose, slender body, and long 

tail. Salamanders have been around for 164 million years. 

Salem witch trials (1692–1693): a series of persecutions of im-

poverished women as witches, in Salem Massachusetts, by 

God-fearing Christians. 

salicin (C13H18O7): a glycoside produced by willow trees. 

salicylic acid (C7H6O3): a plant hormone. 

salicylaldehyde (C7H6O2): a colorless, oily liquid with a bitter al-

mond odor which is a characteristic aromatic component of 

buckwheat. Several leaf beetle larvae in the subtribe 

Chrysomelina secrete salicylaldehyde to ward off predation. 

salmon: a common name for several species of fish; others in the 

family are called trout. Salmon live in the North Atlantic and 

Pacific Oceans. There are 5 known Pacific salmon species: 

chinook, chum, coho, pink, sockeye. Salmon are typically 

anadromous: born in fresh water, migrate to the ocean, then 

return to fresh water to spawn (reproduce). Some populations 
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of several species restrict themselves to fresh water through-

out their lives. 

Salmonella: a genus of rod-shaped bacteria with 2 species, one 

of which is found in endothermic animals (and the environ-

ment), the other in ectothermic animals. 

sand puppy (aka naked mole rat, desert mole rat): a eusocial bur-

rowing rodent native to East Africa. 

sap: fluid transported in xylem or phloem tissue. Xylem sap is 

largely water, with hormones, mineral elements, and other 

nutrients in solution. Phloem sap comprises primarily water, 

with sugars, hormones, and minerals dissolved therein. 

saponin: an amphipathic glycoside that is found in some plants 

and marine organisms. The name derives from the soapwort 

plant. 

saprovore (aka detrivore, decomposer, saprobe, saprotroph): an 

organism that consumes decaying organic matter. Compare 

herbivore, omnivore, and carnivore. 

sardine (aka pilchard): a small, oily fish related to herring. 

satellite virus: a subvirus (viral agent) that depends upon an-

other virus for infection of a host cell. 

saturated fat: a fat molecule with only single bonds between car-

bon atoms. Contrast unsaturated fat. 

saturation vapor pressure: see vapor pressure. 

saturniid moth: one of the largest and most spectacular of 

moths. 2,300 species are known. 

savanna (aka savannah): a grassland biome with trees suffi-

ciently spaced so that the canopy does not close, despite a tree 

density that may be greater than a forest. 

saw-scaled viper (Echis carinatus): an ill-tempered, toxic viper 

that hisses and rubs its scales together to loudly rasp when 

agitated. 

scale insect: a 1–5 mm insect in the Coccoidea family, of over 

8,000 species. Scales are plant parasites. Females practice 

neoteny: remaining in their immature form even when adult. 

scarlet gilia (aka scarlet standing-cypress, skyrocket, skunk-

flower, Ipomopsis aggregate): a hardy American western 

wildflower. 
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scarlet pimpernel (aka red chickweed, poorman's barometer, 

Anagallis arvensis): a low-growing annual plant native to 

north and west Africa and Europe. 

schizogeny (botany): the process of forming aerenchyma. 

schizophrenia: a mental disorder often characterized by short 

attention span, disorientation, and abnormal social behavior. 

school (of fish): fish of the same species that swim synchro-

nously. This is most efficient, as the schooling arrangements 

fish use minimize the drag from wakes created by swimming. 

Compare shoal. 

Scleroglossa: a clade of lizards that includes worm lizards, 

geckos, anguids, skinks, and snakes. See iguana. 

scorpion: an arachnid with a pair of grasping pedipalps (pincer 

claws), and a narrow, segmented tail sporting a venomous 

stinger. 

scrub jay: a jay native to central America, the western United 

States, and Florida. 

scute: an external bony plate or large-scale. 

sea: a large body of saltwater partly or wholly surrounded by 

land, not as deep as any ocean. 

sea anemone: a water-dwelling predatory animal in the Actini-

aria order. Sea anemone attach themselves to a surface with 

an adhesive foot. 

sea lion: a large aquatic pinniped, characterized by long foreflip-

pers, the ability to walk on all fours, short, thick fur, and ex-

ternal ear flaps. Adult males weight 300 kg; females 100 kg. 

sea otter: a marine mammal in the weasel family, endemic to the 

coasts of the northeastern Pacific Ocean. Sea otters have the 

densest fur of any animal. 

sea slug: a saltwater snail, lacking a shell, or only having an 

internal shell.  

sea star (aka starfish, despite not being a fish) a star-shaped 

echinoderm. Sea stars have been around for at least 450 mil-

lion years. 

sea turtle (aka marine turtle): a marine turtle of 7 species. The 

sea turtle species are: the flatback, green, hawksbill, Kemp's 

ridley, leatherback, loggerhead, and olive ridley. 
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sea urchin (aka sea hedgehog): a small, spiny, globular marine 

animal, closely related to the sand dollar. 

seagrass: a marine angiosperm that resembles grass, of ~60 spe-

cies. Seagrasses descended from terrestrial grasses 75–100 

million years ago. 

seagull: an assertive, inquisitive seabird, related to terns. Sea-

gulls are opportunistic omnivores, able to drink saltwater as 

well as fresh. 

seahorse: a marine fish of 54 species in the genus Hippocampus. 

seal: a semiaquatic marine pinniped. Seals are typically barrel 

shaped, with sleek bodies. 

searocket (aka Cakile): a flowering annual plant in the mustard 

family. Searockets commonly grow close to the coast.  

seaweed: a macroscopic, multicellular, benthic marine alga, ei-

ther green, red, or brown, of ~12,000 species. 

second messenger: see 2nd messenger. 

secondary emotion: an emotion that is the product of sustained 

mentation. Compare primal emotion. 

secondary forest: a forest which has regrown after a major eco-

logical disturbance, such as a fire. Contrast primeval forest. 

secondary growth: plant cell division in cambia or lateral meri-

stems, causing roots and stems to thicken. Compare primary 

growth. 

secondary metabolite: a specialty compound produced by a plant 

for ecological purposes. Compare primary metabolite. 

secretary bird (Sagittarius serpentarius): a large bird of prey, 

native to the savanna of sub-Saharan Africa. 

sediment (geology): a soil mixture containing small particles of 

rock. Sediment is classified by grain size and/or composition. 

sedimentary (rock): a rock formed by cumulative material de-

posit. Compare igneous and metamorphic. See basement. 

seed: an embryonic plant covered in a coat, usually with some 

stored food (endosperm) packed within. 

sego lily (Calochortus selwayensis): a bulbous perennial endemic 

to the Western United States. 

seismonastic (response): a rapid (1–2 second) plant response to 

tactile stimulation. 
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self-organized criticality: a property of dynamic systems where 

a critical threshold (tipping point) exists that, when passed, 

sets off a substantial reaction. 

sensate, sensation: receiving stimuli from sensory organs for col-

lation and interpretation via perception. 

sense (physiology): a means of sensation. 

sensillum (plural: sensilla): a simple epithelial sense organ com-

prised of few cells. Sensilla usually take the form of a plate, 

scale, spine, rod, cone, or peg. Arthropods and squamates 

have sensilla. 

sensory: pertaining to sense organ stimulation. 

sepal: a modified leaf that comprises the petals of a flower. Col-

lectively, the sepals are termed calyx, which is the outermost 

whorl of parts that forms a flower. Sepal forms vary consid-

erably among flowering plants. The number of sepals – mer-

osity – is indicative of a plant's classification. Eudicot flowers 

typically have 4 or 5 sepals. Monocots and paleodicots have 

3, or a multiple of 3, sepals. 

serotonin: a neurotransmitter with various roles, depending 

upon species. In humans, serotonin is associated with feel-

ings of well-being. Serotonin is found in fungi and plants as 

well as animals. 

serotype: one of numerous variations of immunities (antigenic 

makeup) in a species of bacteria or virus. See phage type, 

pathotype. 

Serengeti: a 30,000 km2 African ecosystem in equatorial East 

Africa, south and east of Lake Victoria. The Serengeti is 

known for a circular animal migration which follows the rain-

fall, and thus grazing grasslands, through the region. 

sessile: not free to move about. Plants are sessile. Contrast mo-

tile. 

seta (plural: setae): stiff bristles on an animal body, often used 

for motility. Earthworms rely upon setae to grip a surface 

while moving another part of their body. Setae on the legs of 

krill and other small crustaceans help scoop phytoplankton. 

sex: female or male specialization, excepting organisms which 

have more than 2 sexes. Also, colloquially used for the act of 

sexual reproduction, which combines genetic contributions 
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from a male for a female to produce offspring. Compare gen-

der. 

sexual dimorphism: an innate size difference between male and 

female animals. A wide variety of animal species, including 

arthropods, fish, reptiles, birds, and mammals, possess sex-

ual dimorphism. While males larger than females is typical, 

every animal group with sexual dimorphism has some spe-

cies with larger females. 

sexuality: the state of sexual activity. 

Shakers (aka The United Society of Believers in Christ’s Second 

Appearing): an American religious sect founded upon the 

teachings of Ann Lee. Founded in 1758, Shakers lived a con-

servative lifestyle, but were socially progressive. They prac-

ticed equality of the sexes long before it was generally 

recognized as equitable.  

At their height in the 19th century, Shakers lived in more 

than 20 settlements which had attracted at least 20,000 con-

verts. As strict believers in celibacy, Shakers acquired new 

members via conversion, indenturing children, and adopting 

orphans.  

The Shaker educational system was exceedingly ad-

vanced. It included literacy, oration, arithmetic, and man-

ners. Shaker educational quality was so esteemed that 

outsider parents would drop their children off at a village to 

be schooled, returning several years later to pick them up.  

Shaker life was too disciplined for most. Once a child was 

21 years old, s/he had the option to remain a Shaker. Less 

than 1/4th chose to do so. Turnover was high. At the end of 

2009, only 3 Shakers were left, residing in Sabbathlake 

Maine. 

shark: an extremely successful order of fish that evolved more 

than 420 MYA; success owing to a superb generalist design. 

sheep (Ovis aries): a stocky, even-toed ungulate ruminant, do-

mesticated since antiquity for its wool. Female sheep are 

called ewes, whereas male sheep are called rams. 

shield volcano: a type of volcano built by effusive eruptions that 

produce fluid lava flows of low-viscosity mafic lava. The term 

shield volcano derives from such a volcano producing a broad, 
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gently sloping base from a central dome, resembling a warri-

or's shield. 

shining black ant (Lasius fuliginosus): a small black ant, en-

demic to central Europe. 

shoal: fish that stay together for social reasons. Compare school. 

showtivity: the seeming objectivity of Nature via a shared expe-

riential platform provided by Ĉonsciousness and coherence 

as an ordering principle for the perception of Nature. 

shrew: a small mammal that resembles a mole. There are 

shrews on all the major tropical and temperate land masses 

except New Guinea, Australia, and New Zealand. 

shrew-rat (Paucidentomys vermidax): an earthworm-eating In-

donesian rodent. 

shrimp: a crustacean with an elongated body and primarily 

swimming mode of locomotion. 

Siamese fighting fish (Betta splendens): a freshwater fish native 

to the Mekong basin, favoring standing waters. 

siblicide: the practice of an animal killing its sibling(s). 

side-blotched lizard: a lizard of the genus Uta; one of the most 

common lizards in the deserts of western North America. 

siderophore: a high-affinity iron-chelating compound secreted 

by microorganisms, such as bacteria and fungi, but also by 

some plants, notably grasses. 

sieve element cell: a specialized elongated cell in phloem, 

interconnected with other such cells to form a sieve tube 

which transports nutrients. 

sifaka: a lemur in the Propithecus genus, named as an onomat-

opoeia of their characteristic "shi-fak" alarm call. 

signal: an output of communication. 

signal transduction: a 2-step cellular communication process. 

1st, an extracellular signaling molecule activates a receptor 

on a cell surface. 2nd, surface reception prompts creation of 

another molecule, termed a 2nd messenger, which carries the 

signal into the cell, typically either the nucleus or cytoplasm. 

silica: an oxide of silicon (SiO2). Silicate minerals make up 90% 

of the Earth's crust. 

silk: a natural protein fiber, composed mainly of fibroin. 
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silky flycatcher: a small family of passerines, with 4 species in 3 

genera native to Central America. 

silphium (aka silphion, laserwort): an extinct plant related to 

fennel. It was used medicinally in antiquity for a wide variety 

of ailments. The silphium trade was so important to the econ-

omy of the ancient north African city of Cyrene that most of 

its coins bore the image of the plant. Overharvesting led to 

the silphium's extinction. 

Silurian (444–417 MYA): the 3rd period of 6 in the Palaeozoic 

era, following the Ordovician and preceding the Devonian. 

The Silurian saw the evolution of jawed and bony fish, and 

life first appearing on land. The name derives from the Celtic 

tribe the Silures, in south Wales from where the first studied 

rocks of the period came.  

simian: the suborder of primate comprising the "higher pri-

mates": monkeys, apes, and humans. Simians tend to be 

larger than prosimians ("lower primates"). See prosimian. 

singing: vocally producing melodious sounds. 

siphonophore: a marine zooid. The Portuguese man o' war is a 

siphonophore. 

sirato (aka red pea, wild dolly): a vine endemic to the American 

tropics. 

skink: a lizard with small legs and lacking a pronounced neck in 

the Scincidae family. Several skink genera have no limbs at 

all. Skinks love digging and burrowing. They are typically in-

sectivorous. 

skua: a predatory seabird of 7 species in the Stercorarius genus 

which looks like a heavily built gull. Skua are long-distance 

migrants; the only bird that breeds in both the Arctic and in 

Antarctica, as well as in temperate regions. 

sleepy lizard (aka bobtail, Tiliqua rugosa): a slow-moving, short-

tailed, blue-tongued skink native to Australia. Its stumpy 

tail roughly resembles its head, and so may confuse preda-

tors. 

slime mold: a protist that reproduces via zoospores. Single-

celled slime molds forage by avoiding where they have been. 

As they move, slime molds leave a chemical trail that lets 

them identify their own secretions. 
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slit sensilla (plural: slit sensillae): a small mechanoreceptor or-

gan on the exoskeleton of spiders that detects strain and vi-

bration. 

sloth: an arboreal mammal noted for its slow movements and 

metabolism, native to the tropical rainforests of Central and 

South America. There are 6 sloth species in 2 families: 2-

sloths and 3-toed sloths. All sloths actually have 3 toes: 2-

toed sloths have only 2 fingers on each forelimb. 

smog: lingering foul air; a portmanteau of smoke and fog. 

smolt: a fish in freshwater having physiologically adapted to 

handle saltwater. 

smolting: physiological changes that adapt a fish (e.g., salmon) 

to survive in saltwater (from its freshwater origin). 

snake: an elongate, legless, carnivorous reptile descended from 

lizards. 3,400 snake species are known. 

snakeroot (Rauvolfia serpentine): a flowering plant native to 

south and east Asia, used medicinally for millennia in India. 

snapper: a fish in the Lutjanidae family, typically marine, 

though some species inhabit estuaries. Snapper are found in 

tropical and subtropical regions of all oceans. 

