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PREFACE

ITf I were anked to characterize the living world in one word,

the word would be "paradoxical." A paradox is a conclusion which,
although posaibly true, appears not to follow logically from itn
premises, or a cituation incompatible with iitr aniecedents,
Papadoxet are inconrcictencien, conirarieties in the development

of a doctrine or a nsyntem, The living world, incongruounly replete
with beauty and ugliness, delight and terror, love and hatred,
coeperation and exploitation, life and death, is a Tabriec of
paradoxes,

The most glaring of nature's incongruities is the internecine
strife between organiome %that, from the leant %to0 the greateat,
have so much in common. The more intensively they are studijed,
the more similaritien are diasclosed, in geneiic control and
phyciological procensnen, between creatures that vary immennely
in form, habitat, and activitiea. The 1life and healih of each are
prerefved by a high degree of internal harpony among diverne
organs ana functions, yet their external relations are fregquently
far from harmonious,

To underctand this paradoxical rituation, we must look deeply
inte the nature of the Univerne, which, ar I explained in Life
Anscending (1985), ie pervaded by an unreni tting tendency to
arvange its materials in patterns of increansing amplitude, com-
plexity, and coherence - the process of harmonization that brings
order out of chaos., On a vast scale it har condensed great quan=-

titien of matter, originally prerent as intergalactic clouds of
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gases and dusit, inte stares, planeis, and their natelliten. I%

L

has set the planets in orbites areund the stare, the satelliten
in coursen around the planetrn, in dynamic syaitems so balanced
and ctable that, as in our solar system, they endure for long agesn.

On a msmall sncale, the rame procers ia evident in the union
of atoms in moleculen of innumerable kinda, and 1he aljgnment
of atonns or molecules in enduring cryrtals that are often of
seintillating eplendor. In the living world, the tendency of matter
to form patterns of increansing amplitude, complexiiy, and coherence
is most clearly revealed in the growth of organicms, even the
rimpler of which are of greater complexity, and more clonely
integrated, than anything of conmparable rize we can find in
inorganiec nature, The name procens ies apparent in the moral
endeavor to create harmoniously integrated societies, in the
efforts of thinkers to form coherent asystema of thought, and of
artincte to create beauty, We owe Lo harmonization all the valuen
“hat enhance exﬁistence anid make 1life worth living. It appears to
be a universal ciriving to enrich the cosmos by aciualizing
potentialities, thereby tran{:?orming pare Being teo full Being,
replete with high valuesn.

It s not difficult to understand how sirife and suffering
aroce in a world pervaded by a procens that iz primarily creative
and beneficent. Unguided creativity ie unresirajined by moderation.
It initjiates 5o many organirms that they compete ctubdvornly for

antt precerve
the cpace and materials that they need %o complete themnrelves,
with all the lamentable concequencesfr that we have noticed, Not
more creativity but more rertraint is the world's great need,

and this 15 nowhere more evident than in the human aphere.



In addition 2o thie major paradex, the living world
preaenin many minor ones, a few of which we examine in
this book. Among %them is the dual nature of animals, pro-
dueis of harmonious developmenti, depending for their
survival upon close adjustment to %their enviromments, ofien
dwelling in amity with other creaturesn, yei capable of auch
Tierce rivalyry and leihal vionlence - coniracsts nowhere more
glaring “‘han in humankind. Is it noi paradoxial that plants,
charply dintinguiched from animele by their adility %o
eynthesize their own food from inorganic matier ans ne
animal can de, should occcasionally “urn ‘he %tables and devour
anipals as, on an infinitely largey rcale, animale devousr
planta am well as other animalé?

Not the leant of the incongruitier ithat the living world
presents are revealed by a survey of ithe growtih of intelligence,
We might expect reason - the ability Lo <think, %o compare, to
forenee - 10 advance rieadily Trem humbleri rudimentanto Tull
maiurity, an a needling grows into a tree, an daylight brightens
fvom dawn's firctd glimmer “o noontide brilliance, “thereby
becoming a luminous guide to peaceful living. On %the conirary,
as our Tinal chapier tells, humans' fumbling efferis to urne
theiy inchoate rationaliiy have yielded mountaing of ervor
and been & major nource of absurd pracilces and widespread
suffering,

It 12 noi surprising that cerious atiemptis Lo undersiand a

confuring living world have led *to fantastic interpretations



widely accepted by biological orthodoxy. Prominent among thone
that claim our attention is the doeirine of ‘he "melfich gene,"
with its corellary that individual animales and planta never act
"for the good of the species," Presumably, survival is good;
rpecies continue to ru%vive; and what keeps them extant if not
the activities of the individuals that compone them? When we
refleet that anatomical rnimilaritiesn emong diverse animals, such
as primates, ungulates, bats, and birde, provide astrong evirdence
Tor evolution, fervently rupported by orthodex bielegirtn, it iz
puzzling to find them no vehemently rejecting cuggentiona of
posychiec renmemblances beitween man and other ereatures, which they
condenn ag anthrOpomorphism.?%nother acientific heresy in tele-
ology, the ancription of ends or purpose 4o any part of nature
except our very purposeful relves; as though, after a prolonged
purposeless preparation for humanity and its manifold material
and cpiritual needs, purpore cuddenly sprang up in the world
without antecedents, Fqually difficult to understand is ‘he wide-
cpread insictence that natural relection acte exclunmivelg upon
individuales, never upon populations or groups, apart from which
no cexually reproducing organism can propagate its kind.

A chapter comparer the consequencen of unilateral exploitation
with thore of cooperation among organisms, noticing “‘he many bene=
fits *that we owe %o the latter, whereas exploitation has been a
najor nource of life's illn. Finally, we arvive at the paradox
that humane, each separated from the surrounding world by a nkin
that protects hispﬁﬂ%%ﬁy adjusted vital procernnen from disanirous

intrusions and lethal losres, reach out beyond this inculating
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integument with love, sympathy, and %thirst for understanding

'/ +hat know no beimds,

Finally, we look at conservation, which is the effort %o
halt, or at least to retard, %the rapid deterioration of %he
paradoxical living world, rife with antagonisms and conflicts.
This growing enterprise is supported, vocally and ofien materially,
by people with contracting temperaments and opposing interentsa,
This lack of unanimiiy is not surprising in a movement that
enlinsts ~uch a diverrity of people commited ‘o the precservation
of msuch a perplexing world; conservation 15 not devoid of iia own
internal conflictn, Huntersa ~upport connervation o ensure a
continuing supply of targets for their gunn, while friends of
animals deplore their needless destruction. Many try to protect,
and even inecreane, the raptorns that prey heavily upon 4the birds,
enpecially Neoiropical migrantf, whose decline otheres deplore,
Some anncign priority to the precervation of habitats, wherean othern
are more concerned abouit the fate of npecieﬂ on the verge of ex-
tinction. To avoid conirary efforites and wante of inadequate fundn,
conservations need %o clarifly their objectives and agree upon
prioritims. In the lamt chapter, I suggenst a ecriterion for con-
servation that 15 objective in the senne of being independent of
individuals' preference of this or that category of organirne,
Widerpread adopiion of this criterion should greatly promote
the enda of connervation.

I wrote this book becaune I was convinced that examination
of come of nature's paradoxes could rdeepen our underntanding of
life, Eagh chapter i# an independent enrcay, understandable with-
out reference to the others. Together, %they develop a view ol the

living world that is noi rfdesmpobndent but cauniiounly optimiestie.



For ready reference, *the scientific names of organisme capitalized

in the text are given in the Index.
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w#-.+:; A REALM OF PARADOXES

What is the most Tundamental diffeirence between a living
organism - yourself, for example - and a lifeless object,

such as a stone? You are self-moved, as the rock is not. You
feel and think, as stones evidently cannot do., You are ntruct-
urally much more complex than any wmineral, and your parts are
more closely integrated, You are capable of doing a hundred
thinga that stones cannot rdo. We might continue for pages to
enumerate all the ways in which people, and other living things,
differ from lifeless things without hitting upon the most basic
nifference because it ia perhapas the least obvious, I hope that
you will not be offended if I suggest that the most Tundamental
difference netween you and a stone is that you are covered by

akin and the rock ia not, All that the living world has achieved,
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all its glories and likewine its tragedien, may be traced to the
unexciting and sometimes overlooked fact that organioms of all
kinda are separated Trom their ambience by a nemipermeable integu-
ment, a thin pelliée or a thick skin, nuch as inorganic objectis
cemmonly lack Insulation and iis Conceguences

The bsasic unit of 1life i5 the cell, with the protoplast that

it encloses. This congints of the watery, nsomewhat viscous cyto-
placm and the organelles within i%t, including a nucleusn, mito-
chondria, and verioua other plastids. Even one-celled organisnms,
ncarcely wvisible or invisible to our unaided eyes - the amoeba

and the paramoecium = are vastly complex. To carry on their



diverse functions, they must control their contents, retaining
within themselves what they need, resisting the intrusion of
superfluous or harmful substances Trom the surrounding water.
They cannot completely insulate themselves from their milieu,
Tor they depend upon it for indispensable materialsn, and they
must return to it waste productis of metabolism that would be
injurious if permitted to acumulate. To control its exchangesn
with its surroundings, each minute organism encloses itselfl in
a selectively permeable pellicle or membrane, which freely per-
mits the inward or outward diffusion of certain subsiances but
refuses passage to others. The creature's life depends upon the
maintenance of this exceedingly thin end Tregile barrier, To
impair it is to kill the organisnm.

Plants and animals increase in complexity by adding cell to
cell., Although they cooperate closely, the cells of a multi-
cellular organism preserve a certain independence by retaining
the semipermeable ectoplasm that regulates their exchanges with
aajoining cells. This is most readily demonstrated in vegetable
tissues with cella enclosed in more or less rigid walls of celluw-
lose. Tender growing stems and leaves maintain their shapes while
th?ir cells are turgid with water; if they lose too much liquid
they wilt and droop, like a balloon f{rom which the air escapes.
If one places a thin section of plant itissue in a concentrated
solution, ans of cwne sugar, and watches through a microncope, he
can see éhch@rotoplast shrink away from its enclosing wall of
cellulose. The cell's semipermeable ectoplasm permitas water to

Tlow cutward but retards or prohibits the inward diffusion of ithe

"



solute. The ecvtoplast continues to lose water and contract until
its oomotic pressure equals that of the solution in which it is
immersed.

In addition to the defensens of their individual cells;, multi-
cellulay organisma develop more obvious and resistant means of
regulating their exchanges with their media. Trunks, branches,
and rootn of woody plantis cover themselves with bark, which at
leanst on younger branches is penetrated by lenticels more perme-
able Lo ailr. Leaves and herbaceous stems are covered with waxy
cuticles, which are %thicker and lens permeable to water the more
arid the enviromment. Penetrating the cuticle and epidermis of
leaves and green stems are multitudes of minute pores, the
stomata, which by opening and closing regulate the inward and
outward passage of éases n%?ed for respiration and photosynthesis,
and the outward diffusion of water vapor in transpiration.

The integuments of animals are wonderfully diverse., Many
aquatic and not a few terrentrial creatures enclose themnelven
in hard shells or carapaces, which may have evolved primarily
for protection from predators but at the same time help to in-
sulate them from the ambience. Insects are covered by their
chitinous exoskeletonsn, penetrated by the tracheal openings
through which they breathe, Among vertebrates, the primary in-
tegument is a Tlexible skin, resistant to most substances that
are likely %o moisnten it in an animal's natural environment,
conrtantly renewed as it wears away, in many animals equipped
with sweat glands that help to regulate body temperatures, or
with chromatophores that by changing its color anssimilate it to
itas background and make it less conspicuous to enemies. The

scales of fTishes and reptiles, the hair of mammals, and the
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feathers of birds give additional protection.“hlthough every
organism, from algae and protozoa to trees and the largest ver-
tebraten can regulate the entrance and exit of materials to and
from its living cells, only fur and Teathers, or subcutaneous
fat in certain animals of cold climaies, provide effective ther-
mal ingulation. Only animals covered with haiy or feathers that
enclose many minute alr spaces can af'ford the luxury of constant
body temperature; for others, the atiempt to achieve homeothermy
would cont too much energy. By growing a thicker coat of feathern
or fur as +the climate becomes colder, or depositing more fat be-
neath their oskins, birds and mammals can remain warm and active
in air so frigid 4that all other creatures become dormant or dle.
They have attained the maximum independence from climatio extre-
mwen that animals can achieve without sheliers that can be heated
or cooled,

Insulation is not only physical but also psychic. We do not
doubt that other people Teel, and sometimes think, much as we
ournelves do; and ithe more intimately we study the lives of other
animala, ithe more certain we beconme éhat they, too, are stirred

by emotions and are not devoid of thought. But, with certain

e}

possible and debateable exceptions, we never have Airect, un-
ansailable evidence that other creatures of any kind feel or
think; we infer their feelings and thoughts from the way they
act, the gsounds they emit, itheir facial expresgions. Our psychic
insula%tion g tighter than our physical insulation; the membranes

that cseparate us from our physical environment are but semi-

permeable, permitiing many substances to pass in and out; what-



ever it may be that shields our minds Trom direct awareness of
the psychic states of other creatures is nearly, if not wholly,
impermeable, This insulation makes it poasible for one animal
to harm another without feeling the consequences.

Although we seldom atiribute sociality to lifeless things,
they are in fact much more gocial than liviﬁg organinsms. They
seldom enclose themselves in integuments that, like walls, ef.
fectively separate them from surrounding materials but freely
intermingle when they meet. Rocks and crystials expone their un-
mocdified substance, their naked bodies, to the disintegrative
action of air, water, and s5oil, Gases of different kinds intev-
ningle, or are abnorbed by liguids, with usually no barrier to

8
control the process, Drops of,liquid coalesee when they i{low
together, one loning its identity in the other. Even aolida such
as metals slowly diffuse through each other when tightly pressed
together. Everywhere in inorganic nature we Iind readiness to
meet and to mingle; no substance appears to be connistently
averse to losing its distinetness by union with some other sub-
stance, Rarely do we find nuch aloofnens, such stubborn clinging
to a geparate and insulated existence, as in living things. It
is significant that when we wish to waterproof a fabric, or to
cover metal or wood with a thin, impermeable pellicle that will
shield it from rust oy decay, we commonly choose for the protect-
ive coating some aubstance elaborated by living organisma. Waxes,
resing, rubber, in their meny varieties, are not fortuitous
secretions of plants; they are elaborated Tor the protection of

vegetable bodiesn.

With the exceptions of parasites and their hosts, only



exceptionally do geparate organisms unite as intimately as life-
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less substances no frequently do, and thegse are nearly alwaye

members of the same apeciesn. Relatively simple animalcules,

like corals and sponges, join in large numbers to form compound
organisms. Rootsa of Aifferent irees of the same gpecies, especw-
ially conifarn, may fuse together when they meet in %the 5oil,

and the horticulturist's art may graft one variety of a iree or
shrub upon the stock of another. The higher animals 50 stubbornly
resist the intrusion into their own Tlesh of alien Tlesh, even

of their own npecies, that only by the surgaon% utmost art can
they be incduced to accept a foreign organ to replace a dineased
one of theiyr own,

Even in their manner of destruction, living beings demon-
ntrate their espential difference from the nonliving. Barring
violent impacts and such crushing forces aas might reduce rockan
and cryctals to rubble or powder and living Tlesh to Tormlegss
pulp, organic and inorganie bodies are deatroyed in radically

different ways, Rocks weather



on their exposed surfaces and slewly dwindle; crystals dissolve
from the surface inward; drops of a liquid evaporate from the
outside, But living things are so well enclosed in protective
membranes or integuments that their destruction, when not caused
by violence or high temperatures, usually results from changes
in the interior rather than at the surface. The deadly poison
or fatal parasite must insinuate its way into the body, either
through one of the natural openings normally under the control
of the organism or through a break in its integument, before it
can begin its work of destruction. Or, if it escape death in
other forms, the organism runs down and becomes quiescent from
senescence, a process wholly internal.

The other distinctive qualities of living organisms are
ancillary to their ceaseless effort to preserve separate identity.
Most significant of these are their capacity to assimilate and
incorporate intimately into themselves materials different from
their own substance, and to grow from within rather than at the
surface.-~ by intussusception rather than by apposition, as botan-
iste say., Whereas crystals and other inorganic bodies that do
not enclose themselves in%ﬁggiating membranes may continue to
grow by means of superficial deposits, this method of enlarge-
ment is not available to an insulated organic bedy.

Living things tend to avoid contact with substances and
processes that would harm them: a protozoan swims away from the .-
diffusing chemical that would kill it; e man snatches his hand

away from a hot stove, Inorganic bodies show no comparable ten-

>l



dency to avoid other bodies that would injure them. But the
living organism does not always passively await actual contact
with the deleterious substance; it displays a sensitivity to
influences playing upon it, from sources near or remote, such

as is rarely found in inorganic matter, and frequently it suc-
ceeds in escaping from dangerous situations. And when contact
with the injurious foreign object is inevitable, it exhibits an
ability to adapt itself, to escape destruction by changing shape
and endless stratagems, for which one looks in vain in lifeless
bodies.

But in spite of all its defenses and its wiliness in con-
fronting unfavorable situations, the more highly differentiated
organism must sooner or later succumb, if not by external agency,
then by internal decay. Yet even mortality cannot defeat it, If
it cannot maintain its separateness in its own body, it will
transmit this capacity for preserving separateness to others
like itself — not only:gne, but to several or many, to ensure
the perpetuation of itaaﬁ?%g:thgl%hggggigégggggghg its own
eventual disintegration, it does this while still at the flood
tide of vitality, while senescence and death seem remote, The
capacity to reproduce itaself in all its complexity, from a minute
and seemingly simple particle of itself, is one of the most
marvelous of all the properties of the living organism, and one
which most strongly distinguishes organic¢ from inorganic bodies.
Although the latter sometimes display superficial resemblances to
the life-processes, analysis shows that these seeming likenesses

in inorganic substances are not close.



“, Toughness and Aggressiveness of Life

A~ greate:. paradox of living substance is its combination of
tenacity with extreme frailty. It is so easy to destroy by heat,
by intense illumination, by chemicals of a thousand kinds, by
mechanical violence; yet with incredible Protean cunning it outwits
its destroyer and blossoms forth again with renewed vigor and
fertility. A rock in your field is troublesome; you carry it
away and see it no more. But pull up a weed, remove it, burn it,
grind it into fragments, utterly obliterate it - and the chances
are that within a few monti:eiirigcgizg%%Pgi that escaped your
notice will have produced a hundred weeds where you found one.
To emphasize the evanescence of human life, moralists sometimes
ask where are the hands that erected the Pyramids or built the
Parthenon. Where are they, indeed? Those hands are multiplied =
thousandfold; they are in Furope and America and Africa and
Australia and on the farihest islands of the oceans; while the
stones that they set in place daily dwindle under the action of
wind, rain, and frost.

A fundamental property of life is its stubbornness, its
opposition to the forces that would carry it away, reduce, or
annihilate it. The swiftly flowing river bears downward, for
yards or miles, a stick, a stone, or any other lifeless thing
that may fall into it; but all its free-swimming living inhabit-
anta, from the great fishes to the frail beetles and striders
and other organisms so small that they escape the carelesa eye,
set their heads resolutely against the current and resist its

force. The fish in the mountain torrent is symbolic of all life,



in the water, en the greund, er in the air: it resists the forces
that would

earry it aleng. Life seemsa te be pitted against the external
world; struggle is its essence., And altheugh against cataclysmic
forces it is pathetically helpless, tessed like a feather by the
tempest, burnt te cinders by a puff eof velcanic vaper, for =all
its frailty it is the teughest thing unde; the Bun.

Te add to the paradex, this thing at ence go delicate and se
resistant, se ephemeral and se enduring, tends ever te clothe
itself in forms that present a greater challenge te all that is
inimical in its environment, as though exulting in eppesition te
elemental forces and delighting te devise new ways of thwarting
them, To the seaweed fleoating in still water, the maintenance of
life is relatively simple. Constantly bathed in a liquid contain-
ing all that it needs for respiratien and growth, it is hardly
affected by the pull eof gravitatien; neither scorching sunshine
ner drying winds are a threat te it; it has ne occasion to sgend
ferth roots to gather essential elements thinly diffused through
the gseil, then transport them te distant ergans,

Why did not vegetation remain for ever content with the
security of the aquatic environment in which it arese; what
stubbern perversity of the living substance goaded it into in-
vading the land, inte assuming forms whose continued existence

ie a mirscle of audacity? In every respect in which life



ig simple and safe for the seaweed, it is complex and perilous
for the tree, Whereas the alga vegetates in a caregssing bath
of nutrient fluid, the tree rears its lofty head as though to
defy the gales and the lightning, the drying winds and the desic-
cating sunlight, the unremitting gravitational pull of the
FEarth, It is endlessly extracting water and solutes from the
soil and by a procesgtﬁgfﬁ%iu3%?10 understand, raising them fifty
or a hundred yards into the air. It ceaselessly resists the
elemental forces that would dry up its sap, starve its living
foliage, and flatten it on the ground. And yet, as though to
tegtify to the toughness and entarpriﬂe-of life, trees, not
(or until recently were)

algae, are,the dominant vegetation on this planet.

In the animal kingdom, the course of evolution has paralleled
that of plants, Life is simple for the amoeba and other blobs
of protoplasm that live always immersed in the water that forms
the greater part of their substance; it is, as we all know,
very complicated for man in his multiform, constantly changing
environment. The more we contemplate the transformation, the
more incredible it appears that organisms forsook the ease and

(except from other organisms)

securityﬁof heir primitive aquatic ambienceto live unquietly
amid all the stresses and perils of the less stable subaerial
environment. Had they been forced by some external power to
agsume forms whose preservation demands ever-increasing effort,
their metamorphosis would have been surprising enough. We marvel

the more when we remember that the impulse that drove them from

change to change has always come from within then,



It is not that the Universe, or that immediately effective

part of it that we call the environment, is actively hostile
as Bertrand Russel_fg?lieved. )

to life,,Save for an occasional hurricane, volcanic eruption,
or flood, the environment is passive enough. In many regions,
it is so favorable for vital processes that it almost seems to
invite the presence of living things. Its fitness to support
them has many aspects. Water ig, of all known liquids, that
which best serves as a medium for intricate proceases which
can go forward only within a narrow range of temperatures; and
it is the only liquid abundantly present on the surface of our
planet. Among the properties that make it a fit medium for life
are its high specific heat, which retards changes in temperature;
its abrupt change from contraction to expansion as, in cooling,
it approaches the freezing point, which causes it to congeal from
the surface downward rather than from the bottom upward and in-
creases the thermal stability at low temperatures of deep lakes
and geas, making their complete congelation improbable. 4dd to
this its chemical stability combined with its versatility as =a
solvent, and its capacity to form, with carbon, compounds rich
in latent energy. Likewise oxygen, hydrogen, nitrogen, the sun-
light, and the soil, all have properties that make thenm peculiar-
ly favorable for vital processes. The environment is friendly
enough to life.

