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1. INTRODUCTION

Evolutionary adaptation is a special and onerous con-
cept that should not be used unnecessarily, and an
effect should not be called a function unless it is clearly
produced by design and not by chance. When recog-
nized, adaptation should be attributed to no higher a
level of organization than is demanded by the evidence.
Natural selection is the only acceptable explanation for
the genesis and maintenance of adaptation.

2. NATURAL SELECTION, ADAPTATION, AND
PRrOGRESS

Natural selection can be effective only where there are
certain quantitative relationships among sampling er-
rors, selection coefficients, and rates of random change.
The selection of alternative alleles in Mendelian popula-
tions meets the requirements. Other conceivable kinds
of selection do not. Selection of alternative alleles works
only with an immediate better-vs.-worse among individ-
uals in a population, and the question of population
survival is irrelevant. Once a certain level of complexity
is evolved, selection will maintain adaptation by occa-
sionally substituting one adaptive character for another,
but this will not result in any of the kinds of cumulative
progress that have been envisioned.
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8. NaTurAL SELECTION, ECOLOGY, AND
MORPHOGENESIS

The gene is selected through a complex interaction with
its environment, which can usefully be considered to
include several levels: the genetic, the somatic, and the
ecological. The ecological has many aspects, one of
which, the “demographic,” is given special treatment.
Age-specific birth rates and death rates are important
factors in the selection of developmental rates and other
aspects of life cycles. The importance of genetic assimi-
lation as a creative factor is minimized.

4, GRoOUP SELECTION

Selection at the genic level can produce adaptive organ-
ization of individuals and family groups. Any adaptive
organization of a population must be attributed to the
selection of alternative populations. Reasons are ad-
vanced for doubting, a priori, the effectiveness of such
group selection. Organic adaptations, which function to
maximize the genetic survival of individuals, are distin-
guished from biotic adaptations, which would be de-
signed to perpetuate a population or more inclusive

group.

5. ADAPTATIONS OF THE GENETIC SYSTEM

Phenomena relating to the genetic system, such as
dominance, diploidy, sex-determining mechanisms, and
the distribution of sexual and asexual reproduction in
life cycles are easily explained as short-term organic
adaptations. The survival and evolution of groups are
fortuitous consequences of these adaptations and of
their occasional malfunctioning, as in mutation and
introgression. There is no respectable evidence of mech-
anisms for maintaining evolutionary plasticity or of any
other biotic adaptations of the genetic system.
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6. RepropUCTIVE PHYSIOLOGY AND BEHAVIOR

Variations in the intensity of reproductive effort, and
in the manner in which it is expended, seem designed
to maximize the reproductive success of the reproduc-
ing individuals. Attention is given to the evolution of
fecundity, viviparity, gregarious reproduction, and dif-
ferences between the sexes in reproductive behavior.
These phenomena support the conclusion that the goal
of an individual’s reproduction is not to perpetuate the
population or species, but to maximize the representa-
tion of its own germ plasm, relative to that of others in
the same population.

7. SOCIAL ADAPTATIONS

Selection within a population can lead to cooperative
relations among closely related individuals, because the
benefits of cooperation would go mainly to individuals
with the genetic basis of cooperation, rather than to
those of alternative genetic makeup. Selection at the
genic level thus explains insect societies and analogous
developments in other organisms. Other apparent ex-
amples of altruism are explained as misplaced parental
behavior. They represent imperfections in the mecha-
nisms that normally regulate the timing and execution of
parental behavior. Benefits to groups often arise as in-
cidental statistical consequences of individual activi-
ties, just as harmful effects may accumulate in the same
way.

8. Oruer SuppPoseEDLY GROUP-RELATED
ADAPTATIONS

Various supposed biotic adaptations, such as poisonous
flesh, senescence, and genetically heterogeneous somata,
are examined and found to be spurious or inconclusive.
The regulation of population size is shown to arise from
individual adaptations or purely physical principles
rather than as an adaptive organization of the group.
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Similar arguments are used against the concept of an
adaptive organization of ecological communities or more
inclusive entities.