Snowball Earth (~800–630 MYA): a period in Earth's history of 

episodic near-global glaciation. 

snub-nosed monkey: a long-furred Asian monkey that lives in 

mountain forests; named because of a stumpy nose on a 

round face. 

soapwort: a perennial herb in the Saponaria genus. 

sociability: the tendency to be sociable. See gregarious. 

social amoeba: a slime mold with group behaviors. 

social learning: learning in a social context by observation, often 

involving imitation. 

sociality: general affinity toward others, especially conspecifics. 

See gregarious. 

sociobiology: zoological study that assumes social behavior pat-

terns are an outcome of evolution. 

sockeye (salmon) (aka red salmon, blueback salmon): a varied 

Pacific salmon species. Sockeye extend from the Columbia 

River in the eastern Pacific north across the Bering Sea to 
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northern Hokkaidō, Japan. Due to excessive human harvest-

ing, sockeye is recognized as endangered in the US. 

sodium (Na): the element with the atomic number 11; a soft, sil-

very-white, highly reactive metal; always found in com-

pounds. Sodium is the 6th most abundant element in the 

Earth's crust, as silica. As sea salt, sodium and chloride are 

the most abundant (by weight) dissolved elements in the 

oceans. 

soil: the surface layer of Earth's crust. Soil is the product of 

weathering rock, decomposed organic matter, and the cumu-

lative activities of the biotic community. Soil layers are 

termed horizons. A cross-section of soil horizons is a soil pro-

file. Soils differ among ecosystems. Soils are classified as 

young, mature, or old. A young soil accumulates organic mat-

ter, hence continues to develop a profile. Mature soil holds its 

own, and so has a static profile. Old soil loses material: nu-

trients leach away. Old soil's horizon diminishes. 

solid: a substance with structural rigidity. Crystals and glasses 

are solids. Contrast fluid. 

Solomon Islands: a country of 6 major islands and over 900 

smaller islands in Oceania, east of Papua New Guinea. 

solute: a substance dissolved in solution. 

song: a sonic succession recognized as including a melody. 

songbird: a passerine which sings (at least 1 sex of the species, 

typically males). 

sophistry: subtly deceptive reasoning or argument. 

sorocarp: a slime mold fruiting body. 

South Africa: the country on the southern tip of Africa. The Cape 

Peninsula is a 52 km long, generally rocky peninsula in 

southwest South Africa that juts into the Atlantic Ocean. The 

most common mammal on the mountains of the Cape is the 

rock hyrax (aka dassie). 

South Equatorial Current: a significant ocean current that flows 

east to west between 5° north of the equator and 20° south in 

the Pacific, Indian, and Atlantic oceans. The current is part 

of gyres driven by different winds in various parts of the 

world. On the equator in the Indian Ocean, monsoons cause 
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the winds to reverse twice a year, whereby the surface cur-

rent flows either eastward or westward depending upon wind 

flow. 

Southern Ocean: the oceanic waters around Antarctica. The 

Southern Ocean includes the Antarctic Circumpolar Current. 

Spanish moss (Tillandsia usneoides): a New World tropical and 

subtropical epiphytic angiosperm. 

sparrow (aka true sparrow, Old World sparrow): a family of 

small passerines native to Eurasia. American sparrows are 

more closely related to Old World buntings than true spar-

rows and look and act like finches. 

specialist (ecology): a species adapted to its specific habitat. Con-

trast generalist. 

speciation: the process of species formation. 

species (biology): a distinct population of organisms. 

species (chemistry): chemically identical molecular entities with 

distinct interaction characteristics, typified by different ioni-

zation or lack thereof. 

species diversity (aka species richness): the variety of species in 

an ecosystem. Compare biodiversity. 

spectrum (plural: spectra, spectrums): an array of distinguished 

components of a wave or emission. Discriminative character-

istics of a spectrum include wavelength, energy, or mass. 

sperm: a male reproductive cell. Compare egg. 

spermatophore: a sperm packet used by males of various animal 

species, transferred to a female's ovipore during copulation. 

spermatophyte: a seed-producing land plant. 

sphagnum: a genus (Sphagnum) of moss with 120 species. 

spice: some portion of a plant primarily employed for flavoring, 

coloring, or preserving food. 

spider (order Araneae): an 8-legged arachnid that injects it prey 

with venom via fangs. There are an estimated 90,000 spider 

species, on every continent except Antarctica, adapted to al-

most all terrestrial biomes. 

spider monkey: a large New World monkey with long limbs and 

a long prehensile tail, in the genus Ateles, with 7 species. 

spidroin: a protein for spider silk. 
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spin (quantum physics): the mathematically hypothesized inter-

nal rotation of a subatomic particle; a form of intrinsic angu-

lar momentum. 

spinal cord: a long, thin, tubular bundle of nervous system tis-

sue that runs much of the length of the body in vertebrates. 

spinneret: the silk-spinning organ of a spider or insect larva. 

Some adult insects also have spinnerets. Spinnerets are usu-

ally on the underside of the abdomen, near the rear. Most 

spiders have 6 spinnerets, though others have only 2 or up to 

8. Spinnerets may work independently or in concert. 

spirillum (plural: spirilla): a curved or spirally twisted bacte-

rium. Compare bacillus, coccus. 

sponge: a simple, porous, multicellular marine animal, lacking 

nervous, digestive, and circulatory systems. Sponges rely 

upon constant water flow for food, oxygen, and waste re-

moval. Most species are marine, though freshwater sponges 

are known. An estimated 10,000 species are extant. 

sporangium (plural: sporangia): an enclosure, either single-

celled or multicellular, in which spores form. 

spore: a desiccated microbe in hibernation, able to remain 

dormant and survive adverse conditions, such as cold, heat 

and radiation. Spores are produced via sporulation. 

sporophyte: the diploid, spore-producing phase of plants and al-

gae that undergo alternation of generations. Compare game-

tophyte. 

Sporozoa: a group of parasitic protozoans. 

spreading ridge: a mid-ocean ridge with a growing rift along its 

spine, formed by 2 tectonic plates; an underwater divergent 

plate boundary. 

springtail: a small, omnivorous, 6-legged (hexapod) arthropod 

that is not an insect, in the order Collembola. 

spruce (tree): a genus (Picea) of coniferous evergreen with 35 

species. 

Sputnik: a virophage discovered in a water-cooling tower in 

Paris in 2008. 

squamate: a reptile in the Squamata order, comprising all liz-

ards and snakes – scaled reptiles. Squamates are the 2nd-
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largest (specious) order of extant vertebrates, after perciform 

("perch-like") fish. 

Squamellaria: a genus of myrmecophytic flowering plants en-

demic to Fiji. 

squid: a cephalopod of ~300 extant species, with elongated tub-

ular bodies, short, compact heads, 4 pairs of arms, and 2 ten-

tacles. Squid are strong swimmers. 

squirrel: a small or medium-sized rodent. Chipmunks, marmots, 

and prairie dogs are squirrels. Close living relatives include 

the dormouse and mountain beaver. 

squirrel monkey: a small New World monkey. 

squirting cucumber (Ecballium elaterium): a Mediterranean cu-

cumber that explosively ejects its seeds. 

stabilimentum (plural: stabilimenta): a conspicuous silk struc-

ture within a spider orb web. 

stadial: an extended cold spell of insufficient duration or inten-

sity to be considered a glacial period. 

stamen (aka androecium): the (male) pollen-producing organ in 

a flower. The stamen has a stalk (filament) and an anther 

that contains pollen (microsporangia). See stigma. 

Staphylococcus: a cocci genus of bacteria fond of clustering. 

Found worldwide in soil, plants, and animals. Most are 

harmless. 

starfish: see sea star. 

starling: a medium-sized passerine. The larger Asian species are 

called mynas. Starlings have complex vocal communications. 

statistics: the mathematical science of data collection, classifica-

tion, analysis, and interpretation within the precepts of prob-

ability. 

statocyst: a sensory receptor for balance, employed by some 

aquatic invertebrates, including bivalves, cnidarians, echino-

derms, cephalopods, and crustaceans. 

statolith: an amyloplast.  

status badge: an epigenetic trait which indicates social status. 

stercomare: a shell-like structure built by a xenophyophore. 

stercome: xenophyophore feces that mixes with secreted cement 

to build a shell-like mound, termed a stercomare. 
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steroid: an organic compound characterized by 4 joined cycloal-

kane rings with 17 carbon atoms. Eukaryotic cells manufac-

ture steroids for various functions. 

sternum: a compound ventral bone or cartilage of most verte-

brates other than fishes, which connects the ribs or shoulder 

girdle or both. 

stickleback: a carnivorous fish in the Gasterosteidae family. 

Most stickleback species are marine. 

stigma (botany): the female portion of a flower that receives pol-

len during pollination. A pollen grain germinates on the 

stigma, which is often sticky. The tube-like style connects the 

stigma to the ovary. See stamen. 

stipule: an outgrowth on a side of the base of a leafstalk (petiole). 

Stockholm syndrome (aka capture bonding): a psychological 

phenomenon where hostages emotionally accept their cap-

tors. Battered-wife syndrome and military basic training are 

examples of capture bonding; so too fraternity bonding by 

hazing. Stockholm syndrome is named after a bank robbery 

in Stockholm, Sweden, where several bank employees were 

held hostage in a bank vault for 6 days in August 1973. The 

victims became emotionally attached to their captors, at one 

point rejected assistance from the government, and defended 

the robbers after they were freed. 

stolon (aka runner): a horizontal connection between organisms. 

Commonly used in botany for an aboveground extension from 

the base of a cloning plant. 

stoma (plural: stomata): a plant pore. 

stone plant: a genus (Lithops) of succulents in the ice plant fam-

ily Aizoaceae, native to the dry lands of southern Africa. 

storksbill (aka pinweed, Erodium cicutarium): a geranium that 

is nominally an herbaceous annual; in warm climates, a bi-

ennial. A storksbill's small pink flowers provide pollinators 

with ample pollen and nectar. 

stot: a gait of quadrupeds involving jumping into the air. 

strain (variety) (of bacteria): a culture from a single parent, but 

which differs from other bacterial cultures of the same spe-

cies by structure or metabolism. 

stratigraphy: a branch of geology related to rock layers (stratifi-

cation). 
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stratosphere: the temperature-stratified layer of Earth's atmos-

phere below the mesosphere and above the troposphere. The 

stratosphere is 10–50 km above Earth's surface. 

stratus: a relatively featureless cloud with a uniform base and 

gray, horizontal layering. 

strawberry poison frog (Oophaga pumilio): a small frog, native 

to Central America, that picks up its poison for the arthro-

pods it eats. Strawberry poison frogs have a wide variation 

in patterns, with up to 30 different color morphs. 

Strepsiptera (aka twisted-wing parasite): an endoparasitic order 

of insects, with 600 species over 9 extant families. 

Strepsirrhine: a suborder of primates defined by their wet nose, 

including lemurs, galagos, pottos and lorises. 

Streptococcus: a genus of spherical bacteria. 

Streptomyces: the most speciated (500+) genus of actinobacteria. 

Streptomyces have an earthy odor, owing to their producing 

geosmin. 

stress (biology): an organism's sustained response to a stimulus, 

either environmental or internally produced. 

stress (psychology): a dysfunctional form of emotional memory 

stored in the mind-body. 

stridulation: the act of an animal producing sound by rubbing 

body parts together. Various insects, spiders, fish, and 

snakes practice stridulation. 

strigolactone: a plant hormone that solicits and stimulates sym-

biotic relations with mycorrhizal fungi.  

strike-slip: an area of tectonic lateral displacement, either be-

tween plates or within a continent. A strike-slip at between 

plates at a boundary is a transform-fault. 

striped lava lizard (Tropidurus semitaeniatus): a gregarious liz-

ard, native to northeastern Brazil. 

style (botany): the tube-like stalk that connects a stigma to an 

ovary; part of the gynoecium (female part of a flower).  

subduction: the process of a tectonic plate moving under another 

at a convergent tectonic boundary. 

subduction plate: a tectonic plate undergoing subduction. 

subduction zone: an area where subduction is taking place. 
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suberin: a waxy, fatty substance that renders cork cells water-

proof. 

subsociality: animals that show parental behavior. 

succulent: a plant that has a portion with thickened and fleshy 

tissue to retain water in arid conditions. 

sulfate (aka sulphate) (SO42–): a polyatomic anion of sulfur and 

oxygen in a tetrahedral arrangement with a symmetry syn-

onymous with methane. 

sulfide (S2–): the simplest inorganic anion of sulfur. 

Sulfolobus: a genus of microscopic thermoacidophile archaea, 

happiest at 75–80 °C and 2–3 pH. 

sulfur (S): the element with atomic number 16; an abundant, 

multivalent non-metal. Sulfur can react as either a reductant 

or oxidant. As an organic compound (organosulfur), sulfur is 

widely employed in biological processes, playing a key role in 

many enzymes. Sulfur is a component in all proteins. 

Sumatra: an island in western Indonesia; the westernmost of 

the Sunda Islands. 

Sumer: an ancient civilization in southern Mesopotamia, begin-

ning 5000 BCE. 

Sunda Shelf: a southeast extension of the continental shelf of 

Southeast Asia into the Gulf of Thailand to the Sunda Is-

lands, notably Sumatra and Borneo. 

Sundaland: a submerged continent that was largely exposed 

during the Last Glacial Maximum. 

sunflower (Helianthus annuus): an annual plant native to the 

Americas. Sunflowers are notable for their large flowering 

head. 

supercontinent: a landmass comprising multiple continental 

cores. Supercontinents in Earth's history include: Vaalbara 

(3.1–2.8 BYA), Kenorland (2.7–2.5 BYA), Nuna (1.9–1.5 BYA), 

Rodina (1.1 BYA–750 MYA), and Pangaea (300–200 MYA).  

surface tension: a property of the surface of a substance that al-

lows it to resist an external force. Surface tension in a crystal 

arises from stretching interatomic bonds, whereas liquid sur-

face tension is more about the extra atoms introduced when 

spreading out in increased surface area. 
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surili: a group of arboreal, small, slim, Southeast Asian mon-

keys in the genus Presbytis. 

swallowtail butterfly: a large, often colorful butterfly in the Pa-

pilionidae family, of over 550 species. 

sweat bee: a bee attracted to salt, particularly human sweat. 

swordfish (aka broadbill): large, migratory, predatory fish in the 

Xiphiidae family, characterized by a long, flat bill. 

swordtail characin (Corynopoma riisei): a characin endemic to 

Columbia, Trinidad and Tobago, and Venezuela. 

syllable: a unit of spoken language. 

symbiont: an organism that lives symbiotically with a host. 

symbiorg: an obligate symbiotic organism. Eukaryotes with mi-

crobiomes are symbiorgs. 

symbiosis: 2 dissimilar organisms in continual interaction, typ-

ically in a mutually beneficial association (mutualism). 

symbol: an abstraction that signifies something; a representa-

tion of a concept. 

sympathetic concern: being able to experience another individu-

al's emotions as distinct from one's own. 

sympatric speciation: evolution of a new species while inhabiting 

the same habitat as the parent species. Compare parapatric 

speciation, allopatric speciation. 

symplast: the inner side of a plant plasma membrane, where 

water and low-molecular-weight solutes can freely diffuse. 