Life, on the other hand, often gseems to challenge or defy
the environment, like an aggressor invading a hostile land. Had
it been content 4o remain in the warm seas where it began, in the

humid ﬁropicalﬂands where today it flourishes most lushlx



i4 might have exizted in vast profusion yet remained in
friendly inorganic surroundings. But not natisfied with

these immense yet almost uniformly congenial domains, rest-
less life, impelled by iits own great capacity for multiplieation,
invaded the arid deserts, advanced far toward Earth's frigid
poles, climbed ever higher up the rocky mountain slopes,
battling against thin air and intense insolation and cruelly
gsudden changes in tenperature, On every front, life armed it~
self to baittle with the environment, which is not intention-
ally cold or arid or changeable = siezed it by the throat, so
to speak, and by sheer force compelled it to yielad what imper-
jous life needed and demanded, When conflict ariges between
life and it& milieu, life is usually the aggressor; the pas-
cive environment is what it must be,

In these uncongenial regions where intrusive life exists
precariously, a slight intensification of the prevailing cone
ditions, such as a more prolonged drought in an arid land ovr
exceptionally intense cold in a frigié zone, causens great
destruction of living things. We are then apt to remark upon
the harshness or crueliy of nature. But if one will perversely
it 4too close to the Tire, can he claim to be unfairly treated
if he is now and then scorched?

I+ was once the habit %to look upon all those features of
Earth that make 3.t a favorable home for living things as
apecial provisions Tor this end. This interpretation provided

a strong argument for natural theology, and writers of this



school became eloquent as they contemplated the manifold
arrangements that make thisc planet a congenial abode for
mankind. Since the publication, in 1659Jof The Origin of
Species, an exactly contrary view has become current., It
is now held that we must not regard any features of the phy-
sical world as adaptations to support life; but that life,
the late-comer, has simply had to conform to the conditions
that it found here, which it accomplished by a long course
of trial and error:ﬁThis interpretation is an wide of the
mark as the earlier one., It would be true only if life owed
ite origin to a procens wholly different from that which
Tormed the lifeless world, or if it had somehow intruded into
this world from beyond, But since it is a product of the nuu-
same process - harmonization = that earlier prepared the stage
for 14, thig modern view ig obviously too extigenme. Actually,
the living world ies related to the physical world as one
phaze of a continuous process to an eerier phase., Life is
adapted to its inorganic setting because it emerged from that
setting; the setting is adapted to life because it was formed
by a preceding phase of the movement that gave rise to life.
The adaptation i2 neither all on the side of the envivronment
nor all on the side of life, but the conformity is that of
the parts to the whole,

Life's stubborn intrusion into environments poorly fitted

to support it reveals the intensity of harmonization's strive



ing to build up patterns of higher integration, even in the
faqe of the utmost obstacles. By far the greater part of the
stuff of the Universe is prevented by physical conditions

from attaining the level of organization found in living
things, Only an infinitesimal proportion of the total gquantity
of matter can at one time participate in such complex formate
ionz, Yet the moment it encountere Tavorable circumstances,
the stuff of the Universe rushes with unrestrained exuberance
to arrange itrcelfl in elaborate patterns, axhibiting closer
integration and greateyr beauty than we often detect in the
lifeless world, A major portion of life's 41ls springs from
just this almost explosive rush by the commic stuff to partic{-
pate in a higher syhthesis; if this urge did nof result in
such excessive numbers of organisme, life would certainly be

more pleasant for those endowed with it.

Conflictas between Organismsg

Juat as they hré?g¥q%tant againat the environment, living things
are belligement toward each other. One organism invades another,
forcing it to yield the requenites of its own existence, to
become a living environmment for it. Nothing is sacred; no organ,
tissué; or fluid, no matter how exquinitely delicate and admire
ably adapted to an intricate function, no matter how indispen-
gable to the life of the host, is spared the pitiless invasion.

Eyes and ears, heart and lungs, the very life=blood itsell =

all are at times forced to become the medium of aggressive



foreign organismse, Myriads of creatureg live parasitically at
the expense of others, from viruses too minute to be detected
by common microscopes to ticks and leeches that batten ghame-
lessly in view of all the world,

A growing organism tends to perfect a form intimately rea
lated to its mode of life and the constants of ifg‘gﬁﬁiionment.
Except where ctrong winds prevail, 4trees commonly form upright
trunks surrounded by boughs arranged with radial symmetiry.
Encrusting lichens cpread in expanding circles over the facesy
of rocks, The giant kelp assumen an elongate, flattened forn
that permits it to yield gracefully to the ceaseless surge and
tug of the surf where it thrives. Noi only the oré%inm as a
whole but each organ strives to express its innate form or
pattern; each leaf, according to its position on the herb or
tree, would if left to itselfl become an undistorted example
of its hereditary type. lLikewise, each animal tends to beconme
a chapely reprensentative of its kind, perfect of limb and
organ, its garment of scales or fur or feathers comely and
complete in every detail, Nevertheless, countlenn creatures
fail to attain the full perfection of which they are capable,

When we investigate the causes of the failure of organisms



to be whole and perfect examples of their kind, we usually find
that other living things, rather than the inorganic setting, are
to blame. Ao a rule, the environment cooperates with the 6rganism,
helping it to perfect the form that was evolved in relation to
this same environment. But it is quite the contrary with other
living things; they rarely modify their own innate tendencies
to grow to full perfection so that neighboring organisms may do
likewise. They crowd and push against each other until shapeli-
ness is impossible; they twine around and constrict each other;
they strive to live in such egregious numbers that none of the
multitude can procure all that it needs for full development;
they invade each other's vital tissues; they consume each other
piecemeal of devour each other whole. So intense is the struggle
that, in tropical forests, a botanist may often search through
the whole crown of some great fallen tree without finding a
single twig with perfect foliage for his collection— insects
have gnawed into all of them even.before they stopped growing.
It is only exceptionally the environment that prevents organisms
from attaining their ideal form; it is far more often the strife
between the living things themselves,
people,

Yet, except among morally underdeveloped mem, we rarely find
a suggestion that one living thing injures another just for the
sake of hurting or destroying it., Each is striving to maintain
and complete itself, to realize that particular perfection inher=
ent in its own organization, but its circumstances are often

such that it cannot procure all the materials or the



space it needs for this purpose without epposing or injuring

other living things;Life is always primarily constructive;
destruction is all teo eoften incidental to its activity. but
hardly its primary goal, Thu?.each living thing owes its being to
an organizing movement and its continued existence to the main-

| tenance of a harmoeniously integrated pattern, yet it must ever

be prepared to contend with er te resist other more or less simi-
lar entities. These opposing tendencies accoeunt for these contra-
dictions in the character of animals that will claim our attentien

in chapter 3,

', Real Strife Confined te the Living World

By the efforts of living things to eccupy environments unfaverable
to vital processes, and evgn more by the clash of organism with
organiom in a crowded world, harmonization, itself a definite,
straightforward movement, becomes entangled in erganic evolution,
a labyrinth of cemplexities and contradictiens that confuse the
student of nature. We shall not succeed in understanding evo-
lution unless we distinguish clearly between its driving force
and true constructive principle, harmenization, and the dreadful
embroilment inte which it is plunged by the manifeld interactions
of its own products. Without this distinction, the living world
appears to be a fantastic welter of competing forms, a maze of
frenzied stirrings leading nowhere; only in its light can we
hope to discover a path through the labyrinthi(Skutch 1985).

Life has needed to be aggressive becaugse it has had teo make

its own way, creating iteelf under the constant impulsien ef



harmenization working within it, Evelution is self-creation,
The origin ef species by gradual evolution implies their for-
matien by their own efferts. External agents have dictated the
forms that organisms must assume in order te survive, but they
have not made these organisms, Beyond the primitive home of life
in tepid seas and humid adjeining lands, external agents would
have annihilated living things but for their stubborn will to
exist. The environment has everywhere stipulated the conditions
that organisms must accept if they would continue te live, but
it has not itself altered them inte conformity with these con-
ditiens. On the contrary, living things have mblded themselves
to their medium like some seft, plastic creature or tissue, an
ectepus or a growing root, foreing itself into a crevice in the
rock, pressing itself home until it fits snugly inte every cranny
and around every projection. It is net the rock, but the octopus
or the root, that has supplied the energy for this close adapt-
ation.,

The genegis of species by gradual changes promoted by inter-

phyciecal

actions between themselves, surrounding organisms, and tha;envir—
onment provides a key to the understanding of evil. As leng as
ggg?%glieved that each kind of living thing had been created in
its finished form by an Agent at once omnipotent and beneficent,
gtrife and evil remained inexplicable, or could be explained
only by means of unconvincing myths. For a Creator of unlimited
power and perfect benevolence might have established each species

in all its perfectien, adjusting the relations of each one to

every other, and of every one to its environment, so harmonioualy



that strife and discord would never arise. Actually, however,
they have been self-created, formed by this very attirition and
interplay that special creation might have obviated.

Apart from life, the disharmony we behold in the Universe is
more seeming than real, Matter flows ceaselessly from form to form;
body collides with body; the gmaller mass fuses with the greater
and loses separate identity. Solar systems no less than molecules
are constantly changing, dying, being born anew. No composite

thing is eternal, nothing immutable, nothing fixed for all time,

s

he
Strife has been called cosmic; but are the collisions andloften

violent transformations that we witness in lifeless matter
actually strife? Strife is essentially a conflict of wills, an
attempt to alter or destroy that which stubbornly strives to
preserve its present form. But in inorganic matter we detect no
strong will to exist as a separate entity. Lifeleos bodies rarely
énsheathe themselves in an insulating integument as in a coat of
armor; it appears to be indifferent to the crystal, the rock,
the mountain, the planet, or the solar system whether it continue
in its present form or be transmuted to something else. These
compound bodies evidently lack the will to perpetuate themselves.
Far from resisting the closest union With others, the micropsychic
atomg: of which they are composed readily seek such union to
gatisfy their social nature.

The "cosmic strife" would be more aptly characterized as a
cosmic dance. The dancers are marshalled in companies of the most
diverce sizeg— in atoms, molecules, crystals, drops, oceans,

continents, planets, solar systems, and galaxiea. Each company



is ceagselessly shifting its place, meeting others and uniting
with them; or else great armies separate into smaller bands,

and within each company the platoons, squads, and individuals are
in constant happy agitation, following the immutable rules of
the dance. In all the vast concourse, everyone appears to be in
a tranquil mood; there are, ag far as we can discern, no hatred,
no anger, no jealousy, no vain strivings, no sighs, no regrets —
no tragedy that is evident to our human eyes and minds. Strife
springs from individuality, from the effort to preserve separate
identity by beings that try to insulate themselves from the rest
of the Universe and are not minutely guided by a single compre-
hensive Intelligence.

Contemplating the countlegs ills that arise directly from
organisms' need to insulate themselves from their surroundings,
one sometimes suspects that life represents a miscarriage of
harmonization, which in producing living things somehow went

the movement
astray. Yet the very intensity of i#s .effort to create them and
lift them to higher levels of organization suggesta that they
are indispensable for the fulfillment of the world process,
It seems that only in a community of individuals can harmony,
in its highest sense, prevail. If harmony were simply unruffled
uniformity, such as is found in a body of pure, still water or
among the pages of a closed book, the whole creative process is
a mistake; for the longer it continues, the farther it carries
the world from this condition. Harmony is unity in diversity,
concord between differing entities. Whether in a work of art or a
society, the more varied the entities that compose it, the

richer and more precious their harmonious integration becomes,



For the higher modes of harmony, individuality appears to be
indispensable; and the physioclogical foundation of individuality
ios the insulation of organisms. Spiritual community is super-
imposed on this biological separation; it owes its gsweetnesg
and poignancy to its persistent striving to overcome the very

aloofness that is its foundation. Moreover, as far as we can

tell, only individuals can experience happiness and high values,

toward which the whole creative process appears to be directed.

Cooperation and Competition

Furthermore, we must be careful lest by over-emphasizing the
strife of the living world we lose sight of its complementary
aspeect. Those who see in nature only battle and carnage are as
shortsighted as those whe find there only beauty and peace.

Each of these inte?pretations results from one's need to dia-
cover in nature support for his own dominant mood; so that to
the violent and bloocdthirsty she is red in tooth and claw, while
to the loving heart she is the tender universal mother. This
capacity to give to each that which he seeks is proof of
nature's vast diversity.

The outstanding feature of the relations between organisms,

whether of the same or of diverse kinds, is neither their friendli-

ness nor their hostility so much as their baffling complexity. On
one hand, they must cooperate closely to create and stabilize

the environment on which the prosperity of each of them depends.
On the other hand, they are forced to compete for the materials,

space, and energy which are rarely pmss®mskt abundant enough to



fi1ll the needs of all the individuals produced by life's pro-
digious powers of multiplication., Cooperation and competition,
harmony and strife are equally prominent in life's paradoxical
involvement. Those who blindly stress one of these contrasting
aspects while forgetting the other have not understood life,
Cooperation and competition are so intimately linked that it

is hardly possible to separate them. Cooperators readily become
competitors, and competitors may become cooperators before they
are aware of it, both in natural communities and the commercial
world of man, Stranger still, it often happens that the same
creatures are gsimultaneously cooperators and competitors; as,

rule-abidin%
by their very competition, the players of two opposing teams

provide the cooperation that makei ?;?game.

The more complex organioms, animal and even vegetable, can
hardly survive in a lifeless milieu.. The cooperation of many of
them is needed to create a favorable environment, Yet these
same organisms compete with}and often destroy, each other. A
mature forest, for example, in large measure creates its own
environment. Clogely spaced trees are necessary to prepare and
preserve the peculiar qualities of soil, humidity, and light
requisite for the germination and prosperous growth of these
same trees. Nevertheless, they compete keenly with-each other for
space, mineral nutrients, and sunlight., Many lose in this struggle
and die, Swarming insects devour the foliage of the trees, yet
some of these trees need some of the insects to pollinate

their flowers, The saprophytic fungi that break down dead



wood and foliage, returning mineral nutrients to the soil and
enriching the mold necessary for the continued .rowth of the
vegetation, readily mutate into parasitic strains that attack
living plants. The birds roaming through the forest in mixed
flocks help each other to detect and escape enemies and to find
food but compete for the food thus encountered. If food becomes
scarce, a8 in temperate-zone foreats in winter, competition
grows keen and some individuals may starve because their more
competent companions capture the larger share. So delicate and
so paradoxical is the balance between cooperation and competition!
Nowhere is this paradox more striking than in the world of humanea,
who so need each other's support yet are so often hostile to
each other.

There was a time when an intelligent observer of events on
this planet might have suspected that the process of creation
at multiple centers had reached an impasse, a point where coop-
eration and harmony could not be increased without at the same
time intensifying competition and discord; and competition could
not be diminished without at the same time reducing the number
and quality of existing organisms. For the more highly organ-
jzed the creature, the more it needs the cooperation and support
of a complex environment, yet the more it preys on or competes
with the very organisms that make life possible for it. Although
nearly every living creature is in gsome respects a cooperator
and in some respects a competitor with its neighbors, the latter

is perhaps more evident in ita behavior, Its instincts and ap=-
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petites are directed primarily toward its own welfare, prompting
it to seek what it needs without much consideration for its neigh-
bors. Only toward its mate and dependent young, and more rarely‘
toward other members of its flock or herd, is it explicitly
altruistic., Yet by the secular interactions of species in living
communities, the habits of esch . become compatible with the
gurvival of associated species, in so far as this is necessary

to preserve the biotic association in a thriving state, Species
that cause the deterioration of their environment dig the ground
from beneath their feet and prepare their own doom,

To break the impasse between cooperation and competition and
turn the balance in favor of harmony, only one hope is at present
digscernible on this planet. Very recently, as cosmic and even
terrestrial time is measured, beings gifted with free intelli-
gence and morality arose upon it, At first, these faculties were
dedicated exclusively to the welfare of the individual animals
endowed with them and their close kin, but gradually they
acquired a broader vision. When leavened with sympathy, intelli-
gence can understand the way of life of other creatures, their
needs and tendencies, Taking the external view, the intelligent
being can often predict at what points others will come into
conflict with itself, and sometimes it can also foresee how such
conflictsmiégtbe avoided, or at least mitigated. It can guide
the formation of patterns from two or more centers simultaneously
toward eventual harmonious union, in a manner impossible to an

. . process
immanent creative £owews- that can work only from within.



Morality at its best ig willingness to modify one's own
life and reduce one's material needs so that other beings may
fulfill themselves. As long as life can be sustained only by
exploiting an environment that can never satisfy all the demands
made upon it by teeming creatures, strife and conflict will
never be wholly eliminated. But moral effort, inspired by love
and directed by intelligence, can do much to diminigch dicorder
and promote harmony. One becomes the more eager to dedicate his
atrengtith to this endeavor when he reflecta that the contrast
between himself and the beings that surround him is Dot nearly
as sharp as it appears 1o minds that aspontaneously exaggerate
distinctions in the interest of effective action. Humang so
endowed, who devote themselves to this cause, become voluntary
workers in the cause of harmony, impelled to undertake thig
high endeavor by their sensitivity to the creative energy
within them, their loyelty to the process that made them. At
all levels of the world process we detect a tendency to overcome
conflicts by the union of colliding patterns in a higher syn-
thegsis, but it is by meang of moral agents of this high quality
that harmonization most readily overcomes strife. between
phyesiologically and paychicly inrulated organisme not directly
nennible to the pain or distresns that one too often infliete

upen another.
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THE INDIVIDUAL AND ITS SPECIES

Before we explore the relation of the individual to its snpecies,

we must clarify the nature of a species. The textbook that,

early in this century, I studied in my firat college course in

general hiologyffasserted that "a specieg is merely a concept of

the human mind « the only reality in nature is the individual,

and an understanding of the differences between individuals

givens us a key to the differencesn between species," This nomin-

alist position confoirms to the definition of a specien as a group

of individuals "which difier less among themselves in the sum

of their characters than they do from the members of any other

(Woodruff 1922).

group of individuals!’' ,One might make a similar statement about

humen artifacts; the word "chair," for example, denotes a group

of objects which differ less among themselves than they do from

other kinds of household furniture. But chairs are related to

each other only ideally; they conform to & concept in our nminds;

one chair does not create another, If all the chairs in the

world were to be destroyed tomorrow, furniture makers would be

a0 busy that, after a few months, there would be no lack of chairs.

When a biologic species ig exterminated, it can never be replaced,
The definition of nspecies in my college textbook is cloge

to the original concept of a species as a class of objectis that

look alike, as, with due regard to age and sex, the members of a

biologic species mostly do. Early syotematists, including

Linnaeus, regarding opecies as unchanging entitien, each cor-



regponding to a Platonie form, or an idea in the mind of God,
depended largely upon their outward aspect, sometimes supple-
nented by & study of their anatomy, to delimit them. A5 is evia
dent from the foregoing quotation, widespread acceptance of
Darwin's theory of evolution did not immediately change thigs.
More recently, the old morphological concept of npecies has been
superseded by a more realisgtic, dynanie view. The biologic con-
cept of a species, now widely used in clasnification, regaras it
as a group of individuals that freely breed together wherever
they intermingle, producing fertile progeny. Spontaneous inter-
breeding is a more dependable indication of specific limits than
the production of fertile offspring by artifical crossing. The
fqrmer depends upon the appearance and behavior of animalsn; the
latter, upon the compatibility of their genetic complexes,

which is a quite different matier.

Extreme Torms of a snpecies may differ so sonspicuously in
appearance that they were formerly placed in separate species,
as in the case of Baltimore and Bullock's orioles,ﬂ%&fnﬁﬁgfad
together as Northern Orioles; or that of Yelloweshafted and

Redeshafted Tlickers, now united as Northern Flickers. On the

h ol

other hand, forms too similar to be readily distinguished may
be classified as different species if they feil to interbreed

ag is true of a number of American flycatchers.
where they are in contactU‘Since nowadays we think so much about
genes, we might define a species as a group of individuals who
share a common pool of genes, a selection of which is present,
in diverse combinations, in each of them. All members of a
apecies are descended from the same ancestiral stock; a species
is monophyletic, When we view a species in this biologic rather

then in the formalistic manner, it becomen clear that it is not
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mervely a concept of the human mind but a selfwperpetuating
natural entity, no lesas real than the individuala that compose
it. Indeed, if reality has degrees, and the longer something
exinsts the more real it is, npeclies have greater reality than
individuals, which are to their species as leaves to a itree.

One may ask why animals and plants belong to species that
are typically sharply delimited from other species instead of
intergrading so that they might be arranged in series without
discontinuitien and we might, for example, find every possible
gradation Tion
ntermeédiate between an Ostrich and a hummingbird, or an oak
tree and a violet. Probably, if all the organisms that have be-
come extinet through the ages were presentily available, we might
come close to doing this, but in no single era would this be
feasible. In the geographical races of many nspecies, we do in-
deed Tind a gradual transition between exireme forms which do
not, however, %ranscend *the limits of a species. Between species,
especially thone in the same region, gaps of some kind are always
presentfﬁThe digecontinuities in the living world are closely
related to biparental reproduction. To reproduce nexually, organ-
isms must Tind partners whose genetic constitutions, called
genomes, are compatible. This in the fundamental reason why
plants and animals belong to species, In a world where asexual
propagation predominated, instead of being subordinate to sexual
reproduction aa in our actual world, we might indeed ind all
transitions between the most extreme types, as on a small ncale
we do among cultivated planta. And how confusing this would be
to everyone interested in nature, how frustrating to all attemptis

to clansify and name! The biologic definition of a species as a
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group of individuals any two,of which, of opposite sex and nor-

mally developed, might together beget fTertile progeny, recognizes
the intimate connection between hiparental reproduction and the
segregation of organisms into sgpecies. By this definition, cul-
tivated plants that can be propagated only vegetatively, nuch asg
certain varieties of bananas and sugarcane and many ornamentals,
are clones that do not properly belong in any species, although
for convenience they are clagssified in the species from which.
they were apparently derived. With these exceptions, individuals
and ppecies are mutually dependent; neither can persist without
the other.

two \
The publication, = decadogﬁgo, of Richard Dawking' book,

The Selfiash Gengihzg helped to aiffuse the idea, implicit in
much contemporary thought about evolution, that the individual
does nothing "for the good of its species," We need only to
recall the interdependence of individual and species to recog-
nize the logical abgsurdity of this perverse notion. If to exist
is good, ana if the existence of any composite entity, such as
a species, depends upon its parts, then, simply by existing,
individuals contribute to the good of their apecies. But living
organisms commonly do more than contribute passively to the
exiotence of their gspecies, as parts of some lifeless object,

a chair or a machine, contribute to its wholeness; by reproduc-
ing they perpetuate their species in a perileous worlid. Repro-
duction benefits the progeny, few or many, that will continue
to compose the species, not the reproductive individual. Unless
the parent finds satiafaction in rearing its young, as apparently

aome do, or unless when grown the offspring recounds %o its come

.

i



fort or safety, as ig rare in the animal kingdom, the individual
gains nothing by reproducing. It squanders vital resources, ex-
poses itaself to dangers that it might avoid if careful only of
its own safety, often exhausts itselfl and shortens its life, to
perpetuate itsn species, as does the salmon when, after struggling
upstream against foaming rapids, she lays her eggs and expires.
Modern evolutionary thought is preoccupied with the compe-
tition among organisms of the same species to increase their
fitness, measured by the number of their living progeny. Succesns-
ful individuals often deprive others of mates or opportunities to
reproduce, someiimes of their lives. Responsibility foxr this
selfishness is Trequently attributed to the organisms' genes.,
However, if an individual's genes increase its Titnesns, their
multiplication, even if this entails the exclusion of the less
eé&cient genes of competing organisms, benelits the species,
which thereby becomes more {irmly established in the living worlad.
In competing with others of %their kind for the means of repro-
duction, individuals appear to vie with one another to contribute
to their cpecies., The great majority of organisms can serve their
species only by producing offspring; but more social enimals can
otherwige benefit their kind, as by mutual aid, joining in cone
structive enterprises, teaching, creating, inventing, or clari-
fying thoughts and ideals « these last, ofcourse, only in man.
Paradoxically, by "selfishly" striving to increase the number of
their progeny, individuals may benefit their species more than
themselves. However, animals who contribute too many offopring
to their npecies may harm it by overburdening the habitat and

causing widespread starvation., Even in beneficial activities,

mocderation ia needed.,



Apart Trom any mutations that might arise in its reproductive
tissues, the genes m® an organism bears are not peculiarly its
own but were igheritcd from its forebears, which are seen to be
more numeyrous the farther backward in time we trace its ancestry.
The more these genes contribute to the quality of the individual
and the survival of its race, the more their bearer serves its
species by trannmi&?ng to posterity this endowment which, in a
sense, 1t holds in trust for Tuture generations.