9. THE SCIENTIFIC STUDY OF ADAPTATION

For a given biological mechanism there are no estab-
lished principles and procedures for answering the
question, “What is its function?” Objectively deter-
mined answers to such questions would facilitate prog-
ress in many fields of biology, but they must await de-
velopment of special concepts for the study of adapta-
tion as a general principle. Teleonomy is a suitable
name for this special field of study.
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Many of the contributions to evolutionary thought
in the past century can be put in one of two op-
posed groups. One group emphasizes natural selec-
tion as the primary or exclusive creative force. The
other minimizes the role of selection in relation
to other proposed factors. R. A. Fisher (1930, 1954)
showed that many of the proposed alternatives could
be discounted with the acceptance of Mendelian
genetics and a logical investigation of its relation to
selection. Even without Mendelian genetics, Weis-
mann (1904) effectively championed natural selec-
tion against some of its rivals of the nineteenth cen-
tury. His only serious errors are traceable to his igno-
rance of the Mendelian gene.

The contest was decisively won by natural selec-
tion, in my opinion, when by 1932 the classic works
of Fisher, Haldane, and Wright had been published.
Yet even though this theory may now reign supreme,
its realm still supports some opposition, perhaps more
than is generally realized. Many recent discussions
seem on the surface to conform to the modern Dar-
winian tradition, but on careful analysis they are
found to imply something rather different. I believe
that modern opposition, both overt and cryptic, to
natural selection, still derives from the same sources
that led to the now discredited theories of the nine-
teenth century. The opposition arises, as Darwin him-
self observed, not from what reason dictates but from
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the limits of what the imagination can accept. It is
difficult for many people to imagine that an individ-
ual’s role in evolution is entirely contained in its con-
tribution to vital statistics. It is difficult to imagine
that an acceptable moral order could arise from vital
statistics, and difficult to dispense with belief in a
moral order in living nature. It is difficult to imagine
that the blind play of the genes could produce man.
Major difficulties also arise from the current absence
of rigorous criteria for deciding whether a given
character is adaptive, and, if so, to precisely what is
it an adaptation. As I will argue at some length,
adaptation is often recognized in purely fortuitous
effects, and natural selection is invoked to resolve
problems that do not exist. If natural selection is
shown to be inadequate for the production of a given
adaptation, it is a matter of basic importance to de-
cide whether the adaptation is real.

I hope that this book will help to purge biology of
what I regard as unnecessary distractions that im-
pede the progress of evolutionary theory and the de-
velopment of a disciplined science for analyzing ad-
aptation. It opposes certain of the recently advocated
qualifications and additions to the theory of natural
selection, such as genetic assimilation, group selec-
tion, and cumulative progress in adaptive evolution.
It advocates a ground rule that should reduce future
distractions and at the same time facilitate the recog-
nition of really justified modifications of the theory.
The ground rule—or perhaps doctrine would be a
better term—is that adaptation is a special and
onerous concept that should be used only where it
is really necessary. When it must be recognized, it
should be attributed to no higher a level of organiza-
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tion than is demanded by the evidence. In explaining
adaptation, one should assume the adequacy of the
simplest form of natural selection, that of alternative
alleles in Mendelian populations, unless the evidence
clearly shows that this theory does not suffice.

Evolutionary adaptation is a phenomenon of per-
vasive importance in biology. Its central position is
emphasized in the current theory of the origin of
life, which proposes that the chemical evolution of
the hydrosphere produced at one stage an “organic
soup” of great chemical complexity, but lifeless in its
earliest stages. Among the complexities was the for-
mation of molecules or molecular concentrations that
were autocatalytic in some manner. This is a com-
mon chemical property. Even a water molecule can
catalyze its own synthesis. Only rarely would a mole-
cule be formed that would produce chance variations
among its “offspring” and have such variations
passed on to the next “generation,” but once such a
system arose, natural selection could operate, adap-
tations would appear, and the Earth would have a
biota.

The acceptance of this account of the origin of life
implies an acceptance of the key position of the con-
cept of adaptation and at least an abstract criterion
whereby life may be defined and recognized. We are
dealing with life when we are forced to invoke natu-
ral selection to achieve a complete explanation of an
observed system. In this sense the principles of chem-
istry and physics are not enough. At least the one
additional postulate of natural selection and its con-
sequence, adaptation, are needed.

This is a very special principle, uniquely biological,
and must not be invoked unnecessarily. If asked to

5

For general queries, contact webmaster@press.princeton.edu



© Copyright, Princeton University Press. No part of this book may be
distributed, posted, or reproduced in any form by digital or mechanical
means without prior written permission of the publisher.