Symsagittifera roscoffensis: a small marine flatworm. 

synapsid: a group of mammal-like reptiles, all amniotes (egg 

layers). Early synapsids are usually called pelycosaurs; more 

mammal-like ones, therapsids. 

syncytium (plural: syncytia): a multinucleate cell resulting from 

multiple cell fusions of uninuclear (single nucleus) cells. 

Synechococcus: a genus of marine cyanobacteria. 

synergism (biochemistry, pharmacology): joint action of agents 

that together increase each other's effectiveness. 

syntax: the patterns of language. 

syrinx: the unique vocal organ of birds. 



1032 Spokes 2: The Web of Life  

T 

T cell: a lymphocyte of the adaptive immune system that kills or 

assists killing pathogens. Compare B cell. 

taboo: a behavior contrary to mores. 

taiga (aka boreal forest): a biome characterized by coniferous for-

est. Taiga is the Earth's largest land biome, comprising 29% 

of the world's forest cover. 

taily weed (Ochradenus baccatus): a perennial plant that grows 

to a meter, with a woody base and many fleshy smooth 

branches; native to north Africa and the Middle East. Taily 

weed produces small berries year-round. 

talapoin: an arboreal monkey found in swamp forests of central 

Africa; the smallest Old World monkey. Talapoins live in 

troops of 50–100. 

tamarin: a squirrel-sized arboreal South American monkey. 

Tamarixia radiata: a parasitic wasp that lays its eggs on jump-

ing plant lice. 

tandem running: a teaching method in some ant species, using 

recruitment to lead nestmates to food, or to facilitate 

quorum-sensing. During a tandem run, the follower main-

tains contact with the leader by frequent feedback touches of 

the antennae between the 2. 

tangle web spider (Anelosimus octavius): a South American orb-

weaving spider that spins a platform web under the influence 

of the parasitoid wasp Polysphincta gutfreundi. 

Tanimbar corella (aka Goffin’s cockatoo, Goffin’s corella, 

Cacatua goffini): a small white cockatoo endemic to the 

islands of the Tanimbar archipelago in Indonesia. 

tank plant: a rainforest species of bromeliad that clings to trees.  

tannin: an astringent, bitter plant polyphenolic compound. 

tapeworm: an obligate endoparasite of the animal gut. 

taproot: a large, long, somewhat straight root. 

tarantula: a group of often large and hairy spiders. Some are 

arboreal, others ground dwellers. 

tardigrade (aka water bear): a hardy, 0.5-mm-long, aquatic ani-

mal of over 1,150 species, found in most ecosystems. 
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tarsier: a 10–15 cm prosimian with enormous eyes, once wide-

spread through Asia, Europe, North America, and possibly 

Africa, now found only on Southeast Asian islands. Tarsiers 

have a distinct brain from other primates, suggesting their 

early, independent evolution in the lineage of primates. 

tarsus (plural: tarsi): the end of a leg, near the foot. 

Tasmanian native hen: a flightless rail native to Tasmania. 

taxol (C47H51NO14): an extract from the Pacific yew tree em-

ployed for human cancer chemotherapy. The drug giant Bris-

tol-Myers Squibb managed to change the generic name to 

paclitaxel so that it could trademark taxol. 

taxon (plural: taxa): a classification of organisms. Taxa either 

have a formal or scientific name. Scientifically termed taxa 

are governed by nomenclature codes: naming rules overseen 

by scientific organizations. 

taxonomy: the classification of organisms according to their pre-

sumed natural relationships. 

tectonics: processes related to the movement and deformation of 

Earth's crust, notably the roving of tectonic plates. 

tectonic plate: a sizeable chunk of the lithosphere, including 

some of Earth's crust, capable of movement. 

teleology (evolutionary biology): the theory that adaptation is 

goal oriented. 

teleology (philosophy): the doctrine that final causes (ends or 

purposes) exist. 

telonemia: a phylum of aquatic, microscopic, single-celled eukar-

yotic protists. 

telophase: the cell life-cycle phase after anaphase, during cell 

replication, where 2 daughter nuclei form. The result of telo-

phase is 2 daughter cells. See interphase. 

tentacled snake (Erpeton tentaculatum): an aquatic snake en-

demic to Southeast Asian waters; unique in having 2 tenta-

cles protruding from the front of its head. 

termite: a group of colonial eusocial insects, directly descended 

from cockroaches. Termites are only distantly related to ants. 

4,000 termite species are known. 
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Termitomyces: a genus of fungi in the family Lyophyllaceae that 

are a food source for their cultivators: the termite subfamily 

Macrotermitinae. 

tern: a slender, lightly built, graceful seabird that prefers an 

open habitat. Tern sexes look selfsame. 

terpene (C5H8): a pungent hydrocarbon compound produced by 

various plants, notably conifers, and some insects, including 

termites and swallowtail butterflies. Terpene is antibiotic. 

tessellated darter (Etheostoma olmstedi): a small, freshwater 

darter native to North America, primarily the United States. 

testicle (aka testis): the male reproductive gland in animals. 

testosterone (C19H28O2): a steroid hormone found in reptiles, 

birds, and mammals. 

Tethys Sea (aka Tethys Ocean): the ocean between the conti-

nents of Gondwana and Laurasia during much of the Meso-

zoic era (252–66 MYA), before the opening of the Indian and 

Atlantic oceans during the Cretaceous period (145–66 MYA). 

Continental shifts reduced the Tethys Sea, eventuating into 

the Mediterranean Sea. 

tetrachromacy: vision with 4 channels of color information. 

tetrahydrocannabinol (C21H30O2; THC): a psychoactive (to hu-

mans) terpene produced by cannabis plants. 

tetrapod: a 4-limbed animal. 

Tetraselmis convolutae: a species of phytoplankton that is a 

symbiont of the small marine flatworm Symsagittifera ros-

coffensis. 

thale cress (aka mouse-ear cress, Arabidopsis thaliana): a small 

flowering plant native to Eurasia. Thale cress is commonly 

considered a weed, despite being in salads or eaten sautéed 

(that is, a food crop). 

thallus (plural: thalli): an undifferentiated vegetative tissue, 

typical of certain algae, fungi, lichen, and liverworts. 

theory: fact-based explanation about the relations between con-

cepts. 

theory of mind: the cognitive ability to attribute mental states 

to oneself and others. 

Therapsida: a group of synapsids from which mammals de-

scended. 
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theridiid (aka cobweb, comb-footed, tangle-web): a web-building 

spider of over 2,200 species in 100 genera. 

thermal (atmospheric): a column of rising warm air in the lower 

altitudes of the atmosphere. Thermals are one of many 

sources of lift that are used by birds that fly long distances. 

thermoacidophile: an organism that prefers a habitat with tem-

peratures of 70–80 °C and a pH of 2–3; a combination of aci-

dophile and thermophile. 

thermocline (ocean): a layer of seawater that separates upper, 

warmer water from colder, deeper water below. 

thermodynamics: the branch of physics concerned with the dy-

namics of heat and temperature and their relation to energy 

and work. 

thermohaline circulation: an aspect of large-scale ocean circula-

tion driving by global seawater density gradients created by 

surface heat and freshwater thermal fluxes. Thermo- refers 

to temperature while -haline refers to saltiness. Thermoha-

line circulation is synonymous with ocean conveyor belt. 

thermonastic tropism: plant movement in response to tempera-

ture. 

thermophile: an organism that can survive a 60 °C or even hot-

ter habitat. 

Thermoplasma acidophilum: a species of highly flagellated ther-

moacidophilic archaea happiest at 56 °C and pH 1.8. Aston-

ishingly, T. acidophilum lacks a cell wall. Its cell membrane 

is exposed to the outside environment. 

thermosphere: the layer of Earth's atmosphere below the exo-

sphere and above the mesosphere. The thermosphere begins 

80 km above the Earth's surface. 

thigmotropism: plant movement in response to touch. 

Thiobacillus: a subfamily of thermophilic bacteria that consume 

sulfur. 

thorax: the midsection of an insect body, holding the legs, wings, 

and abdomen; termed the mesosoma in other arthropods. A 

thorax has 3 segments: prothorax, mesothorax, and metatho-

rax. 

thread-legged bug (Stenolemus bituberus): an Australian assas-

sin bug that preys on web-building spiders. 
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threespine stickleback (Gasterosteus aculeatus): a fish native to 

inland coastal waters north of 30° N which shows great mor-

phological variation throughout its range and is quite toler-

ant of salinity changes. 

thrip (aka thunderfly, thunderbug, thunderblight, storm fly, 

storm bug, corn fly, corn louse): a tiny, slender insect with 

fringed wings that feed on a large variety of plants and ani-

mals by puncturing its victim and sucking tissue fluids. 

thrush: a ground-dwelling passerine with a worldwide distribu-

tion. 

thylakoid: a membrane-bound compartment inside cyanobacte-

ria and chloroplasts. 

thymine (T) (C5H6N2O2): a DNA nucleobase. Thymine is 

complementary to adenine. In RNA, thymine is replaced by 

uracil. 

tiger beetle: a beetle of over 2,600 species, known for its aggres-

sive predation and running speed: the equivalent of a person 

going 770 km/h. 

tinamou (plural: tinamous): a diurnal bird native to Middle and 

South America, with 47 species. Although some species are 

common, tinamous are shy, secretive birds. Though tinamou 

are ground-dwelling, and favor running away from danger, 

they are not flightless. 

TirA (toll/interleukin-1 receptor A): a protein used by social 

amoeba to identify bacteria. A similar protein is used by an-

imals for the same purpose. 

tissue: an aggregate of cells in a eukaryotic organism that per-

form a specific function. 

tit: a small passerine endemic to the northern hemisphere and 

Africa; in the Paridae family, which includes chickadees and 

titmice. 

titan triggerfish (Balistoides viridescens): a large triggerfish 

found at reefs and in lagoons through the Indo-Pacific, 

though not near Hawaii. Titan triggerfish are busy workers, 

turning over rocks and stirring sand to scrounge shellfish, 

urchins, and crustaceans; much to the delight of smaller fish, 

who feed on the leftovers. Titan triggerfish also munch coral. 

titi: a monogamous, territorial South American monkey. 
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toad: a frog with a dry, bumpy, leathery skin. The bumps visu-

ally break up a toad's visible outline, hence helping it to blend 

into its environment. A toad differs from a frog only by look 

and its preference for a more terrestrial habitat. 

toadfish: a family of mostly marine, large-mouthed, ray-finned 

fish, so-called for their toad-like appearance. Toadfish are 

benthic ambush predators that like to lurk on sandy or 

muddy substrates, where their cryptic coloration camou-

flages them. Male toadfish can sing, using their swim bladder 

to produce sound. They croon to attract mates. 

toadstool: an inedible mushroom; from late 14th-century Middle 

English. Toads were then regarded as highly poisonous. 

tobacco: an herbaceous plant or shrub in the Nicotiana genus in 

the nightshade family, indigenous to the Americas, south-

west Africa, the South Pacific, and Australia. 

tobacco hornworm (aka goliath worm, Manduca sexta): the larva 

of the Carolina sphinx moth. This caterpillar feeds on to-

bacco, tomatoes, and other plants in the nightshade family. 

Tonga plate: a small, southwest Pacific Ocean tectonic plate, 

bounded on the north and east by the large Pacific plate, and 

on the northwest by the Niuf'ou microplate. The Tonga plate 

is subducting the Pacific plate along the Tonga Trench, north 

of New Zealand. The Tonga Trench is a convergent plate 

boundary. 

Tonian (1,000–720 MYA): the 1st period of the Neoproterozoic 

era. The supercontinent Rodinia broke up during the Tonian. 

The first fossils date from the Tonian. 

tonne: metric ton. 

toothcarp: an 0.8–34 cm, freshwater, ray-finned fish. Toothcarps 

are not closely related to true carps. Many popular aquarium 

fish, such as killifish and guppies, are toothcarps. 

topi (Damaliscus korrigum): a gregarious and fast antelope that 

lives on the grasslands of equatorial Africa. Topis have the 

most diverse social arrangements among antelopes, ranging 

from polygyny to leks. 

torpor: a state of sluggishness, with mental and motor inactiv-

ity. 

touch-me-not (Mimosa pudica): a plant with compound leaves 

that rapidly respond to touch. 
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toxin-antitoxin system: a prokaryotic defense system using a set 

of 2 or more linked genes which together encode for both a 

toxin protein and a corresponding antitoxin. 

Toxoplasma gondii: an obligate, intercellular, protozoan para-

site of endotherms, causing them toxoplasmosis. 

toxoplasmosis: a disease causing both physical and mental disa-

bilities, including encephalitis (inflammation of the brain), 

heart, liver, hearing, vision, and neurological disorders. Tox-

oplasmosis can also invoke attention deficiency, obsessive-

ness, schizophrenia, and suicide. 

tracheophyte: a vascular plant. 

trade winds: the prevailing pattern of easterly surface winds 

found in the tropics. Historically, the trade winds were used 

by captains of sailing ships to traverse the oceans. These 

winds facilitating seafaring trade routes gave them their 

name. 

trait (biology): a biological feature, either in form or function. 

transfer RNA (tRNA): an adapter for bridging the 4-letter ge-

netic code in messenger RNA (mRNA) with the 20-letter code 

of amino acids; used for protein synthesis. 

transform boundary: a rubbing of tectonic plates at a shared 

boundary. A transform boundary is a specific type of strike-

slip fault. Contrast convergent, divergent. 

transformation (bacteria): the process of a bacterium picking up 

and incorporating genetic material from the environment. 

transgression (biosphere): sea-level rise. Contrast regression. 

translocation (botany): the sugary sap distribution process in 

phloem. 

transpiration: normal, controlled release of water by plants. 

transposable element: a transposon or retrotransposon. 

transposon: a DNA sequence which can change its position 

within a genome (typically by placing a copy elsewhere). 

traveling salesman problem: the problem of determining the 

shortest route for multiple nonlinear waypoints; one of the 

most intensively studied problems in computational mathe-

matics, as it is NP-hard (non-deterministic polynomial-time 

hard).  
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The traveling salesman problem was mathematically de-

fined in the mid-1800s by William Rowan Hamilton and 

Thomas Kirkman. To this day, a provably correct algorithmic 

solution to the traveling salesman problem has not been 

found. Practically, humans are not nearly as good as bumble-

bees in solving it. (Only bumblebees have been studied. 

Doubtlessly such problem-solving acumen applies to other 

foragers which rely upon checking many locations for food by 

memory.) 

tree: a perennial plant with a woody trunk, branches, and 

leaves. 

tree frog: a frog that spends a lot of time in trees. 

treepie: an arboreal corvid of 4 genera. 

trematode (aka fluke): a class of parasitic flatworms. 