An animal may gerve its species without aassisting iis con=
temporaries, or it may aid them without benefit to its species,
as is particularly evident in human society, where philanthropy
or charity may have highly dysgenic consequences. Beneficence
too often helps incompetent individuals with heritable defects

e

not only to survive but to beget children who are likely to
receive the undesirable traits of their parents, thereby deter-
iorating the human stock, We value the impulse to help the un-
fortunate, while we deplore consequences that might be avoided

if those with genetic defects who are made comTortable by public
or private assistance could be restrained irom reproduction.
Animals in a state of nature commonly lack the surplus of energy
and resources to succor less fortunate or less well endowed indi-
viduals, nor can they afford to weaken their species by diluting
its gene pool with inferior genes. Failure to dintinguish behavior
beneficial to the species from that which aids individuals most
in need of support has led certain biologists to exaggeraie the
selfishness of animals, or of the genes which determine their
behavior,

Some animals act in ways that are excessively brutal, as when



male lions or langurs destroy the suckling of a female whonm
they have wrested from another male, no that the mother may the
sooner become pregnant with the winner's progeny; or when a
victorious human tribe mansacres all the males and pregnant
females among its captives, retaining the wirgins to bear child-
ren for their captors, an happened when the Isrmelites, at %the
command of their leader, Moses, overcame the Midianites (Numbers
51).?Such harshness has rarely been recorded in the animal
world. More widespread is the.mitigation of conflict by rituali-
zation, especially among birds, whose dicputes tend to be settled
by posturing and calling rather than by fighting. At territorial
boundaries, Howling Monkeys of “tropical American Torests con-
front their neighbors with stentorian voices that obviate physi-
cal clashes, Or if fighting becomes serious, the losing animal
may save itself by assuming a submissive posture that pacifies
its opponent, as happens among wolves, Rurkeys, and gulls,
Natural selection should promote all behavior that abbreviates
orﬁvoids conflicts that needlesasly asquander the contentanddh
energy and exposes them to predation while they struggle, heed-
leas of what is happening around them. Few species are 5o firmly
establinshed that they can afford to lose many members in intra-
npecifiec atrife. Predation and parasitism, far more than com-
petition between individuala of a apecies, make nature harsh and
bloody.

Many animals increase their safety by Jjoining in flocks and
herdn, compoged of one or more species, Although mixed flocks
of birds, fToraging through %fropical woodland, are conspicuous,

many keen eyesa and volces ready to nsound the alarm make them
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difficult for a predator to approach undetected. By joining
such flocks, & bird apparently feels and 15, safer than if it
lurked obscurely amid dense vegetation, In the midst of a com-
fact Tlock, Toraging in trees or on the ground, birds spend more
time eating, less looking around or up to avoid being curprined
by predators, than do individuals on the outskirts of the crowd,
or thoge Toraging alone, In such aggregations, each individual
tries primarily to protect itself and increase its intake of food;
but by “he combined action of all, all are safer ana better nour-
ished. Because no individual willingly exposes itselfl to save
its companions, or deliberately helps another ad&fﬁk%gﬂfgggf
these foraging groups are nometimes called "gselfish herds." But
is it not enough that by acting in concert the whole party
benefits? Why should one individual court death to save another
adult of its npecies? Large animals, well armed with horns, hoofs,
or Tangs = zebras, horned ungulates, baboons « may cave companions
or dependent young by confronting powerful predators; small, weak
creatures could only nacrifice themselves,

Protection from predators is the most widespread mode of
mutual aid among enimals. The startled cries of a bird who spies
a hawk alerti~ others wiihin hearing, of the same or different
npecies, Thaﬁe notes, Trequently voiced by birds with or without
dependent young, have puzzled evolutionists who believe that
animals should consistently behave in ways that conduce to theier

individualﬁurvival and fitiness. Why should a bird who first
notices an approaching raptor draw attention to itself by its
voice, when it might discreetly hide, leaving less alert com-

panions exposed to attack? Perhaps among the birds warned by



its erien are its mate or independent young, in which case its
behavior is more readily explicable. But a bird may sound the

alarm when no related individual is within hearing, and birds

of other species may be saved by this timely warning. To te sure,
the individual who has given the alarm call may on another occasion
profit By that of some other bird; its service may he requited.
Except in the context of parents with young, alarm cries have

proved difficult for evolutionisnts to reconcile with their theories,
but they obviously benefit the caller's species by promoting the
safety of its members - and often those of other npecies.

The great majority of birds breed in monogamous pairs, of
which the male feeds and guards the young, or frequentily shares
with his mate all the activities ofthe nest, including building,
incubating, and brooding the nestlings. In a minority of species,
females are 50 well able to rear their families without help that
the males are releaned Trom all domestie chores. By staying aloof,
they decrease activity that might reveal nesis %o hostile eyen.
Instead of remaining alone, the emancipated males of a numbeér of
aspecies gather in courtship assemblies which attract females
whosne developing eggs need to be Tertilized. Among northeyn birdn,
this mating cyotem is followed by certain sandpipers and grouse,
including the Capercaillie, Black Groune, and Ruff in northern
Eurasia, the Sage Grouse and prairie chickens in North America.
These are precocial birds whose chicks leave the nest soon after
they hatch and pick up their own food under maternal protection
and guidance, In the tropicwm, courtship acsemblies are found
chiefly among altricial birds, with broods of rarely more than
two nentlings.e in the New World, mainly hummingbirds and manakins;

in the Australasian region, birds of paradise, larger birds with



louder voices, who tend to be stationed farther apart, in ex-
panded, or "exploded," leks.

A subtle balance of cooperation and competition prevails in
a2 courtship asnembly. Its members cooperate to establish a mating
ntation that becomes well known and accesaible to the females in
the vicinity because, the habitat remaining favorable, it is in
the name place year after year, while the calls or wing-sounas
of the participants advertise its presence. At the same time,
these males competie for Temales, whom they attract by vocali-
zations that, according to the npecien, may be melodious or raucous,
and by visual digplays that may be bizarre or enchantingly lovely,
These gatherings benefit the specien by providing for the females
a situation in which they can readily compare males who vie for

most likely
their atiention, and freely chcose the individuals who appearfto
e

sire vigorous offnpring.;lncidentally, the strong intersexual
selection associated with this mating syntem has given us many
of our most beautiful birds, from dainty, glittering hummingbirds
and ornate manakins and coiingas to lavishly adorned birds of
paradise. Moreover, males in thense assemblies appear to be saler
from predation than they would be if they courted in solitude.
Although the groups of performing, calling birds certainly attract
atiention, in any case males would need %to make themselves cone-
apilcuous to?:tggiége%eggles, and by displaying in assemblien
they gain the advantage of many vigilant eyes, as in flocks of
all kinds. In couriship assemblies, one or a few dominant males,
probably most often senior birds, win most ol the females, while

the vounger members on the outskirts practice displays that may

take long %o perfect, and become more successful as they grow



older. Since only exceptionally do assembly members fight fur-
iously together, ithey may live long.

Individuals also benefit their species by adeopting young.
Although not unknown among fishes, mammals, and altricial birdsy
adoption is most frequent and spectacular among precocial birds
who pick up their own food while following an adult. A parent
of nidifugous chicks, who need only guidance, protection, and
brooding, can attend in this manner to many more young than it
can hatch; whereas parents of aliricial and semialtriecial young,
who must be given food brought from a distance and placed in
their mouthﬁ, are often unable adequately to nourish additional
dependents., As they lead their families to good foraging, birds
s0 diverse as Osiriches, rheas, grouse, sandpipers, stilts,
avocets, and plovers are often joined by lost, orphaned, or aban-
doned chicks unrelated to them. Similarly, parent geese accunmu-
late goslings, ducks pick up ducklings, not their own. Such mixed
flocks of dependents, guarded by one or a few faithful adults,
can become very large, occasionally, as has been recorded of
Ostriches and Shelducks, containing over one hundred young of
different ages, Many nidifugous juveniles owe their lives to
fonter parentn.:Semialtrioial chicks, who leave their nents while
atill flightless « colonial-nesting penguins, pelicans, flamingos,
and ceriain terns = gather in nurseries or cieches, guarded by
a few adults, while their parents forage afar and bring their

oi both,
meals. By vuic%uﬁr appearance%iparents and young recognize each
other individually; each of the former feeds its own ofispring,
an arrahgement that ensures a more equitable distribution than

would result if a returning adult delivered its food %to the

o



first claimant. By this syntem, weak or ailing chicks, who would
be pushed aside by more vigorous young if feeding were indiscrim-
nidicolous

inate, are assured meals., Among passerdwe birds, a parent whone
mate has died is sometimes joined by an unattached individual of
the opposite sex, who helps the bereaved parent to feed iis young.
(Skuteh 1987) .4 7 i Cingect 411 p 430

Finally, the individual dies for the good of its species.
If succeasful in escaping all the hazards that prematurely den-
troy so many free animals, it grows feeble and expires from in-
ternal causes. When we recall the great recuperative power of

e

organismsn, their ability to heal wounds,recover Irom diseases,
and restore wasted tigsueg, senile decay is the greateat of para-
doxes. Why should animals not continue to live and reproduce in-
definitely? Do they die to make room for their progeny and avoid
overpopulation? It is widely held that natural selection favors
the Tittest or most prolific individuals; by living indefinitely,
organioms might attain maximum fitness. Replacement, whether of
artifacts like cars or adult organisms, in wasteful of resources;
the problem of keeping a population within the limits set by the
carrying capacity of its habitat might be more economically res-
olved by restraining the reproduction of long-lived, if not inm-
mortal, adults, who might gain experience of value to their species,
The mont probable explanation of senescence and death is that
it i5 an evolved character, programed by the genes, An animal is
born with the seeds of its decay within it. Evolution depends
upon the continuous replacement of individuals; only populations
can evolve. The adaptability of individuals, limited by their
heredity, may not be great enough to adjust them to changing en=-

vpronments. Perhaps, in the long history of the living world,
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Stepparents are too infrequent, or too reldon detected and
reporterd, %te importantly affect populations of abundant,
strongly establirched apecies, but by even nlightly increasing
the reproduction of a declining rspecies they may help rave it
from extinetion.
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species composed of potentially immortal individuals arose, only
to become extinct because they lacked the flexibility to adjust
to changing conditions that death and mutability give to a species.
Creatures die to give their species the adaptability to survive
in a world of change, or to rine to higher levels of organization
and mentality. After working hard to replenish iis apecies, the
individual, even in the absence of external causes, pasces away,
reducing by one the numerical strength of the nspeclies. Far Trom
doing nothing fTor the good of its species, willingly or unwill-
ingly the individual makes the supreme sacrifice for its npecies.
I+ owes its lifTe to the species; it relinquishes itsg life fovr

the benefit of its species,

Contemporary biologists, who view all organicms as ceane-
lessly engaged in a relentless struggle to increase their indi-
vidual fi%inegs, as measured by the number of their progeny, use
all their ingenuity to explain puzzling examples of animal
behavior in ways that support their theories. They appear to
delight in detecting trickery and deception in animal life. Thus,
“he much-discussed "beau gegte" hypothesis holds that a birad
aings a variety of songs in different parts of his tervritory to

in 1%,
make it appear that several individuals are settled thewey theve-
by discouraging other males from trying to intrude. When a bird
feeds nestlings or fledglings of a dif{erent npecies, this is a
"mistake." In both of fthese situations, alternative explanationn
deserve consideration: the singer may repeat several songs because
he enjoys hearing them, or because a varied repertoire, like
bright plumage, makes him more atiractive to females in search

of a partner; the altruistic bird, well aware that the alien nest-



ling is not its own, ip moved by its pleas for food, Since we
cannot read the mind of a bird, we cannot be sure which of the
alternative explanations is corvect; but consistently to choose
the harsher interpretation makes life appear more sordid than
it may actually be., Ought we not to welcome any indication among
nonhuman creatures of the poychic or moral atiributes that we
admire in ourselves, and do our best to substantiate them? The
more cooperation or kindness that we can detect in other branches
of the animal kingdom, the more hopeful our own future becomes,
Certainly the living world contains enough that is obviously
apparent
repugnant or distressful to contemplate, without increaning itsn.

amount by forced interpretations. Since, whether we like ornot,

it
we belong to the livinf worla, some of us wish to think well of it.
Because genes impel animals to increase their own fiiness, %

as mearsured by the number of “their progeny, /
often regardless of consequences to other members of their species
or to other specien, they have been called "selfish.“But, as we
have seen, creatures so motivated squender their strength, expone
themselves to perils, and often debilitate themselves to perpetu-
ate thelr species. Finally, if no accident befall them, they girow
senile and die to give their species the Tlexibility to confront
changing envirvomuments and perhaps riase to higher levels., With

the reservation that we can apply moral attributes only metaphor-

ically to mindlesns molecules, should we not call genes "altiruistic!

rather than "gelfish"?
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dome of the ways that animals benefit ethers of their kind
perplex biologists who de not look widely enough. The lineage
that 4tried %o perpetuate itself by unions of brothere and sisters
or other close relatives would probably fail because of the debil=~
itating effects of continued inbreeding.Organisme need others to
provide unrelated partners for their progeny. Among the con=-
rpecifice saved by a bivd's alarm eries, ac among the young that
it adopte, may be mates for ites own descendantis, or parents of
ruch partners. 8ince ne lineage ie likely to survive long apart
from a well-eatabliched species, an indivicdual dcers well %o pro-
mote the prosperity of its speciee, Paradoxically, thoughtleas
genes appear nometimes te see Tarther than the clever mathematiceal
biologints who try to interpret, in the light of their theories,

behavior controlled by thece genes,
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THE TWOFOLD NATURE OF ANTIMALS

Life is an intensification of harmonization. A living thing, of
whatever kind, contains a greater variety of components than

any coherent inorganic Tormation of equal size, each part in
more closely dependent on the others, and together they periom
more Aiverne activities than one will find in any lifelenn body
of comparable extent, Because of its complexity, an organism is
highly wulnerable to extremes of all sorts, and its life depends
on the maintenance of a delicate balance with its surroundings.
Thus 3t thrives only by preserving a high degree of both internal
and external harmony, and where there is harmony we recognize
goodness, Yet when, in chapter 1, we surveyed life broadly, try-
ing to discover its most distinctive features and iis relation

to the environment %that supports it, we found it aggressive and

responsible Tor bringing evil into the world. Although violent

-
& |

collisions are Trequent in lifeless matter, we detect there no
evidence of desiruciive passions, malice, nor the consequent
frustiration and suffering, which are the distinctive marks of
evil as we Teel ii. Accordingly, it is above all in the realnm
of 1life that the universality of the impulsion toward order and
harmony produces strife and evil as a secondary effect,

Aa producis of a process that moves toward an ever mMore Ccofe
P

rehensive harmony yet incidentally entangles itoself in disgcord,
P K v g



living things could hardly have a perfectly conasiantent character.
They inevitably bear the marks of the contradictions in which
they are involved, displaying both good and evil gqualities. We
wish to know how thense contrasting tralts occur in them. 15 there
cstratification, with one sort more superficial than the other,

or do both penetrate to the core of their being? Although con-
sideration of their mode of origin suggests that goodness is
central to living things and destructiveness more peripheral,

the subject 1o so important that we must investigate it from
another angle, trying to discover from their behavior what is

the primary fact about them, and how %this can be digtinguished

from all the accretions that mingle with and often mask it. T:

Contrasting Modes of Behavior

The question that now engages us will emerge in sharper oute
lines when we survey, even superficially, the temper and be<
havior of ourselves, our acquaintanees, or the animals most
familiar to us, All of wus, man no less than other animals, arve
compounded of contrasting and even contradictory impulnes, csome
50 incompatible with othern that, when we pause to reflect,

an we too seldom do, we wonder how they could coexist in the same
individual without incapaciting hig:gnr ;ffective action; as

two calves, tied together by a rope, each with its own notions



about where the grass is sweetest, rarely wander far.

Once I had a colt who grew up in the same pasture with a
gelding past his prime. From the first, the iwo were close com-
panions, romping and racing together, playfully nipping each
other's legs, rearing up on their hindlegs in mock battles.

The 0ld horse was always gentle with the youngster, enduring

with admirable patience a surprising amount of nonsense. This
friendship continued unbroken until the colt passed his fourth
year and reached maturity. Then the young stallion turned against
the old horse five times his age, trying to drive him from the
pasture and the mares, viciously biting and kicking him if he
resisted. It became necessary to keep the stallion and the geld-
ing in separate fields)in order to preserve the peace of the
farm., This altered relationship was caused wholly by changes in
the stallion; the older horse remained the same and gave the
younger no provocation, Which was more central to the stallion's
nature, his early friendliness to the old horse or the enmity
that replaced it? Or did his nature undergo a radical change as
he matured, so that both the friendly and the belligerent attitudes
were equally expressive of his inmost disposition at the time
when each prevailed?

Among birds we witness many examples of these opposite modes
of behavior. Some species thatythrough much of the year)associate
in compact flockas lose their sociability at the approach of the
nesting season, when each male establishes himself on a gseparate
patch of land and will fight any of his erstwhile companions who

deres to intrude upon it. And there is a limit to the gregarious-



ness even of those species that not only flock when not engaged
in reproduction but also nest in crowded colonies on cliffs,
islands, or in treetops. Breeding penguins, albatrosses, and
gulls repulse with their bills thoge of their neighbors who
preas too close to their nests, with the result that each pair
maintains a small unoccupied space around its nest, and this
encures a rather uniform distribution of the breeding pairs over
the available area, Swallows perching on wires seek each other's
company yet resist too close crowding, so that neighboring in-
dividuals are separated by a distance that is determined by how
far each can peck without budging from its chosen spot. Birds of
many kinds feed the young of other parents, of their own or even
(Skutch 1987).

of alien species, Yet some parent birds, including several kinds
of jays and toucans, are not above snatching the young from nests
of other species, perhaps bringing their mangled corpses to feed
their own carefully attended families, Could we say that the
social or the antagonistic instincts, the helpful or tyrannical
attitudes toward neighbors, are more central to the character of
a bird? O?#goth equally expressive of its inmost nature?

Similar contrasts are found in the behavior of insects.
Ants are among the most social of animals, dwelling in populous
colonies that rival the cities of man in their teeming inhabitants
and complex organization., The workers tenderly nurse and feed the
helpless larvae, caress each other with their antennae, and pass
food fromhouth to mouth. Yet not only do they batile fiercely

with ants of other species, they are almost equeally hostile to



other colonies of their own kind, and they may devour the off-
spring of vanquished rivals. Like man at an early stage of
moral development, they have one pattern of behavior for their
family or clan and another for all outsiders. The two modes of
behavior lie at opposite poles: treaiment of members of the

clan often evinces lack of respect for privacy and individuality
+hat would be intolerable to cultured people; treatment of those
beyond the narrow pale of immediate kinship reveals brutality
that outrages finer feelings. Which of these two modes of be-
havior, that toward one's own tribe or that toward outsiders,

ig more central to the nature of ants and of men?

In trying to answer this question, we ghall follow three lines
of approach. First we shall see what light the study of animal
behavior can shed upon our problem, Next we shall ask whether
our understanding of evolution can help us teo decide which kind
of behavior is primitive and which derived. Finally, in -chapter
22y we shall try to learn whether human experience agrees with
the conclusions reached by the first two methods of investigation.
Merely as terms indicative of overt behavior, and without refer-
ence to accompanying afiective states, we shall call all those
attitudes and activities that tend to draw animals together
"friendly" or "integrative", all those that make them avoid g?ié

each other "hostile" or "disruptive",



Hunger and Fear as Causes of Hostility

The chief causes of conflict among animals are hunger and sexual
rivalry, The need or inclination of each individual or closely
knit group, in many species, to preserve for itself, and keep
free from others of its kind, a territory or area that provides
food or shelter or both, is a secondary cause of conflict: the
defended gspace would have little value if it failed to yield
nourishment or to hold rivals aloof. On the whole, sexual rivaelry
is not a major cause of avoidance or fear among animalsj Ag=we
saw-in-echapter 17, much of the soc-called sexual fighting, eapecial-
ly in birds, is formal jousting that rarely results in injury to
either of the contestants. As a rule, the victor in thegse duels
has no incentive to pursue his fleeing antagonist beyond his own
domain; and when the season of reproduction has passed, the former
rivals may gather in friendly groups once more. This leaves hunger
as the great disruptive force in the animal world, the chief
cause of fear. Because some animals need others as food, these
others must defend themselves desperately or else flee for theilr
lives, Unlike an animal withdrawing from a sexual rival, who is
usually satisfied by the departure of his antagonist, the creature
fleeing from a predator can satisfy its pursuer only with its
living flesh.

Agide from man and some of the social hymenoptera, animals
rarely wage war or kill other animals except to fill their
stomachs, When not hungry, predatory animals, including some of

the fiercest, only exceptionally molest othersa, even of kinds on
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which they habitually prey. Antelopes and other herbivores are
somehow able to recognize the moods or intentions of the carni-
vores that eat them, galloping away from hunting lions but con-
tinuing to graze peacefully in the vicinity of these hereditary
enemies when the latter are not interested in prey. Similarly,
duckﬁ have been seen swimming about fearlessly while carnivorous
otters played among them. Hawks that catch smaller birds often
hunt chiefly at a distance from their nests, leaving unmolested
the small songbirds who rear their broods near the eyrie. The
birds learn which kinds of hawks are dangerous and which relative-
ly innocuous, and they may sometimes be seen feeding calmly in
the tree where one of the latter sort rests,

Some :animals instinctively avoid predatars that have for
generations preyed upon their kind, but they lack an innate
tendency to shun other animals in general; so that they may
remain unconcerned near one so potentially dangerous as man,
until disastrous encounters over a long interval, have taught a
sort of wisdom to their race. Thus,it is well known that birds
and other creatures on uninhabited islands, or in other regions
from which humans had- long been absent, are fearless of man,
with the lamentable conseguence that mariners who encountered
them in their pristine innocence exterminated whole species
before they acquired wariness, as happened to the Great Auk of
Labrador and the Dodo of Mauritius.

Moreover, even among the predators themaelves, the habit of

capturing and tearing the prey appears in some instances to be



not innate but learned from the example of their parents or

others of their kind, We learn from Lockwood Kipling's Beast and

(1892)
Man in Indiaﬂthat the young Cheetah is not worth catching, for it

has not learned to hunt and its human captors cannot teach it.
Konrad Lorenz;lﬁggwfamous student of animal behavior, owned a
female Imperial Eagle, acquired after she was already mature, who
even when hungry refused to harm a hair of the rabbit that was
offered to her. Facts such as these, which might be multiplied,
puggest that neither the predator's fierceness nor the timid
hunted creature's shyness is an expression of its essential or
inmost nature. These contrasting attitudes arose because they
were needed for survival; when the need is satisfied or removed,
the conduct and the accompanying emotions vanish. This conclusion
In his escay on abstinence Trom flesh,

was reached by the ancienta:;Porphyry guoted with approval
Aristotle'a statement that if all animals enjoyed abundant food,
they would not act ferociously toward each other or toward man,

What remains in the animal when these disruptive tendencies
have been neutralized or eradicated? Either indifference to
creatures of other kinds or a measure of positive attraction.
Social or gregarious animals are, as a rule,llittle drawn to
animals of other species as long as they can find comrades of
their own kind, but in the absence of these they may seek hetero-
genous companions. A solitary horse at pasture stays nearer his
master than one with equinefriends. Some kinds of birds that,
even outside the nesting season, retain too much territorial

exclusiveness to associate with others of their kind, nevertheless

attach themselves to mixed parties of distinct species, one indi-



vidual of the exclusive species in each flock, as though prefer-
ring some companionship to a wholly solitary life. The prettiy
Slate-throated Redstart of the Guatemalan highlands is a good
example of such behavior. Under domestication, when man has
brought together creatures of diverse sorts with little regard
for their natural affinities, the most incongruous companionships
may grow up between individuals deprived of access to others of
their kind., Domestic horses have contracted friendships with a
gwan and a hen, and wild mustangs with bison. Dogs have accépted
as comrades a variety of animals that they usually persecute,
including a deer, a peccary, an otter, a lioness, rabbits, and
squirrels. Crows can be trained to dwell peacefully with owls.
These are a few of the strange companionships that naturalists
have recurdad:iDobie 1945),

Just as evolution has covered certain animals with hard cara-
paces or sharp quills to protect their tender flesh; so it has
overlaid their basically pacific nature with fierceness, to help
them to* survive in a fiercely competitive world. But the fierce
temper is as superficial as the protective integument. Hereditary
enmity, the normal relationship between predator and prey, tends
to digsappear if individuals of both categories are reared together
soon after birth, before one has learned to kill and the other to
fear, and enough food is provided for both. Even animals as fierce
and powerful ags lions, leopards, bears, and wolves will grow up
as affectionate friends of the person who attends them gently from
an early age. Parhapé only animals of very low intelligence, which

seize their prey by a reflex act little subject to inhibition by



the higher nervous centers, are intirinsically incapable of

becpming trustworthy companions. Without the ferocity fomented
by hunger, and the timidity of victims of predation, the whole
animal kingdom might become the pacific community that Isaiah

envigsioned,

. Sexual Rivalry

The second great source of stirife in the animal kingdom is
gexual rivalry. Whereas hunger brings discord between different
species and is far legss a direct cause of conflict between
animals of the same kind, the reverse is true of the enmity
stirred up by the reproductive passions. This is displayed
almost exclusively between individuals of the same species and
sex, usually between males; although in a few kinds of birds in
which the usual roles of the gsexes in courtship and parental
care are reversed, as in the phalaropes, jaganas, and Spotted
Sandpipers, the female is more aggressive than the male. Among
vertebrates, sexual jealousy does not, as a rule, arise until
the animal approaches reproductive maturity, and in nearly all
species in a state of nature it is intermittent, occurring only
in the gseason of rutting or mating. Gregarious birds and mammals
of the male sex, who have grown up peacefully together in flocks
or herds, become antagonistic to their former companions and play-
mates as they mature, At this stage the males of numerous mono-
gamougs species separate, Each claims a territory that he defends
against others of his sex, while he uses all hig arts to attract

a mate. Polygamous males may fight stubbornly to drive away all



competitors and become each the sole master of a harem, But
after the close of the breeding season, these same rivals may
reunite in a peaceful group.

This strenuous sexual rivalry is induced largely by hormones
that the reproductive organs release into the blood siream at
the period of their greatest development and activity. It has
long been known that geldings and oXxen graze pacifically together
while stallions and bulls brook no rivals. Castrated pigeons
and other birds remain tranquilly with their male companions at
seasons when they would normally fight, Conversely, by injections
of appropriate hormones, quails can be made pugnacious in the
winter months when otherwige they would be foraging in amicable
flocks., Here, too, the basic and primary state of the animal is
pacific and sociable. Sexual jealousy, with all the exclusiveness
end sometimes fierce belligerency that accompany it, results from
the modification of this prevailing condition by a chemical
poured into the blood stream ana acting upon the nervous systenm,
thereby indueing distinctive attitudes and modes of behavieor.,
There are reasona for believing that this whole arrangement was
brought about by natural selection, because of the advantages
that accrue to a species in a world of conflict when the strong-
est males win more mates and leave more progeny than the weaker
ones, or when the breeding individuals are scattered rather than
crowded together.

In many species, the male reproductive apparatus is a Nessus'

shirt that diffuses a subtle poison through the unfortunete



animal, destroying his amiable tranquility and bringing on a sort
of madness. The hormones it releases have much the same effect ag
& blow in the face of a peaceful man, who doubles up his fists to
strike back almost before he is aware of what he is doing. The
effects of anger, as of fear, are intensified by a hormone that
quickens circulation, deepens breathing, and ten?géflgﬁt no special
hormone is needed to make animals placid and sociable. This is
their primary state, which may be masked by the goading of hunger
or the disquieting secretions of the sexual glands, but can hardly
be permeanently altered without destroying their health or sanity.
Yet even in this upsetting matter of sexual jealousy, life's inte-
ansechates

grative force has assertied itself, turning rivals into fatifie

and making of competition a mode of cooperation, g% in_the.couri«,

=hip asnscemblies of male birds mentiened in ch&pte'ﬁ:-*&“%}%
. How S8trife Entered the Living World

Our gurvey of some of the pertinent facts of animel behavior
suggests that friendly or integrative attitudes are more funda-
mental or central, closer to the basic, unmodified character of
animal lifh, than hostile or disruptive attitudes. When we reflect
upon the origin of organisms, we see that it could hardly be
otherwise, Life arose as a late phase in a long cource of harmoni-
zation, which is, above all, the process of building up coherent
patterns. Life could not flourish on this planet until cosmic and
terrestrial developments had prepared a fairly stable, orderly
environment for it., First, diffuse nebular material condensed into
definite, widely separated bodies, moving rhythmically in dyneamic

equilibrium with distant neighbors. Then on the cooling surface
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of the Earth the mixed vapors separated out, forming the atmos-
phere and the oceans, with -hem emergent areas of land, The peculiar
properties of air and water, the regular diurnal rotation of the
sphere, stabilized the temperature within limits compatible with

vital processes. Only in such a moderate milieu'!, shielded alike

. from extremes of heat and cold, of radiation and chemical activ-

ity, could the integrative process that is life be carried for-
ward. Then atoms could unite in molecules of extraordinary com-
plexity, and these join in colloidal masses, which enclosed them-
selves in delicate membranes that regulated their exchanges of
materials with the environing world,

As evolution proceeded, the primitive cells, instead of separ-
ating into independent halves after each fission induced by their
increasing size, remained in contact and gave rise to multicellu-
lar organisms. As these aggregates of cells grew in bulk, those
on thé outside were exposed to conditions different from those
near the center, and this diversity of situation induced differ-
ences in structure and function, Distinguishable tissues arose
in these early organisms, and with continuing evolution diverse
tissues were grouped into distinct organs. Eventually, animals
and plants were equipped with a great diversity of organs,
external and internal, each with its own marvel;%usly complex
structure and its particular function in the economy of the whole
organism, To ensure the proper coordination of these separate
organs and functions, each so necessary to the welfare of the
whole body, integrative devices developed in the form of the

nervous system and an array of chemical messengers which, released



into the circulatory system by one organ, effected correlative
modifications in others, often widely separated from the first.
And while this internal development was proceeding, the whole
cellular community remained sensitively responsive to modificat-
ions in its surroundings, for its prosperity depended, above all
on close adjustment to the environment that sustained it.

Thus life could not appear until it found a fairly stable
environment. From first to last, ita evolution has depended upon
harmonization, not only for the close integration of an increas-
ing multiplicity of parts but likewise for adjusting this manifdld
to ito ambiencde, Life arose out of harmony; it is a constaﬁt en=
deavor to preserve and increase harmony; it languishes or perish-
es with the failure of harmony, either in its internal arrange-
ments or in its relations with its milieu. How, then, did this
tender and delicate thing, this triumph of harmonization, ever
become 6apahla of violence?

Strife arose from the collision of patterns growing up at
separate centers and incapable of coalescing into a single whole.
Such fusion was impeded by the integument in which each living
unit found it expedient to enclose itself in order to carry on
its intricate processes without much interference from outside.
Moreover, the complex molecules of the living substance, although
exhibiting a fundamental similarity in chemical constitution, soon
acquired different structures in diverse organisms, so that the
simple fusion of distinct masses of protoplasm was no longer
posgible. The great profusion of 1life, the tendency to initiate
these patterns of superior complexity and integration everywhere

on tle Earth's surface that they could exist, inevitably resulted



in the clash of living things, which is but a special instance
of the general truth that the vaspoeniserswilty ¥f the impulsion
toward harmony gives birth to disharmony.

Increagse in the number of organisms not only resulted in more
frequent physical contacts beiween them; so many living things
absorbing nutrients from th?ir ambient impoverished the medium
and made the maintenance of life more difficult. Conditions were
approaching an impasse that might have blocked the evolution of
15.fe had it not been broken. Finally, some of the primitive
organisms developed the capacity to break down the substance of
other organisms, take it inﬁu their bodies, and incorporate it
into their own protoplasm., Possibly at first they £¥¥¥i%5d only
dead organisms in this way; but since many of the protista
multiply by simple fission and probably never die of old age,
lifeless protoplasm might have been available only where the
excessive heat or insolation of some exposed pool had destroyed
ijtes inhabitants; or where overcrowding of these minute creatures
potentially endowed with immortality caused many to perish fronm
malnutrition, thereby releasing for the hardiest and most adapt-
able survivors the materiﬁls they needed to preserve life,

Whether or not the earliest organisms that nourished them-
selves on other organisms consumed only dead ones, it is certain
that eventually living things began to prey on each other. This
prepared the way for a tremendously long and intricate evolution
in two complementary directions. In the first place, the organisms
most helpless in the face of the primitive predators would be

devoured in greatest numbers; while those that could move away,



or were protected by a resistant envelope or a peculiar chemical
composition that made them unacceptable to their enemies, sur-
vived and multiplied in=larger-numbers, Every character that in-
creaged the gsecurity of victims of predation acquired survival
value; mutations improving such features had still greater sur-
vival value; and lineages whose existence depended upon swift
retreat, or concealment, or protective incrustations, or a fecun-
dity able to compensate for high mortality, started down the long
evolutionary road, As the victims of predation became more adept
at avoiding capture, the predators simultaneously incereased their
speed or craft or strength for overcoming their prey, for those
best endowed in any of these ways were most adequately nourished
and, on the whole, left more descendants. Another category of
animals, specialized for predation, began to evolve, producing

by adaptive radiation an ever-increasing array of types, and
keeping pace with the prey, which by developing fresh modes of

defense or escape fled them down the geologic ages.

Strife Intrudes into_Reproductive Activities

At first, simple reactions sufficed the predatory animals for
capturing victims that possessed only equally stereotyped reactions
for escaping. But with the increasing size and structural complex-
ity of both predators and prey, more complex innate patterns of
behavior were impressed upon their nervous systems, on the one

hand promoting the capture of victims, on the other, escape from
the pursuing predator. Concomitant with the evolution of the

nervous system was an intensification of psychic life, which



necessarily corregsponded with each animal's mode of existence.
Predators became bold and fierce, egspecially when pricked by the
pangs of hunger; creatures whose safety lay in flight or conceal-
ment became timid and secretive., Intelligence, slowly increasing
to give greater plasticity to the behavior of certain gifted
animals, was at first almost wholly under the dominance of those
appetites and ewmotions essential to the survival of the individual
and its race, so that its mind was swayed by greed, rage, and
anger,oay fear, hatred, and suspicion,

With the growth of the carnivorous hebit among animals, death
crept over the Earth in countless guises, and to compensate for
its ravages, the multiplication of individuals became urgent.
Animals with many diverse parits could not, like their most primi-
tive ancestors, multiply by simple fission, and more complex
modes of reproduction became indispensable, Instead of giving its
whole self to produce two replicas of itself, in the manner of
the humblest organisms, the multicellular creature set apart a
fraction of its body to generate several or many offspring at first
wholly different in appearance from itself, Instead of a single
individual's sufficing to propagate its kind, the cooperation of
two individuals became necessary throughout the metazoa, the
reason for this complex arrangement being that by mingling the
traits of individuaI% a greater variety of offaspring is produced,
some displaying new characters or combinations of characters that
bring advantages in the increasingly intense struggle to survive,.

The cooperation of two individuals in reproduction demands a

high degree of harmony between them, Their exterhal-genitalia -



must be complementary; their physiological cycles must be so
adjusted that they are simultaneously ready to mate; their patterns
of behavior must be coordinated; their germinal cells must have
mutual affinity so that they fuse; and their genetic constitutions
must be such that when combined they produce a well-integrated
organism, If the two parents remain together after the fertili-
zation of the ova and cooperate to rear the young, their inter-
actions with each other and with their developing progeny must be
closely adjusted. At least at higher psychic levels, this intricate
process is colored by appropriate emotions, the chief of which,
love, is the most powerful agent of concord among individuals.

The whole reproductive process, in its physical no less than in

its psychic aspects, is a masterpiece of harmonization in the
living world.

The intrusion of disruptive, hostile passions and behavior
into this realm of subtle and delicate adjusiments is one of the
great paradoxes of animal life, explicable only when we under-
atand how sexual rivalry is related to the deadlier conflict
between predator and prey. The strife stirred up by the carni-
vorous habit finally insinuated itself into the intimate internal
relations of each affected species, whether of predatory animals
or their victims. Among the former, any system that would make
the strongest and most pugnacious males most successful in winning
mates and fathering offspring, would help the race to attain
maximum efficiency in running down and overpowering its prey.
Among the latter, the selection of the hardiest and boldest males

ag sires would result in progeny betiter able to escape their



pursuera by sustained flight, or even to confront them when the
presence of defenseless young made retreat inexpedient.

Accordingly, natural selection promoted the fierce competition
among the males of many mammals and other animals that tends to
deprive the weaker or less enduring individualgfa share in repro-
ducing their kind, while jfhe more powerful ones pass on their
gize and vigor to the next generation. And this fighting, as
Darwin recognized, led indirectly to the origination or further
development of horns, antlers, tusks, claws, spurs, and other
offensive weapons on the one hand, of tough skin, a&fig :F;gds,
capes of feathers, manes, and other protective coverings on the
other hand, no less than to the increase of sheer bulk, stirength,
and endurance in the contestants., Much of this offensive and
defensive armament helps the animals that wear it, in their en-
counters with hereditary enemies as well as in duels with rivals
of their own kind. But perhaps the energy and determination
needed for the effective use of this equipment in intrasexual
struggles is, in the long run, of greater value to the species
than the often clumsy and bizarre excrescences themselves. Thus,
the strife betweeh predator and prey abetted sexual fighting,
which by selecting the victors to become parents made this strife
ever more savage.

By so long and devious a path has the. impulsion toward
harmony of which life is a product become entangled in antagonis-
tic habits and attitudes, been armed with a vast array of aggres-

gsive and protective devices; until, regarding the living world



superficially, one might suppose that discord rather than
concord, war rather than peace, is its fundamental character

and prime necessity. But an intimate study of its origin and
nature reveals that this conclugion ig falge. Disharmony can
never be more than froth upon the deep current of life. A system
of relations so extensive and intricate remains intact solely by
virtue of the harmony that pervades it; to saturate it with
strife is to ensure its dissolution. In structureg, in functionsg,
in emotions, harmony is the pulsating heart of life; discord, the
armor it puts on to confront the world. And from this discord,
growing out of the physical problems of life, moral evil at last
arose when, after millions of years of glow evolution, man became
capable of foreseeing the future and choosing between alternative

cources of sction,

A Diagram of Animal Nature

For clarity and brevity, the conclusions reached in this chapter
are summarized in the accompanying diagranm, which includes man,
who shares so many attributes with his brother animals, and in
whom some of the tendencies of animal life reach their most
revealing expressions., At the center of our diagram we place
the primary nature of organisms, which in man has been called
the central self. A product of life's formative agent, harmoni-
zation, whose expression in living things is growth, it is the
same in all of them, plants as well as animals, and ig every-
where creative and pacific. This ig mont clearly evident in
green plants able to synthesize their own food from elements
preagent in air, weter, and scil, an achievement that exenmpts

them from the necessity to exploit other crestures. The primary



nature of the higher animals is expressed by friendly or loving
attitudes, cooperation, caring, and creating.

Animals astart with a handicap. Unable to synthesize their own
food, they must exploit other living things and often struggle

with them
stubbornly , to survive, This conflict has developed their secon-
darg nature, which surrounds theiy primary nature like an armature,
and is represented by a ring around the centiral cirecle. Their
secondary nature ig, in varying degrees in different species and
individuals, aggresasive-defensive, belligerent, suspiciousn, selfish,
iragecible, fearful, and lustful.

Animals in which the secondary nature is highly developed and
untamed are unfit for social life, To live in societies, this rude
secondary nature must be mitigated, suppressed, or somehow conﬂalled,
50 that elements of the primary nature may break through it-— the
procens of nocialization. Many animals appear to have become in-
nately gsocialized as their societies evolved, but a measure of
training ortgiample of their elders may be needed to finish the
process. Ornithologists have noticed that Florida Scrub Jays,
arabian Babblers, and Jungle Babblers of India, often disorderly
and quarrelsome when young, become as they mature well-behaveq
memberns of their pacific cooperatively-breeding groupn. Young
humans are socialized by Adiscipline, example, and education dur-
ing their prolonged immaturity. The result of this procens is the
tertiary nature of gsocial animals, which we represent by a ring
around the secondary nature. The attributes of this tertiary
nature are an unstable mixture of primary and secondary elements,

in proportions determined by the innate quality of the individual

and the character of its society,



The ringn around the primary nature are not impenetrable
barriers. In socialization, attributes of the primary nature
penetrate the secondary nature to become manifest in the tertiary
nature, as is indicated by arrowg extending from the central
circle to the outer ring. Occanionally in other social animals,
and all too frequently in man, attributes of the secondary nature
oreak through the social restraints, as is suggeasted by arroné
passing from the armature to below the outermost circle, When
this happens, animals tecome aggressive and destructive members
of their societies, humans become cdangerous criminals, often of
the blackest casg or dominating their nsociety, cruel, oppressiee
tyrants.

As we know only too well, our actual nocietien are not the
harmonious associationg of friendly, cooperative people that we
long for them to be. Our treatment of the natural worlda that
supports us Rhreatens to wreck it; we abuse and needlessly aslaughe
ter beautiful, harmless animals that deserve our protection. Peow-
ple whogse primary nature burns strongly within them, perhaps
thinly overlajid by their secondary nature, yearn to transcend
the narrowness of their societies. They wish to live in harmony
with all creatures, not only their fellow citizens. In their
ef{forts to achieve %this more inclusive harmony, they may adopt
habits that cause them to be mocked, avoided, or persecuted. They
rise above the conventional level of their nociet%::, often to
lonely heights, as we indicate by arrows passing from the central
circle through both enclosing rings to rinse above the outermost.

Qur diagram corroborates the judgment of philosophers who long

ago proclaimed that human nature, despite its manifold blemishes,



iz intrinsically good. The Socratic doctrine that people naturally
teek the good but migtake it, hence can be made virtuous by teach-
ing them %to judge correctly, is recognition of man's basic good-
necn. Far away in China, the cage Mencius (1942), who can hardly
have been influenced by the Athenian philosopher, compared human
nature *o a mountain that had been wooded with beautiful trees,
which were ruthlercly felled to supply timber to a neicgboring
city, leaving desolate slopec where every aspiring shoot was crop-
ped by cows ana goats, Similarly, the benevolence anc moral recti-
tude that are man's natural endownenti are weakened by his daily
toil., Mencius could not have known for how long an age, under

what harnch conditions, evelution had been weaving an aggresslive-
defengive armature that tends %o mank the central goodness of

man and other animals,

As nagen have long recognized, obgsession by the dicturbing
passions of this «armature is human bondage, émancipation from
their opprescive dominance is freedom and mental tranquility.

When the motivation of one's acts asprings from his primary
nature, uninfluenced by secondary accretiong, he concistently
chooaes the course that bect promotes harmony, an far as he can
forenee the conceguences of his actions. His will is free, not
by viriue of some nebulousn indeterminacy, but because it iz an
expreasion of higs true and inmosnt self; anad who can be {reer
than one whosne course in determined by %the process that formed
and sustainge his body, gives cohevence to his thoughta, and

henevolence to his will,
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CAFPTION FOR DIAGRAM

The central circle represents the primary nature of all animalg,
including man. This is surreunded by a ring reprecenting their
secendaly ;ature, whieh in turn is enclesed by a ring represente
ing their tertiary, er secialized nature, At the bettem of the
circle and each ef the rings are seme of the atiributes coerres-
pending te each nature, mest ef which will be manifest enly at
higher psychic levels. Arrewg peinting eutward indicate that ele-
ments frem ene sphere enter enclesing spherea, medifying their
character; er they transcend the external ring, a5 when the pace-
ific primary neature rises abeve a belligerent seciety, or when,
at the oppesite extreme, the aggressiveness ef the secondary

nature escapes secial restraints te tmaker outlawr., Fer a fulley

explanatien, see text.
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1 MUTUAL AID AND SOCIAL RELATIONS

To emphasize the vact disproportion between the number of plants
and animala of all kinds that nature produces and the number that
can survive to reproduce, and the resulting severe competition
between individuals of the name species no lens than between

those of different species, was essential to the argument of

Darwin's The Origin of S8pecies by Means of Natural Seleciion,

Evolutionary change depended upon the survival, in this cease-
less siruggle, of those bent fitted to survive. To Darwinists of
the latter part of the nineteenth century, nature was "red in
tooth and claw," a monster who proclaimed "I care for nothing,
all shall go," But it would be unjust to hold Darwin solely resne-
pongible for the prevalence of this attitude. The famous phrases
just quoted were written by Tennyson between 1833 and 1849 and
published in 1850, nine years before the appearance of Darwin's
great work,

Obnessed by the idea that relentless struggle is indispensable
for evolutionary advance, the Social Barwinists advocated a come
petitive nociety, with few props for the weak and the faltering.
They neemed to forget that the attributes which most promote sur-
vival and reproduction in a fiercely competitive system are not
those which raise man above the level of the shark and the tiger.
Fitness to survive and fitness to live in a society of which spire

4.

itually awakened people can be proud are two quite different things.