Triassic (252 – 201 MYA): the 1st period of the Mesozoic era, fol-

lowing the Permian period and preceding the Jurassic. 

Earth's land mass was in a single supercontinent, Pangea, 

during the Triassic. Dinosaurs appeared during the Triassic 

but did not dominate until the Jurassic. The start and close 

of the Triassic are marked by major extinction events. The 

Triassic is named after the 3-layer rocks, found throughout 

northwestern Europe, that characterize the period.  

Trichoderma: a genus of fungi present in all soils. 

trichomonad: a single-celled, flagellated, anaerobic protozoan. 

Trichomonas vaginalis (Tv): a parasitic trichomonad which 

causes trichomoniasis.  

trichomoniasis (aka trich): the sexually transmitted infectious 

disease caused by Trichomonas vaginalis.  

trichromacy: having 3 types of color vision receptors. Marsupials 

and primates are the only known mammalian trichromats. 

They have different receptor types for red, green, and blue 

wavelengths. Some insect species, such as honeybees, are tri-

chromats, but their reception is shorter wavelengths: green, 

blue, and ultraviolet. Trichromats can distinguish 1 million 

colors. Compare monochromacy, dichromacy, tetrachromacy. 

trigger plant (Stylidium): a flowering plant of a diverse ~300 

species, indigenous to Australia. Trigger plants are ex-

tremely sensitive to touch. 
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triglyceride: a lipid. More specifically, an ester derived from 

glycerol and 3 fatty acids. 

Triplaris (aka ant tree): a genus of plants and trees native to the 

Americas, best known for their mutualism with ants (e.g., T. 

americana). 

trophic: nutritional. 

trophic cascade: the dynamic of predator-prey linkages, particu-

larly in affecting carrying capacity. 

trophic efficiency: the efficiency of converting food into energy 

for at a trophic level. 

trophic level: a stratum of the food chain. 

trophic pyramid: a stratified view of a food chain, from a base of 

producers to herbivores to predators. 

tropism: (plant) directional movement in response to environ-

mental conditions. Contrast nastic movement. 

tropopause: the transition layer between the troposphere, where 

temperature drops with altitude, and the stratosphere, where 

temperature rises with altitude. 

troposphere: the atmospheric layer of life: the lowest portion of 

Earth's atmosphere. The troposphere extends from the 

Earth's surface 7–20 km up, depending upon location and 

season. 

true bug: an insect in the Heteroptera group of the Hemiptera 

order, comprising 40,000 species. Most species have fore-

wings with both membranous and hardened portions. Bed-

bugs, assassin bugs, stink bugs, plant bugs, seed bugs, and 

water bugs are exemplary true bugs. The formal classifica-

tion of Heteroptera has become confused in recent decades 

through suggested revisions, and there is not even ubiquitous 

consensus on the extent of what a "true bug" is. 

trypanosome (aka trypanosomatid): a group of single-celled pro-

tozoa with only a single flagellum. 

tsetse fly (aka tik-tik fly): a large biting fly endemic to central 

Africa that lives on the blood of its vertebrate victims. Tsetse 

flies are known for transmitting parasitic protozoa called 

trypanosomes which weaken and kill infected animals. 

tuatara: a unique gray and greenish-brown lizard-like reptile, 

but not a lizard, native to New Zealand. 
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tube worm: an aquatic worm-like sessile invertebrate that an-

chors its tail to an underwater surface, then secretes a min-

eral tube shelter around its body into which it can withdraw. 

tuber: a plant structure that enlarges to store nutrients. 

tundra: a biome where tree growth is hindered by low tempera-

ture and short growing seasons. Tundra occurs near the poles 

and toward the summits of the most majestic mountains. 

Túngara frog (Engystomops pustulosus): a frog found in Mexico 

and northern South America. 

tunicate: a marine invertebrate chordate. 

turaco: a medium-sized, arboreal, largely herbivorous, gregari-

ous bird endemic to sub-Saharan Africa, in the family 

Musophagidae.  

turbinate (aka nasal concha): nasal airway. 

turgidity: a state of distension/swelling. 

turgor: the normal state of turgidity and tension in living cells, 

particularly the distension between the protoplasmic layer 

and plant cell wall by fluid contents. 

turgor pressure: a pressure (turgidity) against cells caused by 

osmotic water flow. Healthy plant cells rely upon turgidity to 

maintain rigidity. Other beings with cell walls, such as fungi, 

protists, and bacteria, appreciate turgor pressure. In con-

trast, animals lack the cell walls needed to support this func-

tion. 

turion: a specialized overwintering bud produced by aquatic 

plants. Turions are produced in response to autumnal condi-

tions, such as decreasing day length and lowering tempera-

ture. Turions are often rich in sugars and starch, allowing 

them to act as storage organs. 

turkey: a large bird native to the Americas; related to grouse. 

turtle: a reptile with a unique, defensive, bony shell developed 

from its ribs, in the Testudines order. Originating 220 MYA 

via saltation, turtles are one of the oldest reptile groups. 

tuskfish: a fish of several species in the wrasse family, endemic 

to the Indian and Pacific oceans. 

TYA (aka kiloannum or ka): thousands of years ago. 
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U 

uakari: a bald-headed, short-tailed monkey of 4 species in the 

Cacajao genus, endemic to the Amazonian rainforest. 

Uganda ironwood (Cynometra alexandri): a legume tree en-

demic to tropical lowland forests in central and east Asia. 

These trees may reach 46 meters in height. 

ultrasonic: a sound frequency above human hearing (20 kHz). 

ultraviolet: the 10–400 nm band of the electromagnetic spec-

trum, shorter than visible light but longer than X-rays. 

understory: an underlying layer of vegetation; the vegetative 

layer between forest ground cover and the forest canopy. 

Compare overstory. 

ungulate: a group of mammals which use the tips of their toes, 

typically hoofed, to sustain body weight while moving. Ungu-

lates include the horse, cattle, bison, camel, goat, pig, sheep, 

donkey, deer, tapir, antelope, gazelle, giraffe, camel, rhino, 

and hippo. Even-toed ungulates (Artiodactyla) bear their 

weight equally between the 3rd and 4th toes. Odd-toed ungu-

lates (Perissodactyla), which have an odd number of toes on 

their rear feet, bear weight on their 3rd toe. 

uniformitarianism: a hypothesis by James Hutton of steady-

state existence: the same processes and natural laws that op-

erate in the universe now have been constant everywhere 

since time immortal: "the present is the key to the past." In 

a temporal asymmetry, from a saner historical perspective, 

understanding the past explains the present. Contrast catas-

trophism. 

universe: a presumed self-contained repository of energy – a 

characterization for which there is no evidence, and which 

quantum theory disclaims. This universe has some 4 trillion 

galaxies; half are light (with visible stars), half dark. 

unsaturated fat: a molecule of fat with 1 or more double bonds 

between carbon atoms. A fat molecule with only 1 double 

bond is monounsaturated. Molecules of fat with more than 1 

double bond are polyunsaturated. Contrast saturated fat. 

uracil (U) (C4H4N2O2): a nucleobase of RNA. Uracil is comple-

mentary to adenine. In DNA, uracil is replaced by thymine. 
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urogenital system (aka genitourinary system): the animal organ 

system including reproductive organs and the urinary sys-

tem. 

V 

Vaalbara (3.1 – 2.8 BYA): the first known supercontinent. 

vacuole: the organelle in cells responsible for autophagy. 

vagina: the female sex organ. 

vagrancy (biology): a biological tendency for individual animals 

to appear well outside their normal range. Such individuals 

are termed vagrants. 

vampire bat: a hematophagic bat. 

vampire squid: an archaic cephalopod that lives in the oxygen 

minimum zone. 

van der Waals interaction: the net sum of attractive or repulsive 

forces between atoms other than those owing to covalent 

bonds, electrostatic interaction between ions, or with neutral 

atoms. 

vapor pressure: the pressure exerted by a vapor, indicating its 

evaporation rate. Vapor pressure relates to the tendency of 

particles to escape from a liquid or solid in a given ambient 

condition. 

vascular: a life form with vessels to carry fluids; commonly used 

to identify certain land plants: vascular plants (aka tracheo-

phytes). 

vascular cambium: the lateral meristem that develops into vas-

cular tissue. 

vasopressin (C46H65N15O12S2): a mammalian neurohypophysial 

hormone that helps retain water in the body and constricts 

blood vessels, among other functions. In humans, vasopres-

sin plays a key role in homeostasis, and the regulation of wa-

ter, glucose, and salts in the blood. 

vegetative reproduction: any one of several ways that plants 

asexually propagate without spores or seeds. Herbaceous and 

woody perennial plants often practice vegetative propaga-

tion. 

veiled chameleon (Chamaeleo calyptratus): an arboreal chame-

leon found in the mountainous regions of the Middle East. 
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ventral: the belly or lower side of an organism. Contrast dorsal. 

Venus fly trap (Dionaea muscipula): a carnivorous plant native 

to the subtropical wetlands on the east coast of the United 

States. 

vernalization: the need for an angiosperm to have a prolonged 

cold period (winter) before being able to flower.  

vertebrate: an animal with a backbone and spinal column. Con-

trast invertebrate. 

vertical gene transfer: genetic transfer from parent to offspring, 

typically as part of the reproductive process. Contrast hori-

zontal gene transfer. 

vervet monkey (aka vervet, Chlorocebus pygerythrus): a monkey 

endemic to sub-Saharan Africa. 

vesicle: a membrane-encased bubble within a cell; at least anal-

ogous, if not in fact, to an organelle. 

vespoid wasp: a wasp in the large, diverse, cosmopolitan Vespi-

dae family of wasps, including nearly all known eusocial 

wasps. 

vessel element: a plant water-conducting cell type, found in xy-

lem. 

Vibrio fischeri (aka Aliivibrio fischeri): a species of biolumines-

cent saprotrophic bacteria that lights up the lives of marine 

animals. 

vicariance: speciation when a new geographic barrier arises, 

separating a population. Contrast dispersal. 

viceroy butterfly (Limenitis archippus): a North American but-

terfly that mimics the monarch butterfly, ranging from the 

northwest to central Mexico. 

viduid: a small passerine in the Viduidae family, which includes 

indigobirds, whydahs, and cuckoo-finches. Viduids are native 

to Africa. 

village weaver (aka spotted-backed weaver, black-headed 

weaver, Ploceus cucullatus): a weaverbird endemic to sub-Sa-

haran Africa. 

vine: a plant with a growth habit of runners. The term climber 

applies to all climbing plants. 

vine snake: any one of various slender venomous snakes. 
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vinegar fly: a fly that lingers about overripe or rotting fruit, in 

the genus Drosophila. Confusingly, Drosophila are often 

called fruit flies. Compare fruit fly. 

viper: a family of venomous snakes, found over much of the 

world, excluding islands and polar regions. 

vireo: a family of small to medium-sized passerines of the Amer-

icas. 

virion: a viral particle that contains RNA or DNA. 

viroid: a tiny package of RNA lacking a capsid; smaller than a 

virus. Viroids are plant pathogens. 

virophage: a satellite virus that is a parasite of another virus. 

virulence factor: a molecule produced by a pathogen or endosym-

biont that helps it colonize or obtain nutrition from its host. 

virus: an obligate parasite that infects cells of all types of organ-

isms; a domain of life, alongside archaea and bacteria. 

viscacha: a rodent closely related to chinchillas, looking some-

what rabbity. 

vitalism (biology): the doctrine that there is a vital energy spe-

cific to living organisms, distinct from chemical and physical 

energies; generally rejected by scientists. Contrast animism. 

vitamin A: a vitamin needed by the retina of chordate animals 

for low-light and color vision. 

viverrid: a small to medium-sized mammal of 38 species in 15 

genera.  

vivipary: a plant seed or embryo beginning development before 

detaching from its parent. 

volcanism: volcanic activity. 

volcano: a rupture in Earth's surface that affords the flow of hot 

magma, gases, and ash to escape from below into the atmos-

phere. Volcanoes are commonly caused by divergent tectonic 

plates pulling apart. 

vole (aka field mouse, meadow mouse): a small stout rodent of 

which there are ~155 species. Many are burrowers. Voles are 

often mistaken for other animals with similar looks and be-

haviors, including moles, gophers, mice, rats, and even 

shrews. 

Volvox: a genus of freshwater green algae. 
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vulture: a scavenging bird of prey, of 2 distinct groups – New 

World and Old World – via convergent evolution. 

W 

wagtail: a small bird with a long tail that frequently wags. 

Walker circulation (aka Walker cell): a conceptual model of cir-

culatory tropospheric air flow in the tropics, discovered by 

Gilbert Walker. 

warbler: a small, vocal, insectivorous perching bird, with ~350 

species in both the Old World and New. 

wasp: a flying insect of well over 100,000 species, found on every 

continent except polar regions. Most wasps are parasites or 

parasitoids as larvae, feeding on nectar only as adults. Many 

wasps are predatory, feeding their larvae other insects (often 

paralyzed). Wasp sociality varies by species, from solitary to 

social. 

Watases lanternfish (Diaphus watasei): a lanternfish native to 

the seas off east Africa to Japan and Australia, at depths of 

100–2005 meters.  

water (H2O): the elixir of life; an odd molecule like no other. 

water bug: a true bug of ~2,000 species in the Nepomorpha in-

fraorder, known as true water bugs for their aquatic lifestyle. 

Water bugs live everywhere but the polar regions, mostly in 

freshwater habitats. 

water cycle (aka hydrological cycle): the cycling of water in the 

biosphere. 

water column: a conceptual vertical column of water, extending 

from the surface to the bottom sediments. 

water flea (aka Cladocera): a small crustacean of 620 known spe-

cies, though many more exist. Water fleas are ubiquitous in 

inland aquatic habitats, but rare in oceans. 

water potential: the tendency of water to move from one area to 

another due to osmosis, gravity, pressure, or matrix effects, 

such as surface tension. 

water spider (aka diving bell spider, Argyroneta aquatica): a spi-

der that spends most of its life submerged in freshwater 

ponds and other places with slow-moving water flow.  



 Glossary  1047 
 

water strider: a true bug in the Gerris genus, able to walk on 

water. Over 1,700 species of gerrids have been identified, 

10% of them marine. 

water table (aka groundwater level): the upper limit of water-

saturated ground. 

watershed (aka catchment, drainage basin): a region peripher-

ally bounded by water draining to a certain watercourse 

(body of water). 

watt: a unit of power quantifying rate of energy transfer, derived 

from joules. Named after James Watt. 

wavelength: the spatial period of a sine wave; commonly used as 

a statistical measure of the energy of a waveform, which is 

mathematically the product of a wave's frequency and ampli-

tude. 

weasel: a small, active predatory mammal. 

weather: characterization of daily or other short-term tropo-

spheric conditions in a locality. Compare climate. 

weaver ant (aka green ant): an arboreal eusocial ant in the 

Oecophylla genus, renowned for nest-building skills using 

leaves sewn together via larval silk. 

weaverbird (aka weaver finch): a small passerine related to 

finches, endemic to sub-Saharan Africa and tropical Asia. 

weed: a derogatory term for an unwanted plant. 

weevil (aka snout beetle): a typically small (>6 mm) beetle of over 

60,000 species in several families, mostly in the family of true 

weevils: Curculionidae. Some other beetles, not closely re-

lated, bear the weevil name. Most weevils have long, elbowed 

antennae that can fold into special grooves on the snout. 