A

Although from Darwin's later writings, especially The



- Descent of Man and Selection in HRelation to Sex, it is clear that

he recognized that cooperation no less than competition influences
the course of evolution, particularly in man; it remained for
othere to demonstrate how widespread is ¢boperation in the

living uﬁrld. Perhaps no one did more to promote a more balanced
attitude toward evolution, at least among English-speaking

people, than Prince Piotr Alexeivich Kropotkin, a Russian-
nobleman and anarchist long resident in England, who in 1902

published a book on Mutual Aidia Factor in Evyolution, the

chapters of which had appeared in the preceding decade in the

Nineteenth Century.

Kropotkin's work has been condemned as uncritical. At the
time he wrote, scarcely any of the patient, systematic, critical
field studies of free animals that are now available in increasing
numbers had been made; he had, perforce, to select most of his
examples of mutual aid in the animal world from incidental
observations, especially those of travei}éf& and huntsmen. But
his approach was essentially sound; and no one caérggggse him of
a one-sided attitude, or failure to recognize the prevalence of
conflict in nature. ‘'Rousseau, ' he wrote, "had committed the
error of excluding the beakwand-claw fight from his thoughts; and
Huxley committed the opposite error; but neither Rousseau's
optimism nor Huxley's pessimism can be accepted as an impartial
interpretation of nature," Kropotkin believed that animals
associate together not only for the security that numbers give

but to increase their enjoyment of 1life; he surmised that birds

often fly in flocks ""for the mere pleasure of the flighﬂq%/



Modern biologists are inclined to scorn such notions as
unscientifi% and to account for all enimal associations by their —
purely utilitarian function of promoting survival and reprodumction;
but unlegs creatures find some gsatisfaction or joy in living, and
this increases along with advancing organization, evolution,
which multiplies their kinds and elevates their organizaetion, is
futility on a stupendous scale, signifying nothing.

More recently, W, C, &lleg;?%iih of the University of Chicago,
explored cooperation in nature, performing with his students
many carefully controlled laboratory experiments to demonstrate
that :;E;:igmgn groups help each other to survive. He proved
that animals, such as goldfish in a tenk poisoned with colloidal
silver, planarian worms exposed to ultra-violet radiation,
mearine worms transferred to fresh water, buffer each other from
adverse effects and survive longer if exposed to them in groups
then singly. Sea-urchin eggs develop more rapidly when crowded
than when scattered; and certain bacteria fail to multiply if
too few are inoculated into the culture medium, Accordingly,
Allee recognized an ''unconscious proto-cooperation' among
organisme low in the evolutionary scale, and traced its growth
into the more advanced cooperation of higher animals. He recog-
nized that for many orgenisms there is an optimum concentration,
neither too sparse nor too crowded, which most promotes vital
processes.,

In the natural, ss in the human, world, cooperation and
competition are so intimately intertwined that it is often

difficult to disentangle them, I am impressed with this truth

as, through my study window, I gaze out upon the forest dripping



from October's torrential rains. The dominant trees in this

rain forest compete intensely for a place in the sunlit canopy,
where alone some species can flower and set seed freely. Probably
not one in ten thousend seedlings succeeds, after many years of
patient growth, in thrusting itself up into this privileged
position, for which it must often wait until the giant beneath
which it germinated dies of old age or falls in a windstorm,

Yet these trees, bewildering in variety, that compete so strenu-
ously with each other, create the conditions indispensable for
each other's growth.

One might suppose that trees which find competition in the
forest so severe would be the first to take advantage of a clearing
tha& men had made in or adjoining the forest and abandoned after
teking off a crop or two; their a;eds are often carried to such
clearings by birds, bats, terrestrial animals, or wind. But
nothing of the sort happenss the trees that invaede the new
clearings are nearly all of different, quick-growing species that
are rare in the forest, where they occur chiefly in openings made
by the fall of a great tree. Only after the gecond-growth trees
have profoundly changed conditions in the clearing do the true
forest trees invade it; many years, probably centuries, must pass
before the original forest is reconstituted. The forest trees not
only compete with each other; they cooperate with each other to
create a favorable environment for themselves and all the lesser
creatures that depend on them.

About the edges of this same forest over which I look, I
find the courtship assemblies of %¥he male Orange-collared Manakins,

of whieh I shall tell more in the follewing chapter. These tiny,



brisk birds compete pacifically for the females of their kind,
who come to have their developing eggs fertilized. One might
assume that each manakin's chances of winning a temporary
partner would be better if he established his courtship station
at a distance from his rivals, instead of within hearing, and
often also within sight, of a number of them. But apparently
this is not true, for perhaps the majority of the aviaﬁ apecies
that follow this mating system display in groups or assemblies
rather than in isolation. They choperate to establish an assembly
that persists in the same locality year after year, and is large
and conspicuous enough to be easily found by the females, at the
same time that they vie intensely with each other to attract the
females who visit the asaemhly}?ﬂkutch 1992).

Hxamples of a similar mixture of cooperation and competition
amonghgﬁgpgre not hard to find. In a big city, shops that sell
gimilar goods are often located close together on the same
gtreet or in the same section. Although they compete with each
other for customers, they likewise help each other by making it
widely known that this is the part of the town where shoes, or
jewelry, or whatever one wants, is to be found. In both nature
and human society, opposites such as cooperation and competition,
good and evil, beauty and ugliness, are so intricately intermixed

that we must be wary of all sweeping generalizations.

' . Mutual Protection

One of the most widespread forms of mutual aid in the animal
kingdom is cooperation in escaping enemies, Everywhere the milder

birds and mammals appear to have formed a defensive alliance to



protect each other from the fierce predators. When they cspy

an approaching hawk, birds give special cries, often loud and
sharp, that cause others to fall silent and dive into the nearest
available cover .- not only other individuals of their own species,
but likewise birds of other kinds, so that a hush falls over
fields and groves as the raptor sails by.

Mammals and birds reciprocally warn each other of perils.
While intensively studying Mule Deer in the 8ierra Nevada of
California, Thane Rine%i%%%%n gaw the deer alerted to the approach
of a man or some other dangerous animal by the alarm notes of
birds that had noticed the animal first. The birds, of several
kinds, not only warned the quadrupeds of peril; by resuuing their
songs or other activities, they reassured the deer that the
danger had passed, so that the latter returned to their grazing
or undisturbed repose, By imitating appropriate notes of the birds,
Riney could not only alert the deer but also allay their fears.

On the African savannas, Ostriches often associate with
antelopes and other herbivorous animals. Because they are taller
than most of the associated gquadrupeds and have sharper eyesight,
they often warn their four-footed companions of impending danger.
It is probable, too, that they profit by the mammals' keener
cense of smell, when the approaching predator is not in sight,
or tries to steal up under cover of darkness. Once, while I stood
watching a covey of Marbled Wood-Quailsin a banana plantation,

a squirrel in the crown of a neighboring banana plant noticed me
and scolded sharply. Although the birds could not have been
unaware that I had been standing close to them; on hearing the

rodent, four of them instantly squatted down on the ground in



plain view, while the fifth vran behind a c¢léimp of bananas, I
remained motionless, and soon the gquails resumed feeding close
in front of me,

At the sight of a flying hawk, the gregarious Californis
Ground Squirrel utters a loud gheesk, which is repeated by
neighboring squirrels aa each slips into its hole., A series of
different noten warns the community of the presence of a snake;
and yet another call advises neighbors that a man, a Go0g, or a
coyote ig approaching (Bourlidre 1954).

Many kinds of animals find safety in numbers., At the approach
of a Peregrines Falcon, Buropean Starlings flying in a flock bunch
more compactly and make sudden, closely coordinated turns. A
Talcon dashing into such a dense Tlock at %tremendous speed would
injure itself by célliding with some of the starlings, hence will
try to sebze only an isolated individual (Tinbergen 1951), Simi-
larly, a flock of Cedar Waxwings, repeatedly menaced by a Cooper's
Hawk, contracted into a dense mans and veered anside in unison
each time the raptor tried to seize one of them, always failing
(Meyerriecks 1957). As I was finiching this book, I received ihe

National Geographic for November 1988, with an underwater photoe

graph by Davicd Doubilet of a rchool of Crevalle Jackfish aowimming
in close contact while they chased a great barracuda that they
had thwarted when it attacked them., On the ground, in the air,
and under the water, gregarious animals employ similar methods

to baffle their enemies.

The caterpillars of several kinds of butterflies live in



clusters, comeiimes dozens of hundreds of them forming a con-
npicuous, compact csheet on the bark of a tree., Since at least
some kindg of these gregarious caterpillarg are palatable to
birds, one might suppose that to make themselves so visible
would be disacirous, But it han been demonstrated in the case
of 4“he Small Torioicseshell and the Peacock %that certain birds,

such as redatarts, hesitate to attack the caterpillars while
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clustering, although they devour one of the same kind if they
find it alone. Why the birds avoid clustered harmless cater-
pillars remains unexplained (Tinbergen 1958).

In other ways, too, the massing together of small creatures
may give them a measure of safety. Midges flitting back and forth

in a denne aggregation, crowded tiny animals darting at randon



in the water, may be harder to catch than if they were more
thinly dispersed. A predator closely pursuing one of them sgeens
to be thrown off the track by another gudd;nly crossing its path.
Allee, who noticed that goldfish ate fewer, rather than more,
Daphnia when these small crustaceans were ve;y crowded in the
water, called this the "confusion effect'l,

From ancient timea,it has been known that an owl drowsing
on an exposed perch in the daytime is often surrounded by a crowd
of small birds of the most varied kinds, all flitting closely
around the sleepy raptor and calling in a medley of volices.
The Greeks, as we learn from a remark in the Olympian discourse
of Dio Chrysostom, supposed that the birds were admiring the owl;
but the modern explanation is different. Similar behavior, known
as ”mobbing“,lis elicited by a perching hawk, a snake, a cat,
and indeed an& animal dange;oua to small birds or their nests.
Attracted by the hubbub, I Have sometimes found nothing more
formidable than a very large, moribund moth at the center of the
crowd of excited birds.‘The birds scarcely ever touch the creature
that they mobs but I have known Riverside Wrens and Rufous-fronted
Thornbirds to peck snakes a dozen times their own length, always
being careful to keep away from the gerpent's head. Mobbing
serves to warn every small animal in the vieinity that a potential
enemy is present, It is always a great advantage to know exactly
where one's enemies are; not the snake that is seen, but the
snake that escapes detection, sinks its venomous fangs into the
unwary pedestrian's leg.Moreover, by joining a group of mobbers,
ynungaﬁérggiégggnggséc: 32;2?&; :ggngﬁnggr?%géh a warning signal,

as they flee from an actual or potential enemy. FPigeons gome times



clap their wings loudly as they take flight, thereby alerting
~other pigeons. Hares thump the ground with their feet. The
Agouti, a largerrtggﬁlea; terrestrial rodent of tropical American
forests, emits a startlingly loud note, like a harsh sneeze, as
it bounds away from an approaching man. Although the Agouti is

& solitary animal, the only evident function of this revealing
cry is to warn other Agoutis in the surrounding woodland; if

it fled silently, the animal would more often escape detection
and death.

The white caudal flags that White-tailed Deer and Cottontail
Rabbits flaunt so conspicuously as they bound away seem also to
serve as warning signals to others of their kind; the animals'
own safety mdght be better served in they held their tails down,
rather than up, as they flee. More complex is the warning behavior
of the African Springbuck. Along the posterior half of the back
of this antelope is a.double fold of skin forming a narrow pouch
lined with pure white hairs from four to six inches long. When
alarmed, the antelopes leap high into the aif with body curved,
legs close together, and head down. At the same time, the pouch
is everted, displaying the long white hairs like a fan over the

rump.

. Bocial Hierarchies

Since the Norwegian T, Schjelderup-Ebbe published his study of
the social psychology of the domestic hen in 1922, much has been
written, in 'popular' no less than scientific publications, about
social dominance and deapotism among snimals, including man,

In certain flocks and herds, all or most of the individuals are

arranged in a hierarchy of power or privilege. In hens, social



rank is revealed by the peck order. The top hen pecks all the
others, but is pecked by none. The second hen is pecked only by
‘the first, and she pecks all the others except the first. The
third hen pecks all except the first and second, and so onj.
down to the most aubordiﬁﬁta heﬁ, who is liable to be pecked by
all her associates in the flock but is too timid to retaliate.
gg_;gfgﬁe knows who has tried to put a hand beneath one of the
more peppery hens while she incubates or broods her young, a
hen's peck can be painful. At times a triangle develops somewhere
g}n such a series, A pecking B, who pecks C, who in turn pecks A,

The situation among hens is known as "peck right%. In
domestic pigeons it is more complex and known as "peck dominance'.
The pigeon that is pecked does not always tamely submit to this
aggression but often returns what it receives. To discover the
hierarchy in a flock of pigeons requires long, patient watching
and counting of the pecks delivered in all directions. A bird
who pecks another more than it is pecked by that other is
considered to be dominant over the other,

Social hierarchies have been demonstrated in animals the most
diverse, including fishes and lizards, gregarious quadrupeds,
monkeys, and n&n., Among cows, the dominant animal butts her
subordinates with her horns; amonghxgzrsas everyone knows, social
dominance is shown in the mogt varied ways, bluﬁt or subtle, and
often no less hurtful than a hen's peck or a cow's butt.

The position of an animal in a social hierarchy depends on
various factors, some of which are obscure. Age and experience are

certainly of the greatest importancej; the youngest members of any

group generally stand at the bottom of the ladder and must gradually
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work their way upward, suffering many h&emreh rebuffs on the way,
Strength and vigor count for much, but temperament is equally
decisivey a large but mild enimal may yield to a smaller, more
aggressive companion. Intelligence may also help to win a high
rank. A high-ranking animal who becomes sick or suffers an injury
may fall from the top to the bottom of the hierarchy. A newcomer
in a flock or herd, timid amid strenge companions and unfamiliar
surroundings, usually enters it with a low rank; but if a strong
or aggressive bird or mammal, it may soon fight or bluff its way
upward.

Sex also influences social rank, but in no invariable fashion.
In Budgerigars or Shell Parakeets, females are dominant over males
when they are not nesting; but while breeding is in progress, the
males dominate their mates and are said to drive them back to
their eggs when they attempt to leave, In the Buropean Jay and
the Canary, however, the situation is just the reverse: the male
of a pair is dominant over his mate inlthe off seasonj but as

(Shoemaker 1939).
nesting beginq’ahe assumeg the ascendancyh In some birds, sguch
as the Jackdaws that Konrad Lorengiﬁggz at Altenberg, the female,
whatever her original rank, acquires that of the daw with whon
sﬁe mates; so that a low-ranking female may suddenly find herself
at the top, if she wins the leading malé?ﬁaﬁghﬁif?gggl reader
of history will doubtless recall parallel cases smong people,

Some naturalists have contended that for successful coition
the male must win dominance over the female, but this fallacy
appears to result from the confusion of spatial position with
petsonality or social standing. 1t would be as logical to maintain

that the motorcar is dominant over the mechaniec who crawls beneath



to repair it. Not infrequently, as I have seen in woodpeckers

and has been reported in other birds, male and female alternately
mount each other, Sometimes the male of a pair is the stronger
character, sometimes the female; and I have watched many a pair
of birds build and attend their nests without any indication that
either lorded it over the other.

Dominance in a flock or herd confers several advantages,; The
dominant animal has the first choice of food; if the source is
spatially limited, as at a feeding table for birds, it may eat
first, while the others follow in the order of their rank. In
times of scarcity, social standing may determine survival; the
lowest—-ranking individuals, pushed %to the outskirts of the feeding
flook, watchful to avoid the pecks or nips of their superiors;
ag well an predators,

.may not manage to eat enough to keep alive. Low gsocial rank.::
appears to be one of the reassons why the juveniles of certain
birds, such as %he Wood Pigeonu,méﬁkf%ﬁ%ﬁ?%& Py suffer a

much higher winter mortality than their elders. Dominant birds

can occupy the most coveted places in a communal roosti; end among
polygamous animals of all kinds, the high-ranking males most often
win females.

On its own territory, a bird is usually dominant, no matter
how low %t may rank on neutral territory — a fact that led Edwin
williiiiz7éefine territory as "a space in which one animal or

group generally dominates others which become dominant elsewhere!l

A number of jays, titmice, jeys, thrushes, and other birds fall
Tower in social rank, or mperhaps it would be more correct to say
that they become more timid and submissive, the farther from their

own territory they wander in search of food. Animals of nearly



every kind feel more confident on their own home ground.

Although not absent from free animals in their natural
environment, peck orders and similar manifestations of social
rank are most conspicuous in domestic animals, animals 1in con-
finement, animals at feeding stations, and in other more or less
artificial situations. In such situations social hierarchies have
been chiefly studied, Certainly the kind of despotism that has
been observed among penned chickens is rare among wild birds,
which are free to go elsewhere if too greatly harassed by their
companions in the flock.

In many social animals in their natural state, the high-
ranking individual is not the despot but the leader, the vigilant
guardian, the protector of the group who occupies the post of
danger, the peace-maker when disputes arise, like the patriarch

_ the senior male
emong gorillas, the matriarch among Red Deer, ag-will be-told

in a group of cooperatively breeding Jungle Babblers.

beyond. The true leader does not push his followers away from
food and water but sees that they have what they need. Alexander
of Macedonia, for all his fau;ta, showed his true greatness as

s leader when, marching on foot over sandy wastes under a blazing
gun at the head of his army, tormented by thirst like all his

men and barely able to stagger onward, he was given a helmet full
of water, all that his scouts could find. S3ince it was impossible
to divide so little water among so great a multitude, after
thanking the acouts’31exander poured it bn the ground in full
view of his troops, thereby raising their spirits as much as if

each had reckived a drink -— one of the finest things Alexander

ever did, remarked his biographer, Arrian.



Much hes been made of peck orders and other manifestations
of dominance hierarchies as a method of social integration. But
animals do not associate with others of their kind in order to
be pecked, nipped, butted, or otherwise mistreated and made to
feel inferior. Perhaps, however, their need to keep close company
with others — for protection, for help in finding food,; or just
for companionship.— is so great that they are willing to endure
such treatment rather than remain solitary. Feck orders and the
like appear to bewdo%‘rﬁ))i'%ﬁiea%t%hereby animals that are imperfectly
gocial manage to remain together without too much discord, 1If
such animalg mugt compete for precedence, vent their irritation
with each other, and otherwise display unfriendly attitudes, it
is dmr better that tﬂey promptly decide who comes first, who has
the power to domineer the others, and that they preserve this
order, than that they bicker continually over food, sleeping
places, and other benefits. In some animals, we notice great
disparity between the need for social cooperation and adaptation
to social life. In man, thig disparity is tragié: we yearn to
love and to be loved; yet so great are our asperities and
imperfections of character that our attempts to cultivate intimate,
enduring relations with others often end in bitterness.

Of all animals, the termites and social Hymenoptera seenm
most perfectly fitted for social life; yet the price of this
adaptation appears to have been loss of individuality. In the
most highly social birds that I have studied, not dominance but
perfect amity and equality appeared to prevail. Let us now examine

the true bonds that hold animel societies together,



4. The Social Bonds

The life of many 2nimals is a compromise between social and
antiaocial tendencies. BEven when they associate in large
companies, these imperfectly social animals hold each other
more or less aloof, each surrounding itself with a space within
which it does not willingly permit its companions to intrude.
This "individual distanceﬁt_aa it has been called, is a sort

with invisible boundaries
of mobile territory,that envelops the animal wherever it goes,

P. J. Condgifﬁg%iced that resting Black-headed Gulls maintain

an individual distance of about one body-length; but when
searching for food, their separation becomes greater, Tufted
Ducks on a lake in St, James' Park in London stayed two or three
body~lengths from each other. Swallows resting on a wire seldom
perch in contact but are often strung out at short and rather
even inter¥als. Frequently the individual distance is the reach
of a perching bird's bill.,

The most social birds, however, show no such coolness toward
their companions. While studying Groove-billed Anis, I noticed
no antagonism between the members of a group, no attempt of one
to dominate another. These highly social, communal-nesting, black
cuckoos widespread in tropicel America rest during the day, and
roost at night, perching in a row and pressing as close together

ag they can. If a bird in the middle flies away, the remaining

ones promptly sidle together and close the gap. Several aspecies

K, (1966)
of wood-swallows studied by&Immelmanﬁmin Augtralia perched in
VG, L, : (1956)

equally compact rows. In Kenya,ivan Someren,found from two to

gix White-cheeked Colies, known also as mousebirds, clinging



up;ight to a leafy branch, abdomen pressed against abdomen,

Among other birds that bunch together in groups containing more
than a single pair, at least when roosting at night, are Splendid
Blue Wrens, Ornate Bee-eaters, Long-tailed Titmice, and hanging
parakeets. Cold weather often induces clustering by birds that
ordinarily avoid contact with each other,

Among the bonds that hold social animals together, not the
least important ie reciprocal preening or grooming. Probably the
majority of birds preen only themselves, Others, including
pigeons, parrots, and toucaggi\ggg nngﬁgfg mates, especially
about the head and neck, where the feathers are inaccessible to
a bird's own bill. But in the most sociable of all, members of
a flock appear to freen each other indiscriminately. When anis
perch in a row, any one may nibble the feathers of any other.

In the days when this valley was still wild, Marbled wood-Quailp,
now so rare and shy that they are seldom seen, were so tame

that I could sometimes watch them for long intervals while
standing unconcealed only a few yards away. They were especially
eagy to observe when they foraged at the woodland's edge. After
scratching for food among fallen leaves, to the accompaniment of
soft, melodious, contented notes, a covey of six began to put
their feathers in order. Three rested close together on a low
branch, alternately billing each other's plumage, chiefly on

the head and abdomen, The one in the center performed this
gervice for its companions on either side, who reciprocated the
favor; and sometimes an outside bird reached past the central

one to bill the plumage or legs of the quail on the other end.



Presently a fourth bird jumped up to join the preening party
on the branch, while the remaining two were sgsimilarly engaged
on the ground. None tried to dominate another:(Skutch 1983),

Among primates, mutual grooming is a prominent activity that
probably helps to counteract the disruptive aggressiveness of
some species, particularly the baboons. So imfortant is mutual
grooming to nt&;lemurs that their dentition has been highly
modified to facilitate this activity: the front teeth of the
lower jaw project forward as a sort of comb, which appears so
poorly fitted for biting or chewing that it puzzled naturalists
until they discovered that it serves excellently for(éiiiiii%if)'
The true monkeys and apes work over each other's pelage with‘
their fingers rather than their teeth, removing dirt and external
parasites. This widespread primate habit persists among humans
with inadequate facilities for weshing. In the highlands of
Guatemala, where cold air and rarity of large streams discourage
bathing, I used to see Indian women sitting in the doorways of
their huts, diligently searching their children's hair for lice
or whatever infested it, putting to their mouths what they found.
Horses, although imperfectly social, nibble each other simultaneous=
ly, mostly on the withers at the posterior end of the mane. My
stallion and mare regularly exchangedthis courtesy after their
evening meal; yet, far from being a perfect gentleman, he would
drive her from her bananas if he finished before she didgs.

Not only does help in body maintenance bind social animala
more closely together, it may even draw animals of diverse kinds

together, A number of birds regularly pluck parasites from the

bodies of large memmala. In Africa, two species of sharp-toed



ox:peckers, belonging to the starling family, persistently climb
over the bodies of rhinoderoses, zebras, domestic cattle, and
other herbivores, relieving them of the ticks and other pests
that supply most of the*birds' food. In the Americas, cowbirds

of several species perform the same gervice for cattlepwﬁinﬁ&&nky,
and for free animals such as capybaras and tapivs, 8imilayl

the Bgyptian Plover plucks parasites from the thick hides o
crocodiles and even, if Herodotus and Pliny were well inforﬁed,
enter their huge mouths to clean between their teeth. Although
all these great animals are amazingly tolerant of their feathered
attendants, none seems to go out of its way to secure their
services (Howell 1979).

The situation among certain fisi®ise quite different, According
to a .regentd review by W, Wickle{ilﬁggakhrmer waters of the oceans
contaein no less than forty-~two species of fisﬂ?'belonging to
fourteen families, known as "cleaners'. These fishes specialize
in removing from the bodies of fishes of different kinds the
bacteria and external parasites that adhere to them, as well as
loogse or dead skin and particles of food. The clients, whovh are
often very much larger than their attendants, even open their
mouths and raise their gill-covers to permit the cleaners to
enter and search through the gills. The cleaners profit by eating
what they remove from their clients, while the latter are bene-
fitted by this cleansing of their bodies, so that this is an
excellent example of mutually beneficial symbiosis. The client
fishes make a practice of visiting the coral reefs where the
cleaners dwell, for a periodic grooming. The latter fearlessly

approach fishes that could easily swallow them and gently work

over their bodies, removing foreign matter, Occasionally,



perhaps in consegquence of a misunderstanding, a cleaner is

devoured by its client.

lea t
As too often happens when ai é%_ ‘able community of interests

people
grows up in the natural world or among nems sirangers butt in to
take a base advantage of the situation, One of the cleaner fighen

Lebroides dimidiatus, is mimicked by a quite different fish,

Agpidontus taeniatus, of the same size and similarly marked with

wide, longitudinalf%lack bands on a light ground. Advancing under
false colors, the sharp-toothed Agpidontus, instead of grooming
the client, bites pieces from its caudal fin., Despite the close
resemblance of the imitator to the cleaner in appearance and
mannerisms, the cliente learn to distinguish them; young,
inexperienced fishes appear to be the chief victims of the
deception.

Another social bond'is cooperation in feeding. FProbably
most flocking birds, from pelicans that dive for fishtfin the
ocean to swifts that catch flying insects high in the air, help
each other to find the richest concentrations of their appropriate
food, Oceanic birds, which are often dazzling white, or black
and white, can see each other from afar, and when they notice a
few of their kind repeatedly plunging upon a school of small
fishes or a concentration of squids, hasten to join the feast.
Similarly, aswifts coursing over a wide area can watch each other
flying above the treetops and converge on the spot where continued
circling raveals.the presence of many small volitant creatures.

Much closer cooperation in foraging was exhibited by the Marbled

WOdd-QuaiISalready mentioned, Standing elmost above them, 1



noticed not the slightest resentment when one picked food from
a space that another hagrg{earad by scratching, sometimes removing
it alﬁost from beneath the scratcher's body. If one found something
too large to swallow all at once, it did not run away with its
prize, as domestic chickens do, but amicably permitted its
companions to share it. Yet all these quailfappeared equally
mature and able to forage for themselves.

Many birds wander through the woodland in mixed flocks, which
are egpecially large and diverse in tropical forests. The members

A iieren e oraping habits: some climb over the

of such flocks have
trunks of trees, plucking insects and spiders from crevices in
the bark; others ransack dead leaves lodged in crotches and
tangles of vines; others glean caterpillars and spiders from
liviﬁg foliages still others dart into the air for flying insects.
Although the birds in these motley flocks are predominantly
insectivorous rather than frugivorous, and so take much the same
food, the help that they incidentally give each other seems to
outweigh competition, The insect put to flight by a bark-searcher
or a leaf-gleaner is snatched up by a vigilant flycatcher. The
continuous movements and varied calls of the birds gn these
parties make them so conspicuous that raptors should have no
canetold Anechapter g
difficulty finding them; but,doubtless the advantage of having
many sharp eyes to detect an approaching enemy outweighs the
hazard of conspicuousness, so that the birds are safer in the
motley flocks than they would be alone, Probably a feeling of

greater gsecurity and a desire for companionship, as well as

greater ease in finding food, induce these birds to forage in



the mixed associations.

By placing food in each other's mouths, animals establish
a 2till closer bond. Birds of many kinds feed their mates,
most frequently as the breeding season approaches and while
incubation is in progress. Usually the male given food to the
female; but occasionally she passes a morsel to him, as I have
seen in the White-flanked Antwren and the Tawny-bellied FEuphonia
and Mrc, Lawrence (1968) in the Evening Groabeak. By repeatedly
feeding the male Andean Hillstar who has entered her territory
in the high Peruvian Andes to court her, the female overcomes
hiz timidity in a strange situation, without known parallel in

' (Dorat 1962).
the hummingbird family, More rarely, birds feed companions other
than their mates: A group of Cedar Waxwings may pass a berry
back and forith, unitil finally one swallows or drops it., Scatter-
ed through the literature are instances of adult birds, including
2 blind American White Pelican, a blind Indian Crow, a Brown
Booby with only one wing, a Magnificent Frigatebird in gsimilar
plight, & Fiery-billed Aracari with a badly deformed beak, and
and a wounded Fijian White-breasted Wood-Swallow,

an ailing Gray Wood-Swallow, all of whom remained alive and in
fair condition, apparently supplied by their companions with
all the food they needed. It iz not evident that all these crip-
pled or rcick birds were actually seen to receive food from others;
but in British Columbia N. A. M, Verbeek and R. W. Butler (1981)
repeatedly caw a male Northwestern Crow Teed a female, not his
mate, who had a blind eye and a deformea bill,

The importance of food as & social bond reaches its climax

among the mont highly csocial of all animald, the termites and



the social Hymenoptera. W, M, Wheeler (1928) applied the name

A

"t{rophallaxis" to the continual exchange of food, or at least
of gustatory satisfactions, which he regarded as the most
compelling attraction between all the members of an insect
community. Termites are constantly feeding each other; with
nourishment extruded either from the mouth or the opposite end
of the body, a practice that led Maaterlinéﬁiﬁi?Lharacteriza

a termitary as a "collective coprophagy”. By these exchanges,
they infect each other with the intestinal protozoa without
which many species of termites cannot assimilate their ligneous
meals. In certain termites, the queen of a colony, whose huge
swollen abdomen has become a factory for turning out endless
eggs, exudes from her skin a substance so highly relished by the

workers who feed her that sometimes, in their eagerness for more,

they tear little strips from her cuticle to reach the underlying

‘source, 9mall brown scars mark the spots where she has been

wounded by her progeny.

The larvae of certain ants and wasps secrete from their
salivary glands, or from relatively enormous glandular growths
surrounding the mouth, substances that their nurses greedily
lick up after feeding them. Naturally, the quantity of nourishment
given by the attendants to the larvae far exceeds what they
receive from them; otherwis% the young insecta could not grow.
But the larval secretions are so highly attractive that the
workers will relinquish much food to obtain them; as a farmer
will sometimes sell maay pounds of his produce in order to buy a
few ounces of some delicacy. Adult ants of the same colony
habitually feed each other with nutriment regurgitated from
their "social stomachs', Wheeler held that neither affection nor

cleanliness is the motive for the mutual licking in which ants
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indulge; they do so to enjoy the fatty exudates and other
secretions of each other's bodies, If Wheeler's interpretation
is correct; gustatory and olfactory pleasure: — or, more
technically, the stimulation of their chemoreceptors — 1is the
reward for which the workers among the social ingects lead their
strenuous lives, cooperate closely with each other, and faith-
fully attend the helpless members of their community, including
the egg-producing females, the larvee, and sometimes also the
males. And who would begrudge them such small delights?

Among the attractions that bringanimals together, we must
not overlook the communal roost, which as night approaches
draws to a central point, often in tremendous numbers, birds
that during the day have been widely scattered in smaller groups
or singly. The roosts of such birds a; starlings, pigeons,
swallows, crows, and others are too well known to need description
here., Often birds of a number of species sleep cloae together in
a clump of tall bamboos or a high stand of grass or reeds.

In inclement weather, many individuals of a species that is
usually less gregarious may crowd into a cavity that offers

(1957)

some protection. In western United States, Q. A, Knorrkfound as
many as a hundred and fifty Pygmy Nuthatches lodging in an old
pine trunk that contained several holes, at least one hundred of
them in the game cavity. In the Costa Rican mountains, during
the season of chilling rainstorms, I once, to my great delight,
watched sixteen Prong-billed Barbets enter a hole in a tree so
small that they must have slept in layers., Yet, when nesting,
these barbets are highly territoriali{ﬁkutch 1989),

Finally, we cannot lightly dismiss the desire for companionship,
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divorced from any purely utilitarian motive, ags a factor that
draws individuals together, at least among the higher animals,
Deprived of companions of their own species, animals sometimes
become closely attached to an individual of some very different
ospecies, W. H, Hudson tolg of a lone swan that sought the company
of a horse., Such incongruous partnerships as that of a dog and
a deer, a cat and a rabbit, or a crow and an owl, have been so
frequently recorded in the annals of natural history that it
seems gsuperfluous to elaborate the poin%??éohie-lQ#ﬁ)a

It will be noticed that in the foregoing discussion of the
social bonds nothing was said about sex. The omission is deliber-
ate, Sex itself is not a cohesive but a disruptive factor in
animal life. Gregarious mammals and birds, which through the
long annual interval of sexual quieacence have lived together
amicably, become mutually antagonistic as their reproductive
urges awaken., The sexual hormones, coursing through their veins
like some subtle venom, make implacable enemies of erstwhile com-
panions. Sex, in itself, forges no lasting bonds even between
individuals of opposite sexes. Unless sexual partners are held
together by some shared occupation or interest, such as caring
for their offspring, or by personal liking or attachment not
dependent upon primary sexual activity, male and female separate
and go their own ways after the exhaustion of their erotic ardor.
This applies to man no less than to the rest of the animal king-
dom, the chief exceptions being those species in which a degener-

ate male lives permanently attached to the female in parasitic



dependence, as in angler fishes. Failure to recognize these
truths has led certain anthropologiastas to attribute to the
absence of an annual interval of sexual gquiescence in man a

role in human social development that does not belong to it.

Only indirectly, as the necessary prelude to the generation of
of fspring whose care unites the two parents in a shared activity,
hags sex contributed importantly to sociality in man and other
animals, This will become increasingly clear in the course of

this book.

Cooperation in Negsting and Attending Young

Sea birds of many kinds may be constrained to nest colonially
by the paucity of islets or forbidding cliffes where alone they
find adequate protection for their eggs and young. The massing
of neats of gulls, terns, gannetis, boobies, penguins, and other
marine birds does not necessarily imply cooperation between
them, although sometimes, as among murres, or guillemots, they
minister to their neighbors' young.

Colonial nesting has a different aspect when several or
many nests are contained in e single massive structure built
by the occupants themselves, Among the conspicuous features of
Hispaniola are the nests of the Palm-Chats, distant relatives of
the waxwings, nearly always situated in the crown of one of the
stately Royal Palms so abundant on that large Caribbean island.
One such nest was a mass of interlaced twigs that we estimated %o

(3 by 1.2 meters),

be ten feet high by four in diameter, Al a much smaller nest, I
counted about twenty-five of the starling-sized brown birds with

streaked white breasts flying back and forth, bringing more sticks.

These great nests are avian apartment houses, containing many
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chambers that do not communicate internally with each other.
Bach chamber appears to be occupied by a single breeding pair,
whose domestic aetivities remain to be thoroughly studied. The
same palm that upholds the Palm-Chats' massive structure may
contain in its columnar trunk numerous holes of the Hispaniolan
Woodpecker , one of the few members of this great family that
nests colonially. In one trunk with twenty-four hcles,we found
four pairs of woodpeckers nesting simultanezoualy, and others
seemed to be preparing to do so.

Negts of similar size are made by the Monk Parakeeﬁ)or
Cotorrqtof Argentiﬁa, one of the few parrots that builde instead
of nesting in a cavity in tree or cliff, Strongly constructed of
interlaced thorny twigs, the nests may hang from outer branches
of trees or even a large palm frond. They may attain a height of

(2.1 meters). :
seven feet, weigh a quarter of a ton, and provide separate,
unconnected chambers for up to a dozen pairs of the parakeets,
each of which lays four to eight dull white eggs in an unlined
compartment that is approached through a porch or vestibule from
a downwardly directed entrancej&ﬂonway 1965),

Of quite different construction, and even more ponderous,
are the apartiment houses of the Sociable Weaver, In one of the
scattered trees in arid Southwest Africa, Herbert Friedméé&f?ﬁﬁnd
an edifice that measured about twenty-fiﬁe by fifteen feet at

_ (7.6 by 4,6 by 1. meternz. )
the base by five in height, To start such a cons ruction, the
whole flock of sparrow-sized birds, working together, builds a

spreading roof by interlacing coarse dry grasses and small twigs.

Beneath this general covering each pair attaches its own neat made



of similar materials, until the lower surface of the mass is
perforated by small, circular openings-= nearly a hundred in the
very lérga structure found by Friedmann. BEach year the birds
attach new nests below the o0ld ones, until finally the overladen
branch breaks beneath the weight of the huge edifice, Like the
Palm-Chats and the Monk Farakeets, the weaver birds sleep in theilr
nests even when they are not breeding, thereby saving much energy
on chilly desert nights and decreasing their need of food,

Still cloger cooperation in breeding is practiced by the
lanky black enies with high-arched bills, that we have already
hed occasion to mention. Although a pair will often nest alone,
frequently two, three, or even more peirs join forces to build
a simple, open nest of coarse sticks, which they line with green
leaves that are brought daily until the young hatch. In this
.broadlopen bowl the females lay their chalky white egge in a
common heap. All the participating anis of both sexes take turns
incubating, one at a time, and later all feed the nestlings,
making no distinction between their own offspring and those of
their coworkers. Bach night a single male takes charge of the
eggs or nestlings. Bold in the defenasie of their families,
Groove-billed Anis have often buffeted the back of my head while
I looked into their nest?fSkutch 1983) 21987 ).

Although Palm-Chats, Monk Parakeets, and Sociable Weavers
build compound nests in which each pair occupies a separate
chamber, and anks make a simple nest in which several pairs raise
a compuund family, another mode of cooperation is much more
widespread among birds: a single breeding pair is assisted by
one or more nonbreeding helpers. At the bulky nests of sticks built

by the big, raucous Whiste=tipped Brown Jays in Caribbean Central



America, the mated pair are usually aided by vounger birds that
are readily distinguished by their bills colored black and yellow
in the most diverse patterns, Once I watched ceven grown jays, in-
cluding the parents and five helpers, feed and guard a brood of
three nestlingg; and every nest that I studied had at least one
young assistant. These helpers sometinmes fed the incubating female.
(1975)
In a population of Florida Scrub Jays, Glen E. Hoolfenden;learned
that nearly all the yearlings helped their parents %to Teed and
defend nestlings and fledglings, and about half the itwoeyear-oléd
jays did so, Breeding pairs anaisted by their older, nonbreeding

of fnpring produced substantially more young than A4id pairs without
Bl

In the Caribbean lowlands of Costa Rica, long burrows in the
ground beneath heavy rain forest, which in one case sheltered a
brood of three nestlings, were atitended by three or four White=
fronted Nunbirds, all bringing food in their tivid:orange~red:
bills, In England, a cosy nest.of Long-tailed Tits is often attend-
ed by one or %two adults in addition to the parents, all bringing
food in perfect harmony., In the highlandas of Guatemala, the beau~
tiful, lichen encrustied, downy pouches of himmkamasrsd Bush-Tits
atiract from one Lo three unmated birds who wear the black facial
masks of the males, These helpers sometinmes brood as well as Teed
the four nestlings. As a rveward Tor their services, they are pers-
mitted to sleep with the parents and young in the swinging pouch,
during the cold nights of high altitudes,

In Auatralia, breeding pairs of Superb Blue Wrens are often

annicted by extira males, who are usually their offspring of earl-
(1965) , i

ier years. lan Rowley's, careful studies showed that pairs with
A

helpers raised nearly twice as many nestlings per nest as unass-



isted pairs, and about 50 percent more neastlings for each att-
endant adult. In many other resident hirds of warnmer regionsg,
similar breeding groups, consisting of a mated pair with one or
several unmated helpers, have been discovered; and the list of
avian species that practice such cooperation continues to-grow
as tropical birds are more extensively studied(Sleutch. 1987),
(Brown 1987, Skutch 1987, Stacey and Koenig 1990).

Among the many modes of mutual aid among birds, none is more
surprising than that practiced by the unhatched chicks of certain
nidifugous species. The slight sounds made by quail chicks, as
they break ou% of the eggshell, stimulate somewhat vounger chicks

in other eggs in the same nest to pip their shells sooner than

they would otherwise do, with the result that all hatech more or

0

less simultaneously, ané can be more promptly led off to the feed-
ing ground by their parents, This doubtless unconscious cooperat-
ion contrasts strongly with the behavior of the young of certain

raptorial birds which, cometimes when only a few days old, murder,

and perhaps afterward devour, their slightl

4

vounger or weaker
nest-mates, thereby removing competition for foodfldohnson 1969 ).
Sometimes a lactating female mammal will suckle an orphaned
voung, of her own or even another specien; as when a Blue Wilde~
veest who had lest her calf gave milk %o a moiherlens Burchell's
Zebra. But helpers do not it into the mammalian syntem of repro-
duction as readily as they do into the avian system and, wiith !
the exception of a few casesn reported for jackals and wolves, co-
operation in rearing the young is largely limited %o protecting
the mother and her offspring. Among elephants, zebras, wild horses,
ané horned quadrupeds of various kindsg, the males defend +the fes
males and young. When threatened by wolves or other predators, Musk

Oxen of the Arctic tundra Torm a cirecle around Lhe calven, pregsent-
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ing their horns in unbroken array against the enemy. The Malayan
Gaut;or Seladang, a wild relative of domestic cattle, travels
through jungle and neighboring clearings in herds of a dozen or
more individuals, led by a large, wary cow. From a crow's nest
(19709
high in a treetop, L. Weigum}enjoyed'the rare experience of watch-
ing such a herd when a marauding Tiger approached. Hearing the
carnivore's rumbling, the old cows advanced toward it, while the
master bull guarded the calves, After the cows had located the
marauder, the bull, bellowing and snorting, rushed toward it with
lowered horns and put it to flight.

On “he African pavannas, baboons travel in large companies,
with the Temales and infants ~urrocunded by the adult males. About.
twice the size of “he females, the latier have much bigger canine
teeth, useful for defending the tvoop from Leopards ané other
enemien, Policemen of the nociety, the dominant males stop Tights
among their subordinatesn, often simply by means of a masterful
stare, Other monkeys also travel in troops, in which childless
females eagerly fondle infants not their own. Occasionally, even

(1934)
a male will carry an orphaned baby, as C. R. Garpenﬁerﬁnoticed in
the Howling Monkey of tropical America. Living in trees through
which they can flee more rapidly than pursuing mammals, monkeys
are leas exposed %to danger than are the largely terrestrial habe
oons, anéd +their troops are leas tightly organized,

The foregoing examples of cooperation in the living world are
only a mmall selection from the vast body of similar Tfacts that
naturalists have gathered, chiefly in the present century; but
they amply confirm what Kropotkin tried %to prove with the more

meager data available when he wrote, that mutual aid is wide~

spread among animals and has powerfully influenced their evelution.
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Harmonization is active not only within organisms, in their
growth and functioning, but likewise between them, joining mem-
bers of a species in cooperative nocietien and even bhringing
Giverse species itogether in mutually beneficial asgsociations.
Thic harmonization or pacification of the living world has still
not progressed very Tar; the cooperating groups exist precarious-
ly in the midst of strife, anéd even within %them concord is often
far from perfect. Yet cooperation no less than competition cie
widespread in

undeniaple feaete-of nature, and must receive nerious conaideration

by any evolutionary philosophy.

i _/\‘}
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EXPLOITATION AND COOQOPERATION

As this book has shown, the living world is full of inconsisten=-
cieg, or situations that one would not expect to follow from
their antecedents. Among ita many paradoxes iz theiflact that

: which, . e :
organisms thats to the best of their ability, insulate themgelven
from everything around them nevertheless need surrounding things
to support thedr lives; whereas lifelens objects, which do not

neparate themnelveas by npecial coverings from other things but

damalaticn.
mingle freely with them, have in general no need of them, Rocks,

many meials, and the more ntable crystals might continue indefin-
itely to exist in a vacuum; living organisms need constant sup-
port by “heir envivronment, and most of them are, in one way or
another, dependen%t upon other organisms.

Dependence hags degreen. Green plants, able to elaborate their
own Tood by photosyntihesis, ape far more independent than animals.
Their basic needs are sunlight, air, water, and elements dissolved
in it or in the noil, Probably most of %them could thrive an iso-
lated individuals, as many do scattered through abrid deserts, in
rock crevices at the higheat altitudes where vegetation grows, and
in acatiered spots almont everywhere. Even those that tarive amid
others, like trees in a lorest or grasses in a close stand, may
grow in isolation, sometimes beiter when less closely crowded by
competitors for sunlight and water. However, many planis are less
independent of other organisms than they appear. The tree that
stands no proudly all alone may need %the mycorrhizal fungi that

envelop itis finer roots to absorb the water and solutes that it



requires from the foil, Planta that are not sell=Tertile need
pollen from others to set seeds. All whose pollen is not carried

by wind or water are dependent upon animals « incectn, birds, bats,
and others = %to bring it to them, and many employ animals to dis-
perse their seeds. In the living world as a whole, the monat wide«
spread mode of dependence of one organism upon another is fTor re=-
production. Even those that as individuals can live guite alone
would ceane %o exint an species without other individuals to fec-
undate their rveproductive celln.

Unable %to synthesize %their own food from inorganis materials,
all animals are sirictly dependent upon plants, either directlg
or indirectly, as when they eat other animalsn, themselves nourish-
ed, often alno indirectly, by vegetation. The fependence of one
organism upon another may be unilateral or reciprocal, exploit-
ative or coopermtive, in both relationnhips often complicated by
competition Tor resources. The effectis of these %“wo modes of inter-
action upon the creatures involved in them are among the greatent
contrasts that the living world presents,

Interactions among organisms fall into the following broad
categories:

ts by plants

Exploitation of plan
Exploitation of animals by plants
Exploitation of plants by animals
Exploitatioﬁgf animals by animals
Cooperation among plants

Cooperation between plants and animalsn

Cooperation among animaln
P g

Let us briefly survey these relationships in this orvder.

wd



Explojtation of Plants by Plants

In the vegetable kingdom probably the moast Trequent, and cer=-
tainly the most connpicuous, mode of unilateral exploitation in
that practiced by vines of all gsorts, from slender twiners like
morning~glories to massive lianas of %tropical forests, all of
which, having lont the capacity to hold themselves erect, grasp

other plants to raice themgelveg i

-

1to the sunshine. Usually they
reéuce the amount of light %that falls upon the supporting plantis,
decreasing their photosynthesis. The more aggresnive of then
spread a omothering blanket of foliage over the crowns of the high-
est trees of the forest, Their constricting coils may stirangle the
tree up whose trunk they apiral; but sometimes the Ltrunk grows

T
over them and embeds ithem in its wood. In abandened clearings in
humid forests, a riotous growth of vinen and creepers burdens
young trees, welghing them down or breaking their branches or
trunks, making it difficult for them to rine above the welter,
and delaying for years the reestablishment of the forvest. Certain
trees that frequently start life in such clearings have developed

A s

npecial strategiesn to meet this situation: the young %runk bears
no sranches, but only big leaves that perform their photonynthetic
task and fall, giving the creepers no permanent hold, until the
alender tree rises above encumbering vegetation and forms a spreac-
ing crown, in the manner of cecropia and jacaranda trees in trop-
ical America. Many vines flower beautifully on the roofl of the
forest or nearer the ground, often at the expense of the host'n
own bloom.