Many weevils lack wings, whereas others are excellent fliers. 

Most weevils are herbivores. Whereas larvae typically feed 

on a species-specific plant (or close relations), adult weevils 

tend to be less picky eaters. As crop eaters, weevils are gen-

erally regarded as pests. 

Welwitschia: a monotypic (single species) gymnosperm genus. 

The Welwitschia plant is native to the Namib desert in An-

gola and Namibia. 

whale: an enormous marine mammal in the clade Cetacea. 
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whiptail lizard: a family (Teiidae) of lizards native to the Amer-

icas. 

whistling moth: a moth endemic to southeast Australia. 

white-fronted bee-eater (Merops bullockoides): a richly colored, 

slender, bee-eating bird widely distributed in sub-equatorial 

Africa, with a distinctive white forehead and black mask. 

whorl (botany) (aka verticil): an arrangement of at least 3 sep-

als, petals, leaves, stipules, or branches that radiate from a 

single point and surround or wrap around a stem. A pair of 

opposing leaves is not a whorl. 

Whooper swan (Cygnus cygnus): a semiaquatic, large, migratory 

northern hemisphere swan. 

whydah (aka widowbird): an African songbird with a long dark 

tail. 

widow spider: a spider in the Latrodectus genus with females 

that eat their mate after mating.  

widowbird: a species of passerine in the weaver family, native 

to sub-Saharan Africa. 

wild nutmeg (aka baboonwood, Virola surinamensis): a tropical 

and subtropical plant. Its fruit contains lauric acid, which 

has antimicrobial properties. 

wild sunflower (Aspilia mossambicensis): a medicinal flowering 

shrub. 

wildebeest (aka gnu): an antelope, native to Africa, in the family 

of even-toed ungulates. There are 2 gnu: black and blue. The 

blue wildebeest remained in its original range, and so is little 

changed from its ancestors. Black wildebeest adapted to the 

open grassland habitat that ranges south of where blue wil-

debeest live. 

wintergreen oil (methyl salicylate): an organic ester made by 

many plants, particularly wintergreens, as an herbivory de-

fense. 

wisdom of crowds: the notion that collective decisions tend to be 

better than those that individuals alone could make. 

witches' broom (aka witch's broom): a deformative disease of 

woody plants caused by phytoplasma. 

witchweed (aka witches weed): a parasitic plant in the Striga ge-

nus, endemic to Africa, Asia, and Australia. 
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Wizard of Oz, The (aka The Wonderful Wizard of Oz): a 1900 

fantasy novel by American novelist L. Frank Baum. The Wiz-

ard is a humbug who is shamed into helping Dorothy return 

to her home in Kansas. The Wizard of Oz is best known in its 

1939 film adaptation, staring Judy Garland. 

wolf: a carnivorous social mammal native to north Africa, Eur-

asia, and North America. Wolves are apex predators. 

wolf spider: a robust, agile spider with excellent eyesight in the 

Lycoside family, ranging from 1 to 3.5 cm. Wolf spiders do not 

spin webs. Most wolf spiders live in solitude. 

wolverine (aka skunk bear, Gulo gulo): a fierce, stocky, muscular 

carnivore that resembles a small bear, but is the largest wea-

sel. Wolverines are endemic to woodlands with cold winters 

in the northern hemisphere. 

wood sorrel (common wood sorrel: Oxalis acetosella): a small 

flowering plant endemic to North and South America, Eu-

rope, and Australia. The tubers of wood sorrel are edible, con-

sumed by humans for millennia. The leaves and flowers of 

wood sorrel contain oxalic acid, which is slightly toxic, albeit 

present in numerous commonly consumed foods, including 

broccoli, Brussels sprouts, spinach, grapefruit, chives, and 

rhubarb. 

wood white butterfly (Leptidea sinapis): a small white-gray but-

terfly found in meadows and forest edges in Eurasia. 

woodpecker: a near passerine in the Picidae family, found 

throughout much of the world, typically in forests and wood-

lands, though a few species inhabit rocky hillsides and de-

serts. 

woodpecker finch (Camarhynchus pallidus): a short-tongued, 

strong-billed, tool-using finch endemic throughout the Galá-

pagos Islands; named for its practice of hammering on tree 

branches with its bill, like a woodpecker on tree trunks. 

woodlice: an isopod crustacean with a rigid, segmented exoskel-

eton and 14 limbs. 

woolly bear caterpillar (aka woolly worm): a fuzzy caterpillar of 

a moth in the Arctiidae family, with 11,000 species. 

woolly monkey: a monkey in the Lagothrix genus (4 species), 

with a prehensile tail that lives in extensive social groups, 
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endemic to the rainforests of South America. Woolly monkeys 

have thick fur, brown in the body with dark gray appendages. 

work (physics): energy in transit; the result of an energetic force 

applied to matter. 

wormlion (aka vermileonid): the larva of an insect in the Ver-

mileonidae family that traps small crawling insects, typically 

ants, in cone-shaped pits like antlion larvae (an instance of 

convergent evolution). 

wormwood: a hardy herbaceous plant in the Artemisia genus, 

belonging to the daisy family.  

wrasse: a clever, carnivorous, marine fish of 500 species in the 

Labridae family. Wrasse are found throughout the world in 

tropical and temperate seas. 

X 

X inactivation (aka lyonization): the process in which 1 of 2 cop-

ies of the X chromosome in female mammals is inactivated. 

xenoma: an abnormal growth caused by a microsporidium. 

xenophyophore: a giant unicellular organism found throughout 

the world's oceans at depths of up to 10.6 km. 

xerophile: an organism that lives in an extremely dry habitat. 

xerophyte: a plant adapted to an extremely dry habitat. 

xylem: plant tissue employed to transport water and nutrients 

up a plant. Compare phloem.  

Y 

YA: years ago. 

yeast: a eukaryotic microorganism classified as a fungus, of 

which there are 1,500 known species. Yeast are famous for 

brewing beer and making bread rise. Contrast mold. 

yellow baboon (Papio cynocephalus): a baboon inhabiting the sa-

vannas and light forests of south-central and eastern Africa. 

The species epithet means "dog-head" in Greek, owing to the 

shape of the baboon's head and muzzle. Yellow baboons re-

semble the chacma baboon. 

Yucca: a genus of ~50 species of perennial shrubs and trees, na-

tive to hot and dry biomes of the Americas and Caribbean. 
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yucca moth: a small- to medium-sized moth that has a mutual-

ism with Yucca plants. Yucca are among the oldest of all 

moths. 

Z 

Zamia: a genus of cycad, with ~50 species, endemic to north and 

central South America (down to Bolivia), and as far north as 

Georgia in the United States. 

zebra: an African equid of 3 species, with distinctive black-and-

white stripes. 

zebra finch (Taeniopygia guttata): a common estrildid finch, na-

tive to Australia, Indonesia, and East Timor. Estrildid is an 

Old World finch family (Estrildidae), characterized by build-

ing large, domed nests. 

Zealandia: a 93% submerged continental margin, with the is-

lands of New Zealand and New Caledonia as representative 

land masses. 

zooid: a single animal that is colonial, in being comprised of a 

plethora of connected individuals. 

zoology: the study of animals. 

zooplankton: a tiny aquatic protozoan or metazoan. 

zoospore: a motile asexual spore that gets around by flapping its 

flagellum. 

zoosporangium: a sporangium in which zoospores develop. 

zygote: a cell formed by the union of 2 gametes (male & female). 
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Doyle, Arthur Conan (1859–1930): Irish-Scottish writer and phy-

sician, best known for the crime fiction tales of detective 

Sherlock Holmes. 

Dornhaus, Anne: German evolutionary and behavioral biologist, 

interested in entomology. 

Dorsey, George (1868–1931): American ethnographer. 

Doyle, Thomas K.: Irish marine biologist. 

Dudley, Susan: Canadian evolutionary plant ecologist. 

Dunn, Rob: American biologist. 

Durham, William M.: English aquatic microbial ecologist, inter-

ested in the fluid dynamics of microbial ecology. 

Durrell, Gerald (1925–1995): Indian zookeeper. 
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Dussutour, Audrey: French biologist, interested in animal be-

havior. 

Dutilh, Bas E.: Dutch virologist. 

Eberhard, William G.: American ethologist. 

Ecker, Joseph R.: American botanist. 

Eddie, Bill: English biologist. 

Edwards, David P.: English biologist. 

Einstein, Albert (1879–1955): German theoretical physicist, 

known for his theories of relativity. 

Elbroch, L. Mark: American zoologist, interested in the ecology 

of pumas. 

Elemans, Coen P.H.: Danish zoologist, interested in vertebrate 

vocalization. 

Elowitz, Michael B.: American biologist. 

Elton, Charles (1900 –1991): English zoologist and ecologist; in-

strumental in establishing the foundation for modern popu-

lation and community ecology, including invasive organisms. 

Emery, Carlo (1848–1925): Italian entomologist, best known for 

Emery's rule: that interspecific insect parasites chose closely-

related animal species as their victims. 

Engelhardt, Tim: German microbiologist. 

Ennos, A. Roland: English biomechanist. 

Erez, Zohar: Israeli molecular geneticist. 

Estes, James A.: American ecologist and evolutionary biologist. 

Euripides (480–406 BCE): Greek playwright, considered one of 

the great tragedians of classical Athens.  

Evans, Rob L.: American geologist. 

Everett, Daniel: American linguist. 

Ewald, Paul: American evolutionary biologist. 

Exiguus, Dionysius (470–544): Christian monk and scholar. 

Ezenwa, Vanessa O.: American ethologist, interested in infec-

tious diseases. 

Ezzat, Kariem: Swedish molecular biologist. 

Feinerman, Ofer: Israeli myrmecologist. 

Feldblum, Joseph T.: American evolutionary anthropologist. 
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Fennessy, Julian: Australian zoologist. 

Fermat, Pierre de (1607–1665): French lawyer and mathemati-

cian who contributed discoveries in calculus, analytic geom-

etry, probability, and optics; best known for Fermat's 

principle for light propagation via least time and Fermat's 

last theorem, a number theory. 

Ferrel, William (1817–1891): American meteorologist who ex-

plained in 1856 mid-latitude atmospheric circulation. The 

Ferrel cell is named after him. 

Finlay, B. Brett: American microbiologist, immunologist, molec-

ular biologist, and biochemist. 

Fischer, Matthias G.: Canadian microbiologist. 

Flannery, Tim (1956–): Australian environmentalist, mammolo-

gist, and paleontologist. 

Fleming, Alexander (1881–1955): Scottish scientist who discov-

ered penicillin. 

Flinkman, Debbie: American elephant keeper. 

Ford, Brian J. (1939–): English biologist. 

Forsberg, Kevin J.: American microbiologist. 

Forterre, Patrick: French molecular biologist. 

Forterre, Yoël: French biophysicist, interested in plant move-

ments. 

Fraenkel-Conrat, Heinz (1910–1999): German biochemist, best 

known for his study of viruses. 

Franklin, Benjamin (1705–1790): American polymath who was 

one of the founding fathers of the United States. 

Freed, Eric O.: American virologist. 

Friedländer, Carl (1850–1938): German pathologist who worked 

with Hans Christian Gram to devise Gram staining. 

Frommer, Wolf B.: German botanist. 

Frost, Robert (1874–1963): American poet. 

Furuta, Kaori Miyashima: Japanese botanist. 

Gagliano, Monica: Australian biologist, interested in ecology 

and marine biology. 

Galen (Aelius Galenus or Claudius Galenus, better known as 

Galen of Pergamon) (130–200): Greek physician, surgeon, and 

philosopher; the most accomplished medical researcher in 
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antiquity, producing theories that influenced Western medi-

cine for nearly 1,500 years. 

Gallup, Gordon G., Jr. (1941–): American psychologist, known 

for developing the mirror test. 

Garnett, Stephen T.: Australian zoologist and ecologist. 

Gassmann, Walter: American botanist and biochemist. 

Geldner, Niko: Swiss botanist. 

Gemmell, Brad J.: American marine biologist. 

Gerlach, Nicole M.: English ornithologist. 

Gibbs, Karine A.: American microbiologist. 

Giehl, Ricardo F.H.: German botanist. 

Gilbert, Walter (1932–): American physicist, biochemist, and mo-

lecular biologist. 

Gilroy, Simon: American botanist, interested in plant senses 

and ecology. 

Giurfa, Martin: French zoologist. 

Glass, N. Louise: American plant pathologist. 

Gluckman, Thanh-Lan: ornithologist and evolutionary zoolo-

gist. 

Goethe, Johann Wolfgang von (1749–1832): German writer, art-

ist, and politician. 

Goodale, Christine: American ecologist and evolutionary biolo-

gist. 

Goodall, Jane (1934–): English primatologist, best known for her 

45-year study of the social life of chimpanzees. 

Gosling, Samuel D.: American social psychologist. 

Gotelli, Nicholas J.: American biologist, interested in the organ-

ization of animal and plant communities. 

Gotti, John (1940–2002): American mobster who became the 

boss of the Gambino crime family, based in New York City. 

Unlike his peers, reticent to be in the public eye, Gotti was 

flamboyant. 

Gould, Carol G.: American ethologist and evolutionary biologist. 

Gould, James L.: American ethologist and evolutionary biolo-

gist. 

Grainger, Jonathan: French psychologist. 
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Gram, Hans Christian (1850–1938): Danish scientist who de-

vised Gram staining, along with Carl Friedländer. 

Gray, Asa (1810–1888): American botanist. 

Greenberg, Joel: American naturalist and ornithologist. 

Griffin, Donald R. (1915–2003): American zoologist; insightful 

author of several excellent books, including Animal Minds 

(2001). 

Gruntman, Michal: German botanist. 

Guillod, Benoit P.: Swiss climatologist. 

Güntürkün, Onur: Turkish psychologist. 

Haag, Karen L.: Swiss zoologist. 

Hadany, Lilach: Israeli botanist. 

Hadley, George (1685 –1768): English lawyer and amateur mete-

orologist who explained the gyre of the trade winds in 1735. 

The Hadley cell is named after him. 

Haeckel, Ernst (1834–1919): German zoologist and natural phi-

losopher who conceptualized biological diversity as an evolu-

tionary tree of life. 

Hall, Brian K. (1941–): Canadian biologist. 

Haller, George: American mathematician, interested in nonlin-

ear dynamics. 

Hallgrímsson, Benedikt: Icelandic biologist. 

Hamann, Emmo: German marine microbiologist. 

Hamilton, William Rowan (1805–1865): Irish mathematician. 

Hammurabi (1810–1750 BCE): 6th king of the 1st Babylonian 

Dynasty (1792–1750 BCE). 