Inastead of c¢limbing from the ground up to the light, epiphytes

germinate and grow on %trunks and branches, above all in the humid

tropics, They depend upon the host only for suppori, while they



make *heir own Tood in green leaves, and derive their minerals
from decaying bark and the vegetable cdebris that lodges among
them. Some epiphytes send long roots %to the ground, whence they
draw water and minerals, while others catch and store rainwater

in specially modified organs. In size, epiphytes range from trees
khat perch on other trees through a vast array of fernn, aroics,
bromeliads, orchids large and small to tiny mosnen and liverworts.
A moderate load of epiphytes appears to have no ill eifects upon
the plant that supporis them but, especially in cloud forests on
tropical mountains, the burden of these air plants may become 0o
heavy that 3t breaks large boughs. With a wonderful diversity of
colorful flowers and floral bracis, bromeliads, orchids, and other
epiphytes adorn the trees on which they perch, usuelly below the
high canopy, in the shade wheve bloom is Scarce,

-~

Most aggressive of all are the strangling fig trees, which from
seedn cdeposited by fig-eating birds and other animals on high limbs
ntart life as epiphytes, bui send voots to the ground along the
trunk of the host tree. An they thicken, these roots meet and coal-
esce, until the supporting trunk is enveloped by a massive network,
ATter the ntrangled trunk dies and decays, the Tig tree remains
standing on a high cylinder ﬁf fused roois, through the gaps in
which one can look. Some of %these usurping figs arve among the gianta
of troplcal forests,

The exploitation of plants by plants reachen a more advanced
stage in the half-parasites or water-paransites, which might be
described as green epiphytes that synthesize their own food but
draw water and minerals from the host plant's vessels by means of

hauntoria that penetrate jiisp tissues. Best-known and moast abundant



of the water-parasites are the mistletoes of the family Loran-

thaceae, with about 1,300 species distributed over most of Earth,

chiefly in the tropics and subtropics. A Tew make colorful floral

o
[

splays on high boughs, but a heavy infestation may kill the

are
supporting tree. Their fruits are eaten by many birds andﬂa prin-
cipal food of several species of both the 0lda World anad the New.
After digesting off the pulp, the birds void the seeds surrounded
by mucilage that attaches them to branches on which they happen
to fall, where they germinate and grow,

Among flowering plants, full parasites are rare. fHome are in-
conspicuous plants of humid forests, wheve they grow upon roots
of other plants in the dark undergrowth. Their leavesg, reduced
to ncales, are devoid of chlorophyll, making them wheolly depen~
dent upon %their hosts, or associated fungi, for nourichment, The
parasite may be white, yvellowish, purplinh, brownish, or dark red.
Theisr flowers maey be nmall and inconspicuous or very big, like

the vard-broad flower of Rafflesia arnoldii of Sumatra, reputed

to be the largest in the world, Much more numerous than fully para-
sitic flowering plants are parasitic fungi, which attack agricul-

tural plants of many kinds as well as {forent %trees, often causing

(=
=t

heavy losnes if not combatted with fungicides that help %fo pollute

L%

the environment. Parasitic fungi are apparently derived Irom
caprophytic forms that play an indispensable role in nature's
economy by decomposing dead vegetation of all kinds, returning its
theis mineral contents “o the soil, where they are picked up by
the roots of living plants. Without these naprophytes woodlands
wouléd become impenetrable mazes of fallen %frunks and branches .

because
Wisehowt—Shem,; termites and other insecits woulq hardly suffice %o



veduce %o humus all the debris ef thriving ferestin.

A wide rurvey of explojtation in the vegetable kingdom reveals
that 3t irs caused chiefly by severe competition for living cpace
and sunlight. Meny plants, %the viner and epiphytes, solve their
problem by climbing over other plants or perching upon them.Thore
that grow mpom others, often Tar above the ground, romeiimes find
% expedient te draw nap from their hoctn; instead of sending rooin
town to the no0il, they become halfwpararnites. A dilfferent net of
plantes, mortly growing in deep charde, have become Tull parariten,
often on “he roots of their hosts. None of there dependent planis
has anything %te gain by killing 34r hosi; the liana or epiphyte
falls with *he tree that cupports it; the half-paracite or full
paransitie dles with the plant on whieh it grown., Arjide from para-
mitiec fungl, %the chief vegeitable enemies of %ireen are the lianan
that weigh them down, smother them, or constrict their trunkes. In
contrart Lo the cituation among animale, explojiitation of plantn

4

by plantrs hars no prychid efTects upon them, or none detectable by
ue, It in no nlow and rilent that it hardly dictrenses the mont
sencitive onlooker. By greatly diversifying vegetable forme, it
har made the vegetable world move intererting, and given us the
veauty of orchids, mont of the more gpecitacular of which grow ag
epiphytes.

Exploitation of Animals by Flants

ravely
Animalp, which explojt planis on a vant scale, are A&

exploited
by them, The carnivorous Tlowering plants, which by trape and pi%-
fallas 4the monst diverse capiure and digest insects and other nmmall
invertebraten, occanionally a diminutive vertebrate, are every-

that depervens a_ separate chaptex.
a very minor element of the floray A iamily of fungi, *the



Entomophthoraceae, contains numerous specles that infest “the
tircuen of flieas, caterpillars, and other rmall ereaturesn,
killing and devouring them. Other fungi exploit larger aninals,
including humans, cauring irritating ckin infectionc and more

anerjoun dineasen.

Txploitation of Plants by Animals




csensitive onlooker. By greatly diversifying vegetable forms, it
has made the vegetable world more intevesting, and given us the

beauty of orvchida, mont of ithe more spectacular of which grow ans
A p
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epiphy

Although plants rarely exploit animals, they arve heavily ex-
ploited by them., The only animals that do not exploit planis dir-
ectly are the carnivoreg: or insectivores that do so indirectly,
by devouring creatures directly nourished by planis; or someiines,
in leng food chains, nutrients obtained directly from planis pass
through diverce animal bodies before they reach the ulitimate pre-
anator. Recent investigations of the upper levels of tropical rain
Torests suggest that the number of insect species may run into
millions, and a large proporiion of them devour the tigsues of
living plants. Most congpicuous is5 their damage to foliage; if
they do not defoliate a whole %tree, they may leave few intact
leaves upon it, Swarms of locusts may devastate a wide area. Lens
noticeable but almost equally damaging to plants are the depre-

of'a. '
dations hont of nmall, seed-eating beetles that may ruin the seed
/

crop of a tree. The relation of butterflies to plants is ambivalent:
caterpillars devour much foliage; the winged adults into which they
metamorphose make some amends by serving as pollinators, ofien not
of the plants that nourished %“heir larval stage, as would be just.

Vertebrate animals that exploit plants unilaterally ine

j=t

ude
the grazers,the browsers, and the need-eatern. Horses and itheir
kin are most at home on wide, open grasslands, over which they
roam in small or large herds. Over the ages, typical grazers and
theisr food plants have coevolved, not in a direct, one npecies-tor

s

one npecies pattern but in a more diffuse manner; many of the



grazers involved in this secular interaction have fisappeared Trom
Earth, and perhaps some of the grasses that nourished them have
also become extinct. By their basal growth, grasses are as well
adapted %o supporit grazing that is not excennive as, by dentition
and digestive system, the grazers are to crop and digest them, By
preventing the accumulation of dead blades that reduce photoavn-
thesis and invite fives, moderate grazing appears to benefit well-
artapted grassen.

Browsers gather foliage, often together with branches and
flowers, above the ground. Probably the most highly specializec
of exitant browsers in the Giraffe, whose long neck, with associated
modifications of the vascular system, permiit it to reach green
shoots too high for all iis four-footed competitors. Although pri-
marily grazers, hprases are often tempted to browse upon the fol-
iage of shrubs or trees within their reach. Cows browse as readily
as they graze, as do a number of antelopes and deers. At highes
levels, sloths and monkeys browne upon the foliage of a varietly
of trees and vines, which Tor some species, like howler monkeys, is5
a principal food. Fairly large birds, nuch as grouse in northern
woodlands and guans in tropical American Torests, browse freely
on foliage and buds, often high in trees., Among wveptiles, iguana
lizards eat leaves. Grazing and browning mammals serve the plants
among which they move by diaspersing seeds “hat cling to their hair
by means of hooks or sticky secretions. Many of thece animals vary
their diet of green herbage when they Tind tasty fruits, whoge
needs may pass unharmed through their alimentary canals and thus

be widely spread. The fragrant fruits of Guava treen are eagerly

a

sought by hornea, cattle, and other animals, who ascatter the hard,

uncdigestable little needs through pastures and fields where many
g gn T 3



seedlings spring up.

Among the exploiters of plants are e »ed-eating oirds and rod-
entn. Although some members of the large parrot family are nectar-
drinkers and pollinators, the majority are need-predators, who

th thick, doubly~hinged bills extract nutritious embiryon fromnm
ceesdmcoats that are often hard. With strong, erunhing bills, gros-
beaks and other finches vemove embryos fronm hardeshelled seeds.
Little
Ty pgoldafinches and the many need-eaters that swarm in tropical
grasslands prefer smaller seeds that they can swallow whole, Crons-
bille with overlapping mandibles pluck seeds from %“he scaly cones
of pines and other coniferous trees, Squirrels, agoutis, rats,
and oiher rodents devour many neeqn. geed-predators, both inverte-
prate, like many beetles, or vertebrate, like a numper of biras
and mammals, greatly reduce the reproductive potential of the planta
that supply them wiith rich sources of energy. However, certain
jays and nutcrackers among birds, agoutis and squirrels among ro-
dents, compensate the nources of their seedn by buryving a few ov
many for future use. The forehanded animal may die, or forget cone
of its hidden seeds, which germinating, perhaps at a distance from
the parent tree or shrub, propagate the species.

Among grazers, browsers, and seede-eaters are many highly gre-
garioun mammals and birdg, who through much of the year live in
peace with others of their own and of diflerent species, In general,
they neither fear one another nor are feared by animals of differ-
ent habits,Mutual aid in avoid1ng er repelling éggéé 5715 frequent
among them, as told in chapterllﬁ Conflicis arise among the males

Qtliia

of theqe aRima main1v in the mating season, when they contend

for femalesn, often Tiercely. Unleas +their populations become ex-
2 %



cessive, they do no great harm %o %he plants that support %them:
granses are well able to withstand grazing; seeds of many plants
are produced in such abundance that the existence of their species
is not jeopardized by the consumption of many of their embryong
vigorousn trees and shrubs can replace lost foliage,

More harmful to vegetation appear to be the largely terrestrial
mammals and birds that dig up and devour the subiterranean storage
organs, rich in starch and other nutrients, of many herbaceous and
suffrutescent plants - their tubers, corms, bulbs, and thickened
roots. On the whole less gregarious than grazers, browsers, and
seed-predators, they tend to forage alone or in small groups, which
is Tortunate for the plants they eat. While humans were in the
hunting and gathering stage, the ntorage organs that they extracted
from the soil with digging sticks munt have contributed asubsian-
tially to their diets, but the extent of %this injury to vegetation
is now difficult to assess. Exceedingly harmful to plants arve huge
animals like elephants, who %to supply %“he immense quantity of pro=
vender that each individual needs every daw may, where numerous,

-
cireeg .

destroy light woodlands by pushing over mmall
The greatest, most destructive exploiter of vegetation, as of
much else, ig man himgelf. I vefTer not %o agriculture, which in
esnsentially a mode of cooperation beiween man and his culijvated
plantni{although itn nide eifects upon the native flora are often
dinastroun);hut to the widenpread destruction of trees Lo provide
grazing for bteel cattle, Tor timber, pulpwood, charcoal, and other

products. After destroying mont broad-leaved forents in the North

Temperate Zone of the 0ld World and the New, exploiters of trees



and the lands on which they grow have been attacking %ropical rain
forents wiih such unrestrained greed that if this plundering cannot
be halted they will disappear in the next century. So great is

this destruction that whole species of animals and plants are be-
coming extinct, or have already vanished. The trees that man plantn,
as come slight compensation for the woods that he denstiroys, e5=
pecially the all-tdo~common pines and eucalypis, can never foim
Torents of the magniiicence and productivity, for ereatures of many
kindg, of those that he levels.

Exploitation of Animalrs by Animals
‘The exploiiation of animals by animals has many as ectn. Fre-
p L A p

quently the animals that are eaten are 50 different from their
eaters that we do not think of this act as predation., Although

the robin ithat swallows earthworms and the warbler that catches
innects are technically predators; we do not ordinarily place them
in this category, %to which we spontaneously assign the larger and
fiercer carnivores = lions and wolves, eagles and falcons - which
atrike down, rend, and devour creatures whose blood is as red and
warm as their own. The dintinction that we make between animals
that devour creaiures very different from themselves and those
that prey upon animals in the canme zoological claas, or as highly
evolved, as themselves has a valid foundation in the effects of
their activiiies upon the animals themselves and upon us who look
on. Although many people delight in the spectacle of violence and
blood shed of every sort (so long as they are not themselves hurt
by it), the sensitive onlooker is shocked and distrecsed by the
aight of a hawk seizing a piteously erying bird or a Cheetah
tearing the vitals from a living antelope; but he is not 5o affect-

ed by a bird devouring a caterpillar. Hias sympathy is not aroused



by “he insect or spider in the bdill of a bird as it is by a song-
or a mammal

bird in the talonsg of a falconAevincerated by the fangs of another

mammal,

As far as we can tell, predation by animals upon others much
lower in %the evolutionary scale has not the same poychic effects
upon either predator or prey as predation upon birds and mammals,
I+ 35 above all gsuch predation that has burdened animals with their
secondary naturifand all the distressing attributes of the arma-

! —
ture (chapter I w ferocity, anger, hatred, fear,suspicion, calloun-
ness, and similar psychic states, Although predation by warm-blood-

ed animals upon warm-blooded animals appears %o be fhe chief cause

p

of this lamentable development, carnivorous reptiles = 51

-

akes,
crocodilians, monitor lizards - have contributed substantially to
it., Man, long a hunter of large animals and probably through a long
ag; a Prequent victim of the larger predatory mammals and reptiles,
has been heavily infected by these disturbing passions, poasibly,
because his mind is more active and his emotions stronger, more
than any other animal. Only because he has had hands to wield
weapons has man managed to survive without protruding fangs, claws,
horns, or similar organic growths, offensive ar defensive, which
the struggle between predator and prey has imposed upon creatures

a 1l
involved in it;Awithout a thick hide or protective carapace.

OQur rapid survey of the exploitation of animals by animals
would be incomplete if we Tailed to mention the exploitation of
females by males who Tight among themcelves for them but contri-
bute nothing %o their offspring beyond a minuscle cperm. The

~yechic effects of nuch fighting and uncarin fatherhood are in
P a3 23 g g

some animals almost as unforiunate as those arising from predation.



Even among men who in the present age mostly support and protect
their children, an exploitative attitude toward the child-bearing
0
sex persists in the guice of machigmoor male chauvinism, which

_—-r—-
today ins combatted by women seeking emancipation.

The exploitation of animals by a great variety of small para-
sites, internal and external, has been a major cause of suflfering
and death, but its poychic effects have been very different from

cauced
that by large predators, One cannot Tear or hate a protozoon or
fluke that he has never seen (and probably does not know about)
as he can fear and hate a man-eating tiger or a shark. Fear of
diceane Lends to be more persisntent but less paralyzingly intense
than terrvor in the imminent presence of a huge ravening beast.

Cooperation among Plante
Turning now %“o the cooperative interactions of organisms, we
& p g

find “hat among plants they are chiefly passive, By growing close
together, plants may maintain an environment favorable %o each
other, as among the trees of tropical rain forests. The mycorrhiza
that envelop “he feeding roots of many of these trees, helping
them %o aboorb indiaspensanle elements from the s5oil, are nourished
by carbohydrates nupplied by the trees in a mutually advantageous
asgociation, A gimilar symbliosis occurs between leguminous plants
and +he bacieria that Torm nodules on their roots, ahsorbing free
nitrogen from the air that permeaten the soil and supplying thelir
hosts with nitrates in return for carhohyarates.

Cooperation beiween Plants and Animals
Plantis, which lTor long ages have suffered uncomplainingly from

magnificently
the depredations of animals, respond genepowsly when animals cooper-

ate with them. The Tlowers that brighten woods and meadows, adorn

+

our Tesiive occasions, exprens our nympathy with the sick and the



bereaved, and provide the motifs for 5o many paintings and house-
hold decorations are displayed by plants to advertise the avail-
ability of nectar to the been, butterfliesn, other ingects, birds,
and¢ other creatures that convey their pollen from the anthers of
one to the stigmas of another. Fragrance makes them more atiract-
ive to insects as well as to the people who delight in them., Sweet
nectar is sometimes enriched with vitaming and amino acids) while
for bees pollen, produced in excess of the plant's needs for ferti-

lization, offers a nuiritious Tood for the many kinds of bees that
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special baskets on their hindlegs, then carry
it back to %their hives and mix it with nectar to make "beebread."
Wind pollination ig a wanteful but adequate method for plants that
grow in almost pure stands, as in grasslands and northern woods.

In rich itropical forestns where trees of one kind tend to grow scat-
tered among many other kinds, only insecis or birds that, at leant
temporarily, confine their visits to a single species can efiic-
iently pollinate them, We owe such foresis %o cooperation between
animals and planis. We, who enjoy %he colors and fragrance ol Tlow=-
ers, the beauty, interest, and diveirse producis of iropical wooi~
lands, are incidental beneficiaries of a mode of cooperation
between animals and planis highly advantageous to both of

the
by inedible fruits
Although, hooks or other means of attaching), to fur or cl

the
ing many plants exploit animals unilaterally to disperse their
needsa, a great number of them reward the dispersers with fooad.
Frugivorous birds - in contrast to seed-predators like parvots -
are by viriue of %their numbers and mobility. the chiefl dissemin-
ators of seeds, especially in tropical woodlands where dispernal

by wind plays a subordinate role, After swallowing a many-seeded



berry or a rmall, one-seeded drupe like a cherry, a bird rapidly
digestns the soft pulp. Small Trugivores like tropical American
euphonias and manaking may void the seedsn in their droppings ten
minutes or less after swallowing the fruit; larger apecles, like
Euranian Blackbirds, within healf an hour. 1T, instead of passing
the seeds through the length of the alimentary canal, the bird re-
gurgitaten them from its crop, it eliminates them much more rapidly.
Such brief residence innide the bird does not injure seeds adapied
for avian dispersal, which germinate where they fall, often at a
(8now and Snow 1988),
dintance from the plant that bears thegﬁ We owe the colors, aroma,
and nutritive value of a great diversity of fruits to a tacit com-
pact between Tructiferous plants and frugivorous birds. By selection,
man has increased the size and flavor of fruits originally adapted
for dispersal by birds, among which we might include cherries, cur-
rants, and strawberries. The wild anceastorn of certain larger fruits
improved and esteemed by man - avocadons in the New World, mangosn
in the Qld - were probably dinseminated by mammals. Again, we have
benefitted greatly from a mutually beneficial arrangement between
plants and animals,

No mode of cooperation between animalp and plants has had more
momentous consequencesn, not only for man bdut for the whole living
world and the planet that supports it, than agriculture, It would
be ruperfluour to expatiate here upon the advantages, economic and
gaenthetic, moral and intellectual, that man has derived from cul-
tivating planta in fields, orchards, and gardeng, I we measure
the nuccess of a species by the number of its individuals and the
extent of their dispersion over Earth, cultivars that man has im-

proved and carefully tended for many centuries include some of



the most succensful of all plants. The asgociation has been highly
advantageous to both parties. FWven the campfollowers of cultivation,
the unwanted plants that we call weeds, have profited greatly and
spread widely over the world. Regregﬁbly, agriculture has expanded
at the expense of vast areas of splendid forests and tihe creatures
they sheltered. By supporting excessively dence human populations,
it has created many problems that never troubled peoples who lived
as hunters and gatherers on the bounty of wild nature, Plants have
responded generously to the care that man has bestowed upon them.
I+ aseems +to be our turn %o show our appreciation of the advantagesn
plants have given un by using them with greater windom and moder-
ation, restricting agriculture to soils best suited for it, and
chowing more concern fo;gll the vegetable and animal npecles that
thrive on uncultivated land without our help but often with mutual-
ly veneficial associations of their own.

Cooperation among Animaln
Man's ascociation with domesticated animals has been

1=

enn un-
equivocally commendable than that with culitivated plants. A5 with
plants, nome domentic animals are much more numerous and widenpreaa

than they might have become in the wild state, and by this criterien

P

they are highly successful specles; but with animala that enjoyﬁnd
cuffer, the relationship has other aspects that hardly apply %o
planta, which are less highly organizead. Plutarch, defender of
animala, held that it is no%t wrong to domesticate them =so Lthat we
may be kind to them. When an animal who ia gently ireated, well feq,
and cured when sick or injured pays for all this laborious atten-
tion by working Tor his manter, we might regard this as a Tair and
mutually beneficial arrangement, But the animal who bears our bur-

dens or hauls our vehiclen - the horse, the ox, the camel - doen

not underniand why he is compelled to work; for him it is Torcen



labor, Moreover, the situation has all the perils inseparable

from arbitrary power. Too often the poor beant i1a underfed, over-
worked, his sores neglected, Plants cannot be cudgeled or goaded

to increane their ylield, as beants of burden too often are to make
them pull or bear loads too heavy for them.ianimals raised for their
flesh are cruelly slaughtered, often after being abominably treated
during their short lives., Only exceptionally, or in an indulgent
mood, can we regard man's association with his domeatic animals as
mutually beneficial cooperation., at best, many generations of conm-
pulsion have distorted the animals' herveditary patterns of behavior;
they have in mont cases been nelected Tor docility rather than in-
telligence; their spontaneous impulses are thwarted, with the res-
ult that people who know only domegtic animals tend %to underenti-
mate their minds - an assessment that might be corrected by wider
familiarity with free ones,

Many examplesn of cooPeraﬁiop among animals were given in pre-
cecding chapters, especially ch&ptar:inw The fiwrst ntep in the for-
mation of a cooperative nociety is the miasg association of a male
and Temale in attending their young, which is much more common in
birds “han in mammals., In many birdas the association is very close,
the two partners sharing rather equally all the tasks of rearing
and protecting their offspring. When the pair remain together through-
out the year and their young stay with them aflter becoming selfl-
supporting, sociality takes a long step forward. This is5 the origin
of cooperative breeding, which in its advanced stages is the high-
est development of Tamily life among nonhuman vertebrates, equaled

only by the most harmonious human houneholds]-& cooperating group

may connist of from three to, rarely, thirty-five individuals, an
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in the Chestnut-bellied Starling of ng?;l&ﬁ\axoup members are
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usually ely related, most commonly offspring of the breeding
pair, but outsiders may join the family and help with its chores.
The arrangement has advantages for all participants. The parental
tack of rearing a brood is lightened by the help given by other
group members in Teeding nestlings and Tledglings, protecting them,
and, in gspecies that gleep in dormitory nests or cavities, putting
the youngaters to bed. Parents with helpers may live leonger ana
ralse more young than those without them, The nonbreeding helpers-
benefit by bheing permittied to renide in relative safety on the
parental domain instead of being expelled to confront an unifamiliar
and perilous world soon after they can support themnelves, az many
young birds are, While assisting the bresding pair to rear mestlings
who are ugually their younger siblings, they gain experience that
will be wvaluable to them when, at the age of about ftwo or more
vearg, they emigrate, mate, and rear families of their own = or,
in some species, they may set up housekeeping on the group terwvri-
tory, which then contains several breeding pairs that reciprocally
help one another, while receiving more aid from the younger, non-
breeding members of the association.

All who have carefully wa%ched cooperatively breeding birds

have commented upon the amity that prevails among group members,

the rareness of conflict among them, Moreover, boundary disputes

0

with ad joining groups tend to be setiled by vocal and visual dis-

plays instead of crude fighting -« peace conferences that actually
keep the peace! Although probably no animal can exist in this com-

petitive world with no vestige of iis secondary nature, in these

cooperative birds the armature has been atienuated. Their pacific



character might be a direct expression of a primary nature that
wan never heavily loaded with secondary attributes, or, oxy nince
many of them are probably descended from ancestors that were less
social and pacific, it might be a result of gsocialization, as is
evident in the young of certain cooperative breeders who become
more disciplined as they mature in the midst of their familien,

( chap’te.x?‘.—;&@ ).

Unhgppily, the small cooperative groups in which humans long
lived dié not settle their differences with neighboring groups by
singing and dancing on opposite sides of a territorial boundary
but resorited to more violent measures. These people, like many of
us today, were laden with such an incredible hodgepodge of primary
necondary, and tertiary attributes that we wonder how they kept
.
their sanity. Neverthelensn, developmenis within these clans had
far-reaching consequences for the future of mankind, When man's
remote ancestors abandoned the trees to live on the ground, they
had grasping hands evolved Tor climbing. As these ancestors becane
able o walk ereci, their hands, no longer needed Tor locomotion,
became “he most versatile manipulatory organs in the animal kingdom.
The uses to which hands could be put gave to intelligence survival
value beyond what it could attain in animals whose lack of such
Pflexible executive organs severely limits the practical value of
whatever bright ideas they might have. Brains grew larger and intel-
ligence increased to make the best use of these facile hands.

Deapite much theorizing, the origin of language {rom the in-
articulate cries of animals remains obscure, But, however language

began, we can hardly doubt that the need %o communicate while plan-



ning and executing constructive undertakings that required many
hands accelerated itas growith. A developed language is intimately
related to constructive cooperation by primates equipped with
efficient hands. Animalsg that join in activities no more consgtruct-
ive than running down and tearing prey, like wolves and hyenas, d¢o
not need ariiculate speech and, accordingly, never developed it,
The ability to speak and exchange ideas with others ntimulates
thought and speculation, For a long while, men's notions avout
himsell and nature weregas-we nawsdnschapi®s Tlwsy crude and con-

4.

fused, With the development of agriculture and a settled instead
of a nomadic life, a small minority enjoyed leisure to put their
minds in order and think more deeply. They began %o grope toward
wider horizons and, with growing wisdom, their sympathies expanded,
The 8toicn taught %that all good people everywhere are {riends;
Christians proclaimed the brotherhood of mankind; oriental relig-
inculcated ness
ions taught harmle:é!ﬁo all creatures. Whatever their religion or
philonophy - or lack of either - generous, sensitive spirits reach
out with love and grateful appreciation toward an inclusive whole,
That an animal who, to safleguard the delicately balanced physio-
logical procenses that asupport its life, insulaten jiiseld in a
flexible skin, should expand spiritually and intellectually so
far beyond its enclosing integument is the most unpredictable de-
velopment, the greatest paradox, in the whole paradoxical realm
of life. But perhaps, il our insight were deeper, we might recog-
nize that man's expansive spirit is a flowering of tendencies
present in the materials of which we all are made, a partial ful-
fillment of the universal movement to give value to Being by

ordering its contents in patterns of inecreasing amplitude, conm-

plexity, and coherence.
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PARADOXICAL PLANTS

Plants are independent, self-supporting organisms; animals are
dependent upon them; from this fundamental difference most other
far-reaching differences beiween plants and animals may be traced.
A typical vascular plant is rooted in the ground, Tfrom which it
draws the water and salts that it needs to maintain its indepen-
dent 1ife. Anchored in one spot, it is unable to change its loc~-
ation and, accordingly, it lacks both locomotor organs and sengory
organs to guide them. Without such organs, a brain and central
nervous system to receive information through the senses and direct
its course would be ~uperfluous, I%ts movements are limited %o alter-
ations in the arvangement of its parts, especially foliage, by

growth or changes in the turgor of its tinsuesn, which may be slow

=

or swiift. A typical flowering plant stands erect with its roots in

the soil, dpreading iis leaves in the sunlight, Lens often it creeps

over the ground, preserving its independence if not its upright

pesture.

A minority of plants compromise their independence for certain

economies or other advaniages. Most numerous in this category are

the vines that save the expense of forming self-supporting stems

and rine more swiftly inte the sunshine by %twining around or clinge

ing to other plants. Some plants become half-paracites, drawing

sap Trom their hosts buit retaining their green leaves and capacitiy
like mintletoes.

for photosynthesinh A Tew Tlowering plants leose their chlorophyll

and become Tull parasites., Mosi surprising of all are the inpgectiv-

orous oi, more correctly, carnivorous plants, which in traps the



most diverse catch and digest a great variety of small insects and
other creatures, including an occasional vertebrate such as a tiny
tadpole or hatchling fish, theveby obtaining nitrogenous compounds,
phocphates, and other salts rare or lacking in the swamps, sphagnunm
bogs, oi peor soil where many of them grow. Worldwide, abdout 450
epecies of dicotyledonous Tlowering plants, belonging to fifteen
genera in cix families, have adopited the carnivoroun habit. Since
all these plants retain their chlorophyll and capaciiy to synthes-
jze carbohydrates, none is as completely dependent upon other
organisms for foeod as animals are; but by feeding like animals
wany of them inerease their growih.

Pitcher Blanis or Biitlfall Eraps
The traps are all modified leaves, or partis of leaves., They

may be pacsive, waiting motionless for victims to enter them, or
active, moving %o geize their prey or to hold it more securely.,
Among the Tormer are the pitfall traps, nhaped like pitchers or
trumpets. Of these the best-known family is the Sarraceniaceae,

or pitcher-plant family, with nine species confined to eastern
Norih America, from Labrador to Florida and westward to Iowa and
Kentucky, with most apecies in the southeast. The pitcher may stand
more or leas upright, bearing above its mouth an expanded project-
jon or arching hood, sometimes migcalled a lid; it does not close

the pitcher but may diminich the amount of rain that falls into

, Or it may lie recumbent on the ground, like Sarracenia poitia-

yin
o

cinay with a recurved, cowled end that directs the narvow mouth

horizontally toward the base of the tube, The slender upright

three
pitcher of 8., flava is often two feet (90 cm.) high by two or

-

three inches (5 or 7.§em.) wide. All these pitchers have a broad

or narrow wing along the Tront. They tend to be brightly decorated,



& =

with white, red, purple, or yellowish spots or =siripes on a gen-
erally green ground. These colors not only attract ingsects but,
together with the large, inverted purple or yellow Tlowers raised »
above the rosette of pitchers on long stalks, they have induced
horticulturicts to grew them in cool greenhouses, making many
hybrids.

A Teature common to all carnivorous plants is an abundance of
glands of diverse Torms and funciions, some of which lure visitors
with their nectar or sweetioch mucilage, while others secrete enzy-

mes to digest them or to absord the products of their dissolution.

Drawn .to a pitcher of Sarracenia purpurea, the Side-saddle Flower
b

of Huntsman's Cup, by iis colors, an insect finds nectar glands

1

cattered over its outer surfTace among abundanit hairs, If, creep-
’ p

~

ing over the exterior, it reaches the pitcher's mouth, it enters
an inasidious pitfall in which four zones are distinguisched. The
first is the cordate, emarginate hood, where the hairs amid the
nectar glands point strongly downward, directing the creature in-
waréd to the necond zone, which is a narrow collar of velvetily
aspect, covered with fine, downwardly directed ridges and many
more glands. Sliding nstill Tarther inward while it enjoys the nec-
tar, the deluded insect reaches zone %, which covers half of the
pitcher's interior with a smooth, glacoy, gland-dotted surface
that precipitates it into the fourth zone. This pit is surrounded
by long, slender, downwaad-pointing, glassy hairs, that impece the
victim's escape. Here are no more nectar glands to solace it while
it drowns or otherwise succumbs, Absence of a cuticle over wmuch

of 4his zone facilitates absorption, v - : g ok

Species of Sarracenia differ in the amount of water their



pitchers contain before they open or which is secreted into them
after opening. The liquid in young, upopened pitchers appears
always to be sierile, but that into which animals have Tallen
contains bacteria, as is to be expected. In Sarracenia, as in
other carnivorous plants, the possibility of decomposition by
bacterial action has persistently plagued the interpretation of
the many experimenis designed to demonstirate the presence, and
test the potency, of digestive enzymes elaborated by the plants,
some of which, as we shall see, also necrete antibacterial acids.
It appears that protein-digesting enzymes are present in the pit-
cher fluid of all speciec of Sarracenia, and in most it acts best
in an alkaline medium, but in some acid is more Tavorable, as in
the human stomach. Often it was found necasscary %to add an alkali
(or an acid) to the pitcher fluid to obtain positive results. In
any cane, the several species differed greatly in the rapidity of
digeation; in some it was swift but in ofhers it required many
days. Water and nitrogenous compounds released by digestion or
decay are abnorbed by the tissues at the botiom of the pitchers.
Birdes occacionally drink from them,

Also in the pitcher-plant fTamily is Darlingtonia, with a sin-

gle species, californicnjiﬂ the north of that state and in adjacent

southern Oregon, where it grows in swamps and on wet soil in open
woodland glades. Springing from a perennial rootstock, the slender
tubes, sometimes standing a yarde high, ;re twisted over much of
their length until the hooded top faces outward from the clunmp.
From “he downwardly directed mouth of the hood hangs a broad,
forked, "fishtail" appendage, whose inner face secretes much nectar
to lure incecis who crawl over it to the orifice. The green tube

55 veined wiith red; the hood and top of the tube are thickly dot-

o



ted with whitin@,translucent windows through which trapped insects
might vainly try to escape until, exhausted, they fell into the
depths., The abrsence of glands indicates that enzymes are not sec-
reted to digest the many small creatures that die there. Substances
released by bamcterial decay are absorbed by the inner surface of
the tube and help to nourish the pale green-and-reddish yellow
flowers that rise above it on long scapes.

The third genus in the pitcher-plant family, Heliamphora, was

unknown until about 1840, when the explorer R. H. Schomburgk found

(1,830 m.)
6,000 feet, on Mt. Roraima in southern Britich Guiana (now Guyana).

In the wettest spots on the ¢liffs and summit of the mountain, ros-
ettes of foot-high (30 cm.) red-veined tubes with flaring mouths
spring from stout rootsotocksiin wide, dense stands. Along the front
of each tube are itwo wings, and from the summit rises a little
appendage, called the spoon, much too naryow to keep out the fre-
quent rains. As in the foregoing pitcher plants, nectar glands at
the top attract insects, downwardaly pointing hairs direct thenm
inward to a smooth and shining zone over which they slip to the

depths of the vessel, where more such hairs impede their escape.

As in Darlingtonia, digestive glands are absent here. The white

or pale rose petaleless Tlowers are displayed high above the tubes

on red-tinted nstalks. Other species of Heliamphora grow on the
P g

tepuis, isolatea tableemmountains that rise into the clouds from
the savannas of southern Venezuela. Some are shrubby plants up to
four feet (1.2 m.) tall, with pitchers up to two feet (60 em., )
high. A peculiar leature of some of these pitchers is a pore about

halfway up the front, which permits excesso rainwater to flow out.



EPILOGUE: THE FAILURE OF SUCCESS?

Whether in the mind's eye we survey the nelar system, its nine
planets fleating majestically areund the Sun, satellites orbiting
around most of %them, every celestial bedy remaining in its own
apace in & system se balanced and orderly that it has endured for
ages; or through a lens we admire the filigiree tracery of a onow
.crystal; or we reflect how our brains spontaneously integrate in
meaningful figures the myriad discrete vibrations that excite the
retinas of our eyeg - when we contemplate all this, and many nimi-
lar Tacis, we become convinced *that, frem its phycical foundations
teo its highest developments in the realm of mind and rpirit the
Univerce is pervaded oy a movement that avrranges its constituents
in patterns of increasing amplitude, cemplexity, and coherence -
the cosmic precess ef harmonization. While bringing order eut ef
chaes, harmenizatien enriches the cosmos with values, ralsing
bare; meaningless existence teo Tull, significant existence. Most
notably, it has covered Earth with graceful ferms and bright cel-
oro, and equipped certain animals to see and enjoy all this beauiy.
We owe to +this tirelens process, the %rue coenctructive factor in
the evoluiion of life, all that makes living precious to us., It
ie the source of our moral nature, the foundation eof our felicity.
The growih of an organism of whatever kind is an excellent
example of harmonization. By adding molecule te molecule, cell te
cell, organ %te organ, & plant or animal grows inte an organism of

great complexity., Its survival from day to day depends upon the

%EnY
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integration of all its parts and functions inte & coherent system
of mutually supporting organs. Tven a protozoon hardly viszible te
the naked eye iz a very complex creature, with a nucleus and plasn-
tids perfoerming diverce functiens and, on %the scale of the atonms
of which it is componed, an organism of great amplitude. Large
animale containing irilliong el atoms and billions ef cells, a
great diversity of organs, all united by circulatory and nervous
systems, are marvels of coherent, selfwregulated complexity, such
as man has not yet achieved in hig megt initricate machines. When
we reflect upon the vast variety of erganisms, the muliitude of
species and the incalculable pillions of individuals that cover
oeur hoaspitable planet, each a product ef harmonization, each a
harmeniously integrated system, as i1t musct be to remain alive and
active, we recognize that on Earth harmonization has been a highly
successful proecess.

We might expect that organisms made by the same constiruciive
process, alike in 5o many ways that biologistis have recognized,
would, whatever their outward shape, ferm a harmonious community
of living creatures; that the relations between all members of %‘he
immennse assemblage would be as harmonious as the internal organi-

zation of each of them. Why does the process that has brought order

o
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and stability te the zolar cystem, that aligns atoms and molecules
in glittevring cryostals, that is active in the growth of every least
organism, Tail so diesmally te bring concord inte the relationsg of

all these organisms? Whg does the world process, instead of con-

tinuing steadily onward in the same direction, adding harmony toe



harmony at an ever higher level of integration, abruptly falter

or reverse its cource when it pasces beyond the individual organ=-
ism? Why does a cosmic movement whose only goal or purpese, as far
as we can tell, is to enrich Being with high values, produce o
strange a mixture of values and disvalues, of goed and evil? When
we contemplate all the ntrife, carnage, and disease that afflict
the living world; the fear, hatred, rage, pain, and frustration
that distress us and, apparently, other animals, we cometimes sus-
pect that pein and sorrow eutweigh joy, that the farther life ad-
vances, the more it suffers. Success in covering Earth with myriad
ljving forms Tails to bring harmony among these forms, to make the
living world what, in view of the process that pervades it, we
might expect it te bpeceme.

The causes of this failure are not far te seeky The primary
cauce igc the insulation of erganisms. The integuments indispens
cable for the protection of all the delicately balanced physie-

organiom

logical processes that preserve life make of each ef-them an al-
mosi closed system, independent of ether similar syctems., Their
insulatien is noet oenly phyaiologingut psychic: just as the mal.
Tunction er diseace of one does net directly affect the health of
aneiher; so the joys and sufferings ef one creature ;re not felt
by another; one animal can agonize and die without causing the
least éincomfert to another of the same or a fifferent kind, Even
humans with a developed language and other meansz of cemmunication
often feel remoite Trom %thoge closernt to them. Difficultiy of com-
munication eften seemz 1o gseparate us by interplanetary dictances

&

not only from animals of other species, including the domentic
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mammals and birds most intimately accsociated with ug, butit fre-
quentily from other humans = all without the admirable arrange-
ment that keeps every planet in its course, never clashing with
another.
N

Thus, physiologic®and poyehic ingsulation makes it peoscible
for one creature to exploit, maim, torture, or kill another with-
out physical or mental consequences distressful to itgelfl, Add to
this the excenaive sbundance of organicoms, which throws them inteo
relentless competition for almont everything they need to sustain

or all the miger-

ck
H

lif'e and to reproduce, ana we have the stage se
ies that creatures infliect upon one another day after day and every-
where, which in aggregate Tar exceed all that the living world suf-
Ters from the intermitient and locml excesges eof lifeless nature,
such as earthquakes; volcanic eruptions, hurricanes, and floods.
Life's great misfortune is that evolution, dependent upon randonm
genetic mutations that are more ofiten harmful than beneficial, is

a procens in which quality too frequently wages a locing battle
against quantity, Although the growth of an organirm is a mode of
harmonization, the organism's form and function are determined by
its genetic endowment. Harmonization arranges the genes in the

most coherent pattern tnﬁ are capahle of assuming, but it can oper-
ate only with the materjals available to it.

The failure of harmonization'as nuccess in covering Earth with
abundant life is not abrolute, as everyone who has experienced
heppiness and true values chould bear witness. In the Toregoing
chapters we noticed come of the ways in which animale cooperate
to increace the cafety er enhance the quality of their lives. Note-

worthy are the foraging flocks of mixed speciec of birds, the



relations between cleaner Tinches and their clients, the adoption

of lost or orphaned young by birds and mammals, and the concord
that prevails in groups of coeperatively breeding birds. Especially
nignificant are the mutually beneficial interactions of plants and
the animals that pollinate their flowers or disperse their seeds

in return fTor food in the form of nectar or frults. Harmonious

acsociations can arise among individuals of the came species, of

3

of

difTerent genera or orders, of different zoological classer
animals, and even between anjimals and plants,

In our more opitimiciic moods, we may take peaceful acnociations
a5 indicative of the direction in which the living world ic moving,
to make them more common in future ages, perhaps, if all goes well,
to the virtual elimination of ctrife, Nevertheless, it remains
true that in the present age competition and merciless exploitation
are much more frequent in the animal kingdom %than harmonious coop-
eration. Conflict and predatory violence are zno widespreaé ana
conapicuous that people have long been familiar with this harch
aspect of nature; many of the cooperative associations were unknown
until, in recent itimes, the patient obcervations of naturalicts
dincloned fthem - which makes it appeaxr probable that many more
remain to be discovered,

In many ways, the most successful preduct of evolutioen and har-
monization i¢ man. In an excepiionally wellwsndowed ané encuring
body, well equipped with sensory organs, he has a layrge brain and
an active mind. Thece advantages, coupled with hands that are hhe
most versnatile execuiive organs in the animal kingeaom, enable hinm
to Til1l his needs and modify his environment teo his own advantage

as no other animal can; to spread over every habitable region of
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Earth and te bvecome by far the most abundant large teiredtrial
animal, Despite all these advantages, 1%t appears that man is ruche
ing headlong to the Tajllure of his success, which will not be far
dintant if he does not promptly reverse his courase. By his‘soaring
billiong, he in overexploiting the planei's productivity, devantating
the enviromment, polluting air and =o0il and water. And as humans
become +too abundant, their average guality decreanen, as in evident
from the mounting crime rate, the increasing addiction to stupe-
fving drugs, and the greater fecundiiy of the least competent and
recponnible moiety of the population.

The addition of man to the long list of extinct animalrs would
be lamentable becaune hebgéaﬁcto the living world qualities ether-
wise rare or lacking: ability to appreciate its beauty; to neek
knowledge and underctanding; to care devotedly and uncelfichly for
Farth and everything good and lovable that it contains; fo feel
compansion for Tellow creatures of all kindsy; and to be grateful
for manifold blegsings - all of which are attributes very unequal-
ly developed among humanns,

What isc needed to save mankind from gself-destruction is commen
knowledge: population must be ctabilized or, preferably, reduced
by rectricting the birthrate; the environment must be protected.
The burning question is whether an organism psoysiologically anad

S,

peyehically inculated T hers can tranascend itz limiting

cr

om all o
integument to feel itself part of an encompassing whole on which
itn own prosperity depends; to recognize its responsibility to this
vhole; te feel inctinctive or imaginetive sympathy for other crea-

tures; to restirain its appetites and dominate its pacsions in erder



to live mere harmonioucly with others, We know that nome individ=
uals are capable of cultivating this wider vision anéd living in
ite light. If a larger proportien of humanity coule attain this
cpiritual level and the generosity tha*t corresponds to it, succerns
might follow success, directly for mankind, indirecily for a large
cegment of the living world,

An augury for success is Tound in the hizstery of human intel-
lectual developmenti. Over *he ages, humans have learned not only
o use their facile hands Tor ever more complex creative tanks
but alro %o employ *heir resilens minds Tor deeper underctanding
of nature. The superrciitions that Tilled, and oo ofiten oppresced,
the minde of our ancentors have, with the growth of phileorophy and
neience, been largely dicpelled from the thoughts of the more
enlightened of ocur con‘emporarien, although unfortunately they
linger stubbornly in a large part of humanity. Our succesns in
clarifyung our thoughts and combatting many of the direases that
afflicted our progeniitors should encourage us %o tackle more
rerolutely +he immense and yearly growing problems that confront
humanity but are not intrinsically insoluble, What is lacking is
the forenigh%t and the will %o make Farth a it abode Tor the
children %“hat we beget in excessive numbers, Tor their remote
denmcendantin, and Tor %the many creatures that might dwell compatibly

with thenm,
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ILLUSTRATIONS

1, Purple Pitcher Plant or Huntsman's Cup, Sarracenia purpusea

2. Cobra Lily, Darlingtonia californica

3. Nepenthes edwardsiana

4, Nepenthes rajah

5. West Ausiraljan Pitcher Plant, Cephaloius follicularis

6. Genlisea &p. Branch with foliage and traps and (below)
fetails of a %trap

7. Round=leaved Sundew, Dronera roitundifolia. Whole plant and

(left) a glandular leafl enlarged

8. Venus' Flytrap, Dionaea muscipula. Plant with traps open and

closed

9. Common Butterwort, Pinguicula vulgarig. Flowering plan£

210, Greater Bladderwort, Uiricularia vulgaris. Submerged leavern

with bladders, aerial flowering siem, and (left) a bladder
enlarged

11, Greater Bladderwori, Utricularia vulgaris. Bladdeir viewed Trom

the front, rhowing the valve and appendages around the orifice.
E PP g

Drawing by the author

L2. Greater Bladderwori, Uiricularia vulgaria. Bladder with one side

removed to show %the internal sntructure., Drawing by %~he authows

13, Greater Bladderwort, Uiricularia vulgaris. Bladder net (right)

and s2ame bladder expanded affter touching valve with needle.

Camera lucida drawinge by the author
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