Han, Sarah I.: American zoologist. 

Hankison, Shala J.: American zoologist, interested in animal 

behavior. 

Hanlon, Roger: American marine biologist, interested in camou-

flage. 

Harding, Emma J.: English zoologist. 

Hare, Brian: American evolutionary anthropologist. 

Hartline, Peter H.: American neurobiologist. 
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Haskins, Caryl (1908–2001): ambitious American entomologist 

who established his own research laboratory, with studies in 

microbiology, radiation physics, genetics, and nutrition. 

Haslam, Michael: English archeologist. 

Haun, Daniel (1977–): German psychologist, interested in ape 

and human child cognition. 

Hawkesworth, Chris J.: English geologist, interested in tecton-

ics. 

Hawksworth, David (1946–): English mycologist and lichenolo-

gist. 

Haun, Daniel (1977–): German psychologist, interested in ape 

and human child cognition. 

Hayashi, Morito: Japanese invertebrate zoologist. 

Hays, Graeme C.: Australian marine biologist. 

Head, Megen: English evolutionary biologist. 

Hedin, Lars O.: American evolutionary biologist and biogeo-

chemist, interested in ecosystems. 

Heldwein, Ekaterina E.: microbiologist and biochemist. 

Hendrix, Jimi (1942–1970): American musician, renowned gui-

tar player. 

Henneberg, Maciej: Australian biologist, interested in compara-

tive anatomy and human evolution. 

Henning, Tilo: German botanist. 

Herring, Matthew: Australian ecologist. 

Hetzer, Martin W.: American cytologist. 

Hillyard, Paul: English arachnologist. 

Hines, Pamela J.: American biologist and science writer. 

Hippocrates (460–370 BCE): ancient Greek physician; considered 

the father of western medicine. 

Hittinger, Chris Todd: American geneticist. 

Hoare, Ben: English zoologist. 

Hodge, Angela: English botanist. 

Hodos, William: American biologist. 

Hofmann, Albert (1906–2008): Swiss chemist fascinated with 

psychotropic substances; first to synthesize and enjoy LSD. 

Hojo, Masaru: Japanese ecologist. 
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Holdridge, Leslie R. (1907–1999): American botanist and clima-

tologist who developed a biome classification using life zones 

which were based upon soil type and dominant plants. 

Holland, Jennifer S.: American author. 

Hölldobler, Bert (1936–): American entomologist who studies 

ants. 

Holtmann, Benedikt: German zoologist, interested in animal be-

havior, especially responses to environmental change. 

Holtzman, David A.: American neurobiologist. 

Hooke, Robert (1635–1703): English natural philosopher, archi-

tect, and polymath. 

Hopkins, William D.: American psychologist.  

Houghton, Jonathan D.R.: Irish marine biologist. 

Houldcroft, Charlotte J.: English virologist. 

Howard, Scarlett R.: Australian zoologist, interested in the nu-

meric capabilities of honeybees. 

Huang, Casey (aka KC): Chinese American bioengineer. 

Huchon, Dorothée: Israeli molecular phylogeneticist. 

Hug, Laura A.: Canadian microbiologist. 

Hughes, Brent B.: American ecologist and evolutionary biologist. 

Hughes, David P.: American entomologist. 

Hutchison, Bruce (1901–1992): Canadian author. 

Hutton, James (1726–1797): Scottish geologist who concocted 

uniformitarianism. 

Huxley, Thomas Henry (1825–1895): English biologist and anat-

omist, known as "Darwin's Bulldog" for his staunch advocacy 

of Darwinian evolution. 

Hwa, Terence: American physicist and microbiologist. 

Igoshin, Oleg: Russian biologist interested in bacteria sociality. 

Ingrouille, Martin J.: English botanist. 

Ingwell, Laura L.: American biologist interested in plant vi-

ruses. 

Ioannou, Christos C.: English zoologist, interested in animal so-

ciality. 

Jaeggi, Adrian V.: Swiss anthropologist, interested in primate 

and human behavioral ecology. 
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Jansen, David: Swiss zoologist. 

Ji Lian Li: Chinese entomologist. 

Jintao Liu: Chinese microbiologist. 

Jobs, Steve (1955–2011): American computer marketeer. 

Johnsen, Sönke: American zoologist, interested in sensory ecol-

ogy. 

Johnson, Mark A.: American cytologist. 

Joule, James Prescott (1818–1889): English physicist, mathema-

tician, and brewer who studied the nature of heat, and dis-

covered it as a form of energy (i.e., mechanical work), which 

led to the conservation of energy law.  

Joy, Jeffrey B.: Canadian evolutionary biologist. 

Kaiser, Dale: American developmental biologist. 

Kalan, Ammie: Canadian primatologist. 

Kallmeyer, Jens: German oceanographer, geomicrobiologist, and 

geochemist. 

Kamoun, Sophien (1965–): Tunisian botanist, interested in plant 

pathogens. 

Kaspar, Rachael E.: American entomologist, interested in hon-

eybees. 

Kausche, Gustav: German biologist, interested in viruses. 

Keeling, Patrick J.: Canadian microbiologist and botanist. 

Kelley, Lee Charles: American novelist and dog trainer. 

Kennedy, Patrick: English evolutionary biologist. 

Kerr, Richard A.: American science writer. 

Keyes, Frances Parkinson (1885–1970): American novelist. 

Kilner, Rebecca: English zoologist. 

King, Scott D.: American geophysicist. 

Kirkman, Thomas P. (1806–1895): English mathematician and 

Anglican minister. 

Kirschvink, Joseph L. (Joe): American geobiologist, interested in 

magnetism. 

Klein, Tamir: Swiss botanist. 

Kleinhappel, Tanja K.: Austrian ethologist. 

Kokko, Hanna: Australian mathematical ecologist. 
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Komdeur, Jan: Dutch ornithologist. 

Körner, Christian: Swiss botanist. 

Kovalevsky, Alexander O. (1840–1901): Russian biologist who 

discovered primary cilium. 

Kret, Mariska E.: Dutch cognitive psychologist. 

Krutch, Joseph Wood (1893–1970): American naturalist. 

Krützen, Michael: zoologist studying the social evolution of pri-

mates and cetaceans. 

Künzler, Markus: Swiss microbiologist. 

Kuroda, Kumi O.: Japanese social behaviorist. 

Kurths, Jürgen (1953–): German physicist and mathematician. 

Kuwada, Nathan: American microbiologist and physicist. 

Labrie, Simon J.: Canadian microbiologist. 

Laidre, Mark E.: American biologist, interested in behavior, 

ecology, and evolution. 

Lake, James A. (1941–): American evolutionary biologist. 

Lakshmi, K.V.: Indian molecular biologist. 

Laliberté, Etienne: Canadian plant ecologist. 

Landy, Arthur: American molecular biologist, cytologist, and bi-

ochemist. 

Lao Tzu (6th century BCE): Chinese philosopher; inadvertent 

founder of Daoism, which teaches reverence of Nature, the 

value of patience, and a path to judicious living. 

Latreille, Pierre André (1762–1833): French zoologist, specializ-

ing in arthropods. Latreille was considered the foremost en-

tomologist of his day.  

Lau, Jennifer A.: American botanist. 

Leal, Manuel: American zoologist. 

Leavens, David A.: English psychologist. 

Lederberg, Josua (1925–2008): American molecular biologist 

who discovered bacterial conjugation with Edward Tatum. 

Lee, Ann (1736–1784) (aka Mother Ann Lee): the leader of a 

group of Shakers which emigrated from England to New 

York in 1774. 

Lenton, Timothy M. (1973–): English Earth scientist, interested 

in climate change. 
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Levey, Douglas J.: American evolutionary ecologist. 

Lewejohann, Lars: German behavioral zoologist. 

Li, Rong: American molecular biologist. 

Liebig, Justus von (1803–1873): German chemist, considered the 

founder of organic chemistry. Liebig was especially inter-

ested in agricultural and biological chemistry and has been 

credited as the "father of the fertilizer industry." 

Liker, András: Hungarian ornithologist. 

Lim, Wendell A.: cytologist. 

Linden, Eugene (1947–): American writer. 

Linnaeus, Carl (1707–1778): Swedish botanist, physician, and 

zoologist who is widely considered the father of taxonomy, 

despite numerous wrong guesses, including lumping amphib-

ians and reptiles together as a single class. 

Lis, Halina: Israeli biochemist. 

Lloyd, Karen G.: American microbiologist. 

Lord, Kathryn: American zoologist, interested in dogs. 

Lorenz, Konrad (1903–1989): Austrian zoologist. 

Losick, Richard: American molecular and cytologist. 

Lovell, P. George: English zoologist. 

Lovelock, James (1919–): English naturalist and inventor, 

known for his Gaia theory. 

Lowe, Christopher D.: English ecologist. 

Lukas, Dieter: English ethologist. 

Lukhtanov, Vladimir A.: Russian zoologist. 

Lyell, Charles (1979–1875): Scottish lawyer and geologist. Lyell 

popularized James Hutton's notions of uniformitarianism. 

MacLean, Paul (1913–2007): American physician and neurobiol-

ogist who proposed triune brain tripe. 

Magnol, Pierre (1638–1715): French botanist. 

Maharaj, Nisargadatta (1897–1981): Indian guru. 

Malraux, André (1901–1976): French novelist, art theorist, and 

nihilist. 

The greatest mystery is not that we have been flung at random 
between this profusion of matter and the stars, but that within 
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this prison we can draw from ourselves images powerful 
enough to deny our nothingness. ~ André Malraux 

Manning, Aubrey (1930–): English zoologist and broadcaster. 

Marcy, William Learned (1786–1857): American politician. 

Margulis, Lynn (born Lynn Petra Alexander) (1938–2011): 

American evolutionary theorist, science writer, and educator 

who emphasized the importance of symbiosis in biological 

evolution. 

Martin, Patrick: American biochemist. 

Martin, Paul: American biologist. 

Marx, Karl (1818–1883): Prussian German historian, sociologist, 

and economist, best known as a proponent of (scientific) so-

cialism: social ownership and cooperative economic manage-

ment. 

Massen, Jorg J.M.: Dutch zoologist. 

Mather, Jennifer: Canadian zoologist and psychologist, inter-

ested in the behavior of octopuses and squid. 

Marzluff, John: American ornithologist and ethologist. 

Maturana, Humberto: Chilean biologist. 

McAlpin, Steve: Australian zoologist. 

McFarland, David: English zoologist. 

McInnes, Julie: Australian marine biologist. 

McKenna, Terence (1946–2000): American ethnobotanist. 

McPhaden, Michael J.: American physical oceanographer. 

Mead, Margaret (1901–1978): American cultural anthropologist. 

Mead championed broader sexual mores than those accepted 

in her society at the time. Mead was a lesbian and an Angli-

can Christian. 

Mee, Michael T.: American microbiologist. 

Meehan, Christopher J.: American biologist. 

Melis, Alicia P.: English psychologist, sociologist, and primatol-

ogist. 

Miescher, Friedrich (1844–1895): Swiss physician and biologist 

who first identified nucleic acid. 

Meissner, Carl F.W. (1800–1874): Swiss chemist. 

Mendl, Michael: English zoologist. 
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Michener, Charles D. (1918–2015): American entomologist, ex-

pert about bees. Michener influenced Edward O. Wilson on 

his sociobiology theories. 

Miescher, Friedrich (1844–1895): Swiss physician and biologist 

who first identified nucleic acid. 

Milanković, Milutin (1879–1958): Serbian geophysicist who sug-

gested long-term climatic changes based upon Earth's cosmo-

logical movements, known as Milankovitch cycles. 

Milanković was also a mathematician, astronomer, climatol-

ogist, civil engineer, and popularizer of science. 

Milius, Susan: American life sciences writer. 

Miller, Nathan G.: American biologist. 

Miller, Roger (1936–1992): American musician, best known for 

the mid-1960s country/pop hits "King of the Road," "Dang 

Me," and "England Swings." 

Mirwan, Hamida B.: Canadian zoologist. 

Miyagi, Lowell: Japanese American geologist. 

Mohorovičić Andrija (1857–1936): Croatian seismologist and 

meteorologist who discovered the Moho discontinuity. 

Mohorovičić was a founder of modern seismology. 

Moineau, Sylvain: French virologist. 

Montoya, José M.: Spanish biologist. 

Moore, Janice: American biologist. 

Moran, Mary Ann: American marine biologist. 

Morris, Desmond (1928–): English zoologist and ethologist. 

Mortimer, Beth: English zoologist. 

Morton, A. Jennifer: English zoologist. 

Moss, Cynthia: American neuroethologist. 

Muijres, Florian: Dutch biomechanist. 

Müller, Johannes Peter (1801–1858): German physiologist, most 

impressively known for his ability to synthesize knowledge. 

Müller's book Elements of Physiology initiated a new phase 

in the study of physiology, drawing from several previously 

distinct disciplines. 

Müller, Rolf: German biologist. 

Munshi-South, Jason: American zoologist, interested in the en-

vironmental impact of humans. 
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Murthy, Mala: American molecular biologist. 

Nakayama, Shinnosuke: Japanese biologist, interested in be-

havioral and evolutionary ecology, especially how social en-

vironments affect behavior. 

Nasir, Arshan: Pakistani virologist. 

Nelson, David C.: American botanist. 

Nieder, Andreas: German zoologist and neurobiologist. 

Nietzsche, Friedrich (1844–1900): German philosopher that em-

braced existentialism and nihilism. Existentialism expounds 

individual experience as the proper path to understanding. 

Nihilism posits that life is subjectively valuated. 

Niklas, Karl J. (1948–): American botanist. 

Nishimura, Marc T.: American biologist. 

Nobel, Alfred (1833–1896): Swedish inventor (dynamite and 

other explosives), arms dealer, and major polluter through oil 

exploration. Fondly remembered for his philanthropy in es-

tablishing annual international prize competitions. 

Norris, Ryan: Canadian ecologist. 

Northen Trent R.: American microbiologist. 

Nyffeler, Martin: Swiss zoologist. 

Oh, Kevin P.: American evolutionary biologist, studying sexual 

selection. 

Onuchic, José: biological physicist. 

Orrock, John L.: American biologist. 

Ottesen, Elizabeth A.: American microbiologist. 

Owen, Richard (1804–1892): English naturalist, comparative 

anatomist, and paleontologist who first identified dinosaurs, 

coining the term Dinosauria (meaning "terrible reptile"). 

Owen criticized contemporary Charles Darwin for his sim-

plistic hypotheses of evolution. Owen's approach anticipated 

modern evolutionary developmental biology. 

Paige, Ken N.: American biologist. 

Palagi, Elisabetta: Italian primatologist. 

Palahniuk, Chuck (1962–): American writer, best known for his 

novels Fight Club and Choke. 

Palumbi, Stephen R.: American marine ecologist. 
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Papazian, Stefano: Swedish botanist, interested in plant physi-

ology. 

Paracelsus (1493–1541): Swiss German physician, botanist, al-

chemist, and occultist. 

Parfrey, Laura Wegener: Canadian bioscientist. 

Paris, Matthew (~1200–1259): English Benedictine monk and 

chronicler of his times. Paris was also an illustrator and car-

tographer. 

Park, Soyoung Q.: Korean cognitive psychologist. 

Parr, Catherine L. ("Kate"): English ecologist, entomologist, and 

zoologist. 

Pasteur, Louis (1822–1895): French chemist and microbiologist, 

renowned for his discoveries of the principles of vaccination, 

fermentation, and pasteurization. Pasteur is credited with 

breakthroughs in understanding the causes and prevention 

of infectious diseases. Pasteur's experiments supported the 

germ theory of disease: that pathogenic microorganisms 

cause many diseases. Pasteur created the first vaccines for 

anthrax and rabies. Pasteur is famous for inventing pasteur-

ization: heating liquid food to retard spoilage. Unlike sterili-

zation, which adversely affects food quality by killing all 

microbes, pasteurization aims to reduce the pathogen popu-

lation, not eliminate it. 

Patterson, Francine (1947–): American psychologist who taught 

Koko sign language. 

Paul, Elizabeth S.: English zoologist. 

Pedanius Dioscorides (40–90): ancient Greek pharmacologist 

who authored De Materia Medica, a 5-volume pharmacopeia 

featuring 600 medicinal plants. This encyclopedia was widely 

read for 1,500 years. 

Peleg, Oren: American mechanical engineer. 

Perry, Clint J.: Australian zoologist. 

Perry, Susan: American primatologist. 

Peters, J.M.: American evolutionary biologist. 

Pfankuch, Edgar: German biologist, interested in viruses. 

Pfennig, David W.: American biologist, interested in ecology, 

ethology, and evolution. 

Phillips, Helen: English science writer. 
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Piatt, John F.: American wildlife biologist. 

Plato (~427–347 BCE): influential Greek philosopher and mathe-

matician, including through influence on his student Aristo-

tle. Plato espoused knowledge as received wisdom, and of a 

dichotomy between the appearance of reality (actuality) and 

reality itself. 

Pocock, Michael J.O.: English ecologist. 

Poelman, Erik H.: Dutch entomologist. 

Pohnert, Georg: German biologist and biochemist, interested in 

plankton. 

Postgate, John: English microbiologist. 

Powell, Brian J.: American zoologist. 

Prasad, Alka: American immunologist and physician. 

Prather, Kimberly: American biochemist. 

Pratt, Stephen: American biologist. 

Pringle, Robert: American ecologist and evolutionary biologist. 

Prospero, Joseph M.: American meteorologist. 

Proust, Marcel (1871–1922): French novelist. 

Psaltis, Demetri: Greek American electrical engineer. 

Ptacek, Margaret B.: American biologist, interested in behav-

ioral ecology, population genetics, and speciation. 

Qiang He: Chinese botanist. 

Qimron, Udi: Israeli microbiologist. 

Radford, Andrew: English ethologist, interested in the vocaliza-

tions of social animals, and in the impact of human noise. 

Raffles, Stamford (1781–1826): British imperialist. 

Raihani, Nichola J.: English zoologist. 

Ratnieks, Francis: English entomologist, interested in honeybee 

behavior. 

Rawlinson, Nicholas: Australian geophysicist. 

Rawls, John: American molecular geneticist. 

Ray, John (1627–1705): English naturalist and Anglican parson. 

Raymond, Ben: English microbiologist, interested in microbial 

evolution, cooperation, and microbe-host interactions. 



 People  1075 
 

Rekdal, Ole Bjørn: Norwegian sociologist, interested in educa-

tion. 

Relman, David A.: American microbiologist and immunologist. 

Rivinus, Augustus Quirinus (1652–1723): German physician and 

botanist who evolved botanical classification. 

Robert, Théo: English zoologist. 

Roberts, William: Canadian psychologist. 

Robinson, Douglas: American cytologist. 

Robinson, Gene E.: American entomologist and geneticist. 

Rodriguez-Cabal, Mariano A.: American ecological zoologist. 

Roger, Andrew J.: English evolutionary biologist. 

Rohwer, Forest: American virologist. 

Romanes, George (1848–1894): Canadian Scot evolutionary biol-

ogist and physiologist who coined the term neo-Darwinism to 

apply to hypotheses which updated Darwinism. 

Römling, Ute: Swedish microbiologist. 

Roots, Clive: English zoologist and science writer. 

Rosati, Alexandra G.: American psychologist. 

Rosenthal, Joshua: American neurobiologist, interested in ceph-

alopod self-genic editing.  

Ross, Stephen: American primatologist. 

Rossini, Gioachino (1792–1868): Italian composer of 39 operas, 

as well as a variety of other music. 

Rout, Marnie E.: American botanist. 

Rowley, David B.: American geophysicist. 

Røy, Hans: Danish aquatic microbiologist. 

Rubi, Tricia: American ethologist, interested in ecological epi-

genetics. 

Rubner, Max (1854–1932): German physiologist and hygienist 

who studied the relative rate of metabolism and its relation 

to life-history variables in animals. 

Ruggiero, Michael A.: American taxonomist. 

Ruska, Helmut (1908–1973): German physician and biologist, in-

terested in viruses. Ruska invented the electron microscope. 

Sadanandom, Ari: Indian-British botanist. 
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Sagan, Carl E. (1934–1996): American astronomer and science 

writer, interested in extraterrestrial life. 

Sánchez-Macouzet, Oscar: Mexican ornithologist. 

Sanderson, Ivan T. (1911–1973): Scottish biologist. 

Sandys, Edwin (1519–1588): English Anglican bishop. 

Sato, Takuya: Japanese zoologist. 

Schaik, Carel P. van (1953–): Dutch primatologist. 

Scanlan, David: English marine microbiologist. 

Scheres, Ben: Dutch biologist. 

Schiestl, Florian P.: Swiss botanist. 

Schoggins, John W.: American virologist. 

Schulze-Lefert, Paul: German botanist. 

Schmidt, Matthew: American geological oceanographer. 

Schmitz, Ingo: German microbiologist. 

Scott, Catherine: Canadian zoologist. 

Schönrogge, Karsten: English entomologist. 

Schürch, Roger: Swiss ethologist. 

Schuster, Stefan: German marine biologist. 

Sentenská, Lenka: Czech arachnologist. 

Sertürner, Friedrich (1783–1841): German pharmacist who dis-

covered morphine. 

Seyfarth, Robert M.: American psychologist. 

Shakespeare, William (1564–1616): English playwright and 

poet, widely regarded as the greatest writer in the English 

language. Shakespeare wrote 38 plays, 2 long narrative po-

ems, and 154 sonnets. 

Shannon, Erica K.: American cytologist. 

Shapiro, James A.: American molecular biologist and bacterial 

genetics maven. 

Sharon, Nathan (1925–2011): Israeli biochemist. 

Shaw, George Bernard (1856–1950): Irish playwright. 

Sheng Yang He: Chinese botanist. 
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Shénnóng: fabled Chinese emperor who supposedly lived ~2,800 

BCE (attributed life dates vary by source). Known as the Em-

peror of the Five Grains, Shénnóng reputedly taught the Chi-

nese basic agriculture and the use of medicinal plants. 

Sherman, Paul W.: American biologist, interested in the social 

and reproductive behaviors of animals. 

Shillington, Donna J.: American Earth scientist, interested in 

tectonics. 

Short, Lester L. (1933–): American ornithologist. 

Sifré, David: French geophysicist. 

Silk, Wendy Kuhn: American botanist. 

Simpson, Alastair G.B.: English evolutionary biologist. 

Simpson, Homer: a lead character in the American cartoon TV 

series about the Simpson family, entitled The Simpsons. 

Skupin, Alexander: Luxembourger biologist. 

Smith, Ashley (1978–): American author. 

Smith, Alison M.: English botanist. 

Smith, David J.: American biologist. 

Smith, Gregory A.: American immunologist and microbiologist.  

Smith, Stevie (born Florence Margaret Smith) (1902–1971): 

English poet and novelist. 

Socrates (469–399 BCE): Athenian Greek philosopher, interested 

in ethics. 

Sokołowska, Katarzyna: Polish botanist. 

Somvanshi, Vishal S.: Indian bacteriologist and geneticist. 

Sorek, Rotem: Israeli molecular geneticist, interested in bacteri-

ophage strategies and epigenetic regulation in microbes. 

Soulsbury, Carl D.: English zoologist. 

Southworth, Darlene: American botanist. 

Spottiswoode, Claire N.: English ethologist. 

Stankowich, Ted: American ethologist. 

Stanley, Wendell (1904–1971): American biochemist and virolo-

gist. 

Stark, Alyssa Y.: American zoologist, interested in the func-

tional morphology of animals. 

Stark, John M.: American biologist and ecologist. 
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Stegemann, Sandra: Belgian biochemist. 

Stenhammar, Joakim: Swedish physical chemist. 

Stevens, Martin: English zoologist, interested in sensory ecology 

and evolution, especially vision and adaptive coloration. 

Stocker, Roman: American microbial ecologist. 

Stoddard, Mary Caswell: American evolutionary biologist and 

ethologist, interested in birds. 

Stoeckle, Mark: American ethologist. 

Stow, Adam: Australian zoologist. 

Striker, Gustavo Gabriel: Argentinian botanist. 

Strona, Giovanni: Italian ecologist and biogeographer. 

Strycker, Noah: American ornithologist. 

Süel, Gürol M.: American biologist, interested in biofilms. 

Suess, Eduard (1831–1914): English geologist who was a pioneer 

in appreciating ecology. 

Sun Tzu (6th century BCE): Chinese military general, strategist 

and philosopher, famous for the war strategy book The Art of 

War, though the book was completed well after his time. Sun 

Tzu probably provided the core strategic concepts. 

Suttle, Curtis A.: American biochemist. 

Szent-Gyorgyi, Albert (1893–1986): Hungarian physiologist who 

discovered vitamin C. 

Taga, Michiko E.: American botanist and microbiologist. 

Tarpy, David R.: American entomologist. 

Tatum, Edward L. (1909–1975): American geneticist who discov-

ered bacterial conjugation with Josua Lederberg. 

Taylor, Alex H.: English corvid researcher. 

Taylor, John R.: English physicist. 

Theis, Kevin R.: American behavioral, microbial, community, 

and evolutionary ecologist. 

Theophrastus (371–287 BCE): Greek botanist. 

Thomas, Roger K.: American psychologist. 

Thompson, Faye: English zoologist. 

Thorogood, Rose: English zoologist, interested in behavioral 

ecology. 
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Thurber, Rebecca Vega: American virologist. 

Tilman, G. David (1949–): American ecologist. 

Timmermans, Marja: German plant geneticist. 

Tizo-Pedroso, Everton: Brazilian ecologist. 

Tolman, Edward C. (1886–1959): American psychologist; a be-

haviorist who studied how rats learn to navigate mazes. 

Tongda Xu: Chinese botanist. 

Toyooka, Kiminori: Japanese botanist. 

Toyota, Masatsugu: Japanese molecular biologist. 

Traynor, Kirsten S.: American entomologist. 

Trewavas, Anthony J. (1939–): English botanist and molecular 

biologist, interested in plant behavior and intelligence. 

Trivers, Robert L. (1943–): American evolutionary biologist and 

sociobiologist. 

Trull, Sam: American zoologist, interested in sloths. 

Turner, J. Scott: American zoologist. 

Twombly, Saran: American environmental biologist. 

Tylor, Edward (1832–1917): English anthropologist who be-

lieved that there was a biologic functional basis for human 

society and religion. 

Tyutchev, Fyodor (1803–1873): Russian poet. 

Vail, Alexander L.: English zoologist. 

Van Aken, Olivier: Australian botanist, molecular biologist, and 

geneticist. 

van Dam, Nicole: Dutch botanist. 

van der Heijden, Marcel G.A. (1931–): Swiss evolutionary biolo-

gist. 

van der Putten, Wim H.: Dutch terrestrial ecologist. 

van der Waals, Johannes Diderik (1837–1923): Dutch theoretical 

physicist and thermodynamicist, known for his work on the 

states of gases and liquids. 

van Leeuwen, Edwin J.C.: Dutch primatologist, interested in the 

social relationships and behavioral flexibility of non-human 

primates. 

van Leeuwenhoek, Antonie Philips (1632–1723): Dutch trades-

man and microscope maker; discoverer of microbes. 
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van Schaik, Carel P. (1953–): Dutch primatologist. 

Varela, Francisco: Chilean biologist. 

Vaudo, Anthony: American entomologist, interested in bumble-

bees. 

Veit, Lena: German neurobiologist. 

Veits, Marine: Israeli botanist. 

Venkataraman, Vivek V.: Indian primatologist. 

Vivanco, Jorge M.: biologist, interested in the rhizosphere. 

Voelkl, Bernhard: Austrian zoologist. 

Vogel, David: American biologist. 

Vogel, Steven (1940–2015): American zoologist and biomecha-

nist. 

Vermeij, Geerat J. (1946–): Dutch evolutionary biologist and 

paleontologist. 

Villion, Manuela: French virologist. 

Voliotis, Margaritis: English computational biologist. 

von Bayern, Auguste M.P.: German zoologist. 

von Goethe, Johann Wolfgang (1749–1832): German writer, art-

ist, and politician. 

von Liebig, Justus: German chemist. 

von Wirén, Nicolaus: German botanist. 

Vyas, Ajai: Singaporean biologist. 

Wagner, Doris: American microbiologist, interested in floral de-

velopment regimes. 

Walker, Gilbert T. (1868–1958): English physicist and statisti-

cian who discovered the meteorological gyre called the 

Walker circulation. 

Wallace, Alfred Russel (1823–1913): English naturalist and ex-

plorer who contemplated evolution contemporaneously with 

Darwin. 

Walsh, Carolyn: Canadian psychologist and ethologist. 

Walter, Heinrich (1898–1989): German ecologist who developed 

a terrestrial biome scheme in 1976. 

Ward, Peter: American marine biologist and paleontologist. 

Wasserman, Ed: American psychologist. 
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Waterton, Charles (1782–1865): English naturalist. 

Watson, David M.: Australian ecologist, interested in biodiver-

sity. 

Watt, James (1736–1819): Scottish inventor, mechanical engi-

neer, and chemist who advanced steam engine technology 

and developed the concept of horsepower as a measure of me-

chanical power. 

Watzlawick, Paul: American communication scholar. 

Webster, Joanne P.: English parasite epidemiologist. 

Webster, John (1580–1634): English dramatist. 

Weiditz, Hans (1495–1537): German woodcut artist, best known 

for his lively portrayals of ordinary people. 

West, Stuart A.: English microbiologist. 

Westwood, James H.: American plant pathologist. 

Whitaker, Rachel: American microbiologist. 

White, James F. Jr.: American botanist. 

Whitehead, Hal: Canadian zoologist, enthusiastic about marine 

biology. 

Whitham, Thomas G.: American biologist. 

Whittaker, Robert H. (1920–1980): American plant ecologist who 

developed a terrestrial biome scheme in the late 1950s. 

Wick, Lukas Y.: Swiss environmental microbiologist. 

Wilkins, John S.: Australian historian and science philosopher. 

William of Ockham (or Occam) (~1287–1347): English Francis-

can friar and scholastic philosopher; one of the major figures 

in medieval scholarship. 

Williams, George C. (1926–2010): American evolutionary biolo-

gist who posited the grandmother hypothesis for menopause 

in 1957. 

Williams, Robley C. (1908–1995): American virologist and bio-

physicist. 

Willis, Charles G.: American evolutionary ecologist. 

Wilson, Edward O. (1929–): American biologist and ethologist; 

known as the father of sociobiology. 

Winston, Mark L.: Canadian entomologist, interested in honey-

bees. 
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Wisenden, Brian: American ichthyologist. 

Withrow, James M.: American entomologist. 

Woese, Carl (1928–2012): American microbiologist and physicist 

who declared archaea a new domain of life (distinct from bac-

teria) in 1977. 

Wöhler, Friedrich (1800–1882): German chemist who initiated 

modern organic chemistry with his synthesis of urea. Wöhler 

was also the first to isolate several chemical elements, 

including aluminum, beryllium, silicon, titanium, and 

yttrium. 

Woodgate, Joseph: English ethologist, interested in cognition. 

Woodroffe, Rosie: English zoologist. 

Wrangham, Richard (1948–): English primatologist. 

Wright Colin M.: American ethologist. 

Wyatt, Sarah E.: American botanist. 

Xianfeng Morgan Xu: Chinese molecular biologist. 

Xiao-yu Zheng: Chinese botanist. 

Yanoviak, Steven P.: American biologist. 

Yau, Sheree: microbiologist. 

Yeates, David: Australian entomologist. 

Yosef, Ido: Israeli microbiologist. 

Yoshida, Saiko: Japanese botanist. 

Youk, Hyun: Korean cytologist. 

Young, Bruce: American biologist, physical therapist, and bio-

medical engineer, interested in snakes. 

Young, Nevin: American plant pathologist. 

Zahn, Laura M.: American botanist. 

Zentall, Thomas: American zoologist and psychologist. 

Zeqing Ma: Chinese botanist. 

Zerkle, Aubrey L.: Scottish biogeochemist. 

Zhao-Qing Luo: Chinese biologist. 

Zheng-Hui He: Chinese botanist. 

Zielinski, Sarah: American biologist, interested in marine biol-

ogy. 

Zink, Andrew G.: American ethologist. 
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Zipfel, Cyril: French botanist. 

Zöttl, Markus: Austrian zoologist. 

Zwaka, Hanna: German entomologist, interested in honeybees. 
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leaf warblers, 26 
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migration, 689 

mockingbirds, 554 

murres, 726 
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nightingales, 44 
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nutcrackers, 684 

owls, 544 

mating, 712 

oystercatchers, 155 

parrots, 558, 559, 853 
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Alex, 560 

peacocks, 46 

pelicans, 792 

penguins, 155, 556, 566 

pigeons, 859 

planning, 568 

puffbirds, 569 

quail, 683 

queleas, 537 

robins, 566, 567 

seasonal changes, 545 

secretary bird, 525 

senses, 542 

hearing, 544 

sight, 542 

sociality, 549 

songbirds, 536, 551, 558 

sparrows, 554, 786 

song, 554, 557 

starlings, 709 

swans, 712 

Tasmanian native hen, 715 

territoriality, 563 

advantages, 564 

defenses, 564 

thrushes, 850 

tits, 678, 712, 768, 806 

tool use, 850 

turacos, 538 

turkeys, 716 

urban, 556 

village weavers, 837 

vireos, 696 

wagtails, 565 

warblers, 691, 708 

warning calls, 30 

widowbirds, 786 

woodpeckers, 730, 741 

zebra finches, 698 

cephalopods 

clubhook squid, 55 

Japetella octopi, 55 

vampire squid, 123 

clams, 134, 168, 222 

construction, 823 

convergent evolution 

brood parasites, 733 

flight, 541 

migration, 691 

coral, 34, 119, 132 

crabs, 173 

crustaceans 

crabs, 773, 824 

decorator crabs, 846 

pill bugs, 748 

shrimp, 707, 782, 785, 820 

woodlice, 748 

domestication, 806 

emotions, 746 

chemistry, 750 

jealousy, 765 

joy, 752 

self-comfort, 751 

fish 

anemone fish, 739 

anglerfish, 50 

archerfish, 847 

batfish, 167 

black dragonfish, 26 

characins, 700 

cichlids, 724, 732, 796 

cleaner fish, 10, 120 

gobies, 121 

wrasse, 120 

clownfish, 133 

cuttlefish, 58 

damselfish, 119 

darters, 732 

eels, 690 

electric eels, 31 

filefish, 57 

frankfish, 824 

gobies, 121 

lanternfish, 25 

lionfish, 790 

parental care, 717 

pike, 681 

rabbitfish, 779 
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salmon (Pacific), 111 

sardines, 141, 142 

sea stars, 858 

seahorses, 681 

shoals, 823 

Siamese fighting fish, 44 

snapper, 37 

swordtails, 46 

toadfish, 717 

trout, 820 

wrasse, 120 

wrasses, 445, 849 

flukes 

fish eye, 149 

frog lung, 145 

frogs, 46 

cane toads, 499 

parental care, 717 

strawberry poison, 724 

Túngara, 705 

generations, 698 

adoption, 731 

birthing, 716 

egg-laying, 717 

live birth, 721, 725 

families, 706 

homosexuality, 699 

infanticide, 738 

mating, 700 

birds, 708 

choice, 703 

cooperative breeding, 

715 

lekking, 705 

mung, 706 

menopause, 745 

parental care, 723, 742 

alloparenting, 728 

education, 736 

fish, 717 

mammal maternal 

bonding, 744 

milk, 742 

weaning, 744 

sex ratios, 707 

health care, 685 

grooming, 686 

medication, 687 

hydrozoa, 846 

insects, 446 

antlions, 835 

ants, 151, 164, 482, 823 

Azteca, 32 

British thief ant, 763 

castes, 483 

colonies without queens, 

485 

communication, 487 

sounds, 487 

dinosaur, 486 

farming, 131 

foraging, 677 

Forelius, 763 

Formica, 761 

funnel, 844 

honeypot, 762 

leafcutter 

fungus farming, 492 

hygiene, 494 

mold, 493 

looting, 763 

Matabele, 789 

meat, 498 

parastic, 802 

Pheidole, 761 

Pogonomyrmex, 763 

Ponerine, 761 

Pseudomyrmex, 131 

queens, 484 

shining black, 487 

slavery, 761 

suicide, 762 

supercolonies, 484 

war, 760 

weaver, 486, 495 

aphids, 268, 785 

assassin bugs, 845 

bean bugs, 130 
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bees, 31, 155, 455 

bumblebees, 477 

cuckoo, 736 

honeybees, 455, 795 

dancing, 470 

foraging, 468 

guard duty, 467 

hives, 473 

honey, 463 

honeycomb, 465 

intelligence, 475 

life cycle, 458 

wax, 464 

sweat bees, 795 

beet armyworms, 392 

beetles, 32, 46 

burying, 740 

dung, 696 

European turtle, 487 

rove, 487 

burrower bugs, 731 

butterflies, 8, 51 

Japanese Oakblue, 151 

monarch, 427, 694 

viceroy, 428 

caterpillars, 151, 266, 267 

cockroaches, 453 

colonies, 822 

crickets, 47, 706 

damselflies, 819 

development, 328 

dragonflies, 50, 452 

migration, 695 

morpho, 449 

earwigs, 723 

fairyflies, 451 

feet, 450 

fireflies, 24, 50 

flies, 155, 219 

blow flies, 118 

caddisflies, 825 

fruit flies, 818 

health care, 688 

houseflies, 818 

phorid, 32 

phorid flies, 491 

tsetse, 742 

vinegar, 773 

vinegar flies, 817 

grasshoppers, 183 

grooming, 686 

kudzu bug, 219 

leafcutter ants, 489 

leafworm caterpillars, 392 

locusts, 427 

metamorphosis, 448 

mosquitoes, 9 

moths, 33, 357 

camouflage, 55 

hawkmoths, 350 

hearing, 36 

Oriental fruit, 35 

potato bugs, 389 

scales, 32, 497 

strepsipterans, 153 

termites, 179, 500 

African, 503 

cities, 502 

fungus farming, 502 

tool use, 844 

wasps, 41, 150 

parasitoid, 266 

water bugs, 718, 740 

water striders, 9 

weevils, 49, 56 

wings, 448 

jellyfish, 121, 194, 821 

kinship, 41 

magnetic-field detection, 697 

mammals, 575 

Africa wild dogs, 40 

bats, 25, 676 

echolocation, 28 

hammer-headed, 705 

songs, 559 

vampire, 795 

cheetahs, 40 

deer, 45, 780, 787 
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dogs, 810 

African wild dogs, 731, 

783, 785, 797 

dolphins, 142 

elephant seals, 46 

elephants, 59, 590, 788 

communication, 597 

diet, 593 

Koshik, 598 

mirror test, 600 

psychology, 598 

senses, 592 

skin, 597 

sociality, 591 

teeth, 596 

trunks, 594 

tusks, 596 

gazelles, 39 

generations, 715 

giraffes, 587 

foraging, 676 

hippopotamuses, 166 

humans, 31 

hyenas, 37 

parental care, 743 

hyraxes, 47 

jackals, 714 

lionesses, 792 

margays, 50 

marine, 600 

captivity, 601 

dolphins, 604, 792 

intelligence, 606 

physiology, 605 

orca, 611 

sociality, 608 

pilot whales, 614 

sea otters, 602, 745 

marsupials 

mice, 704 

meerkats, 729 

milk, 743 

moles, 685 

mongooses, 855 

monkeys 

audience effect, 43 

capuchins, 687 

deception, 59 

mating, 714 

play, 11 

otters, giant, 792 

play, 757 

potoroo, 293 

primates, 614, 788 

apes, 644 

bonobos, 672 

Zuni, 797 

chimpanzees, 657 

communication, 660 

cooperation, 796, 

798 

culture, 670 

diet, 658 

emotions, 662 

Mama, 669 

medication, 688 

mirror test, 671 

parenting, 663 

personality, 662 

sociality, 664 

tool use, 658 

violence, 764 

gorillas, 651 

Koko, 656 

orangutans, 645 

Chantek, 650 

humans, 558, 571, 606, 

662, 666, 668, 700 

lemurs, 614 

monkeys, 617 

atelids, 629 

baboons, 640, 732, 

793, 798 

communication, 642 

diet, 640 

Ruby, 799 

sociality, 641 

callitrichids, 624 
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capuchins, 625, 797 

cebids, 625 

cercopithecines, 633 

classification, 618 

colobines, 631 

colobus, 632, 636 

communication, 621 

Dianas, 635 

diet, 619 

geladas, 781 

wolf domestication, 

643 

gibbons, 788 

guenons, 634 

habitats, 619 

howler, 629 

Japanese macaques, 

637 

Imo, 639 

langurs, 738 

mandrills, 744 

New World, 624 

night, 628 

Old World, 631 

patas, 634 

physiology, 620 

pithecids, 628 

proboscis, 632 

sociality, 621 

grooming, 622 

spider, 629 

squirrel, 627 

talapoins, 634 

variety, 618 

vervets, 636 

woolly, 630 

parental care, 743 

pumas, 778 

rodents, 575 

agouti, 422 

beavers, 840 

Cairo spiny mouse, 423 

grooming, 686 

mice, 714, 739 

prairie dogs, 583 

rats, 578 

sage rats, 42 

sand puppies, 581 

squirrels, 293, 576 

hoarding, 684 

voles, 293, 329, 686, 714 

ruminants, 219 

shrews, 685 

sloths, 135 

status sniff, 43 

stotting, 39 

tool use, 853 

topis, 59 

whales, 30 

wolverines, 854 

wolves, 162, 811 

migration, 689 

human incomprehension, 

694 

mirror test, 444 

mites, 35, 40 

octopuses, 504, 825 

personality, 765 

play, 11, 753 

Portuguese man o' war, 194 

prolactin, 737 

pseudoscorpions, 791 

reptiles, 509 

alligators, 140 

crocodiles, 720, 755, 792, 

850 

lizards, 47, 510 

autotomy, 516 

communication, 512 

food, 778 

geckos, 513 

Bradfield's Namib, 514 

iguanas, 802 

intelligence, 517 

lifestyles, 514 

mating, 515 

monitor, 518 

sight, 511 
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skinks, 836 

striped lava lizard, 515 

tails, 516 

whiptail, 778 

snakes, 518, 741 

anatomy, 518 

defenses, 527 

playing dead, 529 

diet, 523 

human fascination, 532 

intelligence, 532 

king cobra, 531, 720, 741 

kukri, 526 

locomotion, 523 

predators, 525 

reproduction, 530 

senses, 521 

infrared-sense, 522 

smell, 522 

skin, 520 

snake charming, 533 

temperature regulation, 

520 

tentacled, 525 

venom, 529 

taxonomy, 510 

turtles 

play, 755 

sea turtle, 698 

sea anemones, 132 

sea slugs, 34 

sex 

see generations, 698 

shrimp, 121 

sociality, 444, 771, 772 

altruism, 794 

coerced, 794 

cooperation, 789 

chimps, 796 

monkeys, 794 

costs & benefits, 774 

dominance, 784 

empathy, 794 

eusociality, 782 

feeding, 778 

friendship, 798 

interspecies, 799 

hierarchies, 784 

organization, 779 

harems, 780 

matriarchies, 781 

pair bonds, 779 

protection, 777 

violence, 759 

gender, 759 

rape, 764 

spiders, 826 

alloparenting, 728 

bolas, 834 

brains, 827 

comb-foot, 770 

common house, 832 

Darwin's bark, 831 

jumping, 35, 51 

mating, 702 

orb-weaving, 8 

personality, 769 

silk, 828 

sociality, 769 

sustenance, 680 

tangle web, 150 

triangle-weaver, 832 

water, 834 

webs, 830 

sustenance, 675 

caches, 684 

colonial intelligence, 679 

foraging, 675 

predation, 680 

tardigrades, 441 

worms 

bristle, 824 

flatworms, 220 

glowworms, 24 

hairworms, 168 

nematodes, 33, 130, 151, 

441 

palolo, 693 
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tube worms, 222 

worm charming, 805 

biosphere, 60 

atmosphere, 63 

circulation, 68 

climate, 61, 71 

cycles, 104 

El Niño, 106 

La Niña, 109 

clouds, 74, 207 

dust, 71 

Bodélé Depression, 72 

Lake Chad, 71 

Sahara Desert, 73 

exosphere, 65 

mesosphere, 66 

stratosphere, 66 

polar vortex, 66 

thermosphere, 65 

troposphere, 67 

weather, 71 

biodiversity, 175 

biomes, 62 
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