INTRODUCTION

explain the trajectory of a falling apple, given an ade-
quate description of its mechanical properties and its
initial position and velocity, we would find the prin-
ciples of mechanics sufficient for a satisfying explana-
tion. They would be as adequate for the apple as for
a rock; the living state of the apple would not make
this problem biological. If, however, we were asked
how the apple acquired its various properties, and
why it has these properties instead of others, we
would need the theory of natural selection, at least
by implication. Only thus could we explain why the
apple has a waterproof wax on the outside, and not
elsewhere, or why it contains dormant embryos and
not something else. We would find that an impressive
list of structural details and processes of the apple
can be understood as elements of a design for an
efficient role in the propagation of the tree from
which it came. We attribute the origin and perfection
of this design to a long period of selection for effec-
tiveness in this particular role.

The same story could be told for every normal part
or activity of every stage in the life history of every
species in the biota of the Earth, past or present. For
the same reason that it was once effective in the
theological “argument from design,” the structure of
the vertebrate eye can be used as a dramatic illus-
tration of biological adaptation and the necessity for
believing that natural selection for effective vision
must have operated throughout the history of the
group. In principle, any other organ could be used for
illustration although the adaptive design of some
parts may not be as immediately convincing as that
of the optics of the eye.

This book is based on the assumption that the laws
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of physical science plus natural selection can furnish
a complete explanation for any biological phenome-
non, and that these principles can explain adaptation
in general and in the abstract and any particular ex-
ample of an adaptation. This is a common but not a
universal belief among biologists. There are many
statements in the recent literature that imply that
natural selection can account for some of the super-
ficial forms that adaptation can take, but that adap-
tation as a general property is something elemental
and absolute in living organisms. This is what Russell
(1945, p. 3) meant when he said that “directive ac-
tivity” is an “irreducible characteristic of life.” His
position was especially clear in his treatment of re-
generation, which I will consider on pp. 83-87.

A more recent attack on the adequacy of the simple
form of the theory of natural selection is seen in the
work of Waddington (1956, 1957, 1959), who con-
ceded that selection is important at every level of
adaptive organization, but that it is inadequate by
itself and must be supplemented by “genetic assimila-
tion.” Another recent attack on the adequacy of natu-
ral selection was made by Darlington (1958), who
endowed the chromosomes and genes with an evolu-
tionary spontaneity well beyond what is contained in
the traditional concept of chance mutation, and with
a long-range foresight that allows preparation for the
future needs of the population. I will discuss Wad-
dington’s and Darlington’s work later on.

Even among those who have expressed the opinion
that selection is the sole creative force in evolution,
there are some inconsistent uses of the concept. With
some minor qualifications to be discussed later, it can
be said that there is no escape from the conclusion
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that natural selection, as portrayed in elementary
texts and in most of the technical contributions of
population geneticists, can only produce adaptations
for the genetic survival of individuals. Many biolo-
gists have recognized adaptations of a higher than
individual level of organization. A few workers have
explicitly dealt with this inconsistency, and have
urged that the usual picture of natural selection,
based on alternative alleles in populations, is not
enough. They postulate that selection at the level of
alternative populations must also be an important
source of adaptation, and that such selection must be
recognized to account for adaptations that work for
the benefit of groups instead of individuals. I will
argue in Chapters 4 through 8 that the recognition
of mechanisms for group benefit is based on misinter-
pretation, and that the higher levels of selection are
impotent and not an appreciable factor in the pro-
duction and maintenance of adaptation.

DrFricuLTIES in interpretation, especially with re-
spect to the many supposedly group-related adapta-
tions, may result from inappropriate criteria for dis-
tinguishing adaptations from fortuitous effects. They
are also encouraged by imperfections of terminology.
Any biological mechanism produces at least one effect
that can properly be called its goal: vision for the
eye or reproduction and dispersal for the apple. There
may also be other effects, such as the apple’s contri-
bution to man’s economy. In many published discus-
sions it is not at all clear whether an author regards
a particular effect as the specific function of the
causal mechanism or merely as an incidental conse-
quence. In some cases it would appear that he has
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not appreciated the importance of the distinction. In
this book I will adhere to a terminological convention
that may help to reduce this difficulty. Whenever I
believe that an effect is produced as the function of
an adaptation perfected by natural selection to serve
that function, I will use terms appropriate to human
artifice and conscious design. The designation of
something as the means or mechanism for a certain
goal or function or purpose will imply that the ma-
chinery involved was fashioned by selection for the
goal attributed to it. When I do not believe that such
a relationship exists I will avoid such terms and use
words appropriate to fortuitous relationships such as
cause and effect. This is a convention in general use
already, perhaps unconsciously, and its appropriate-
ness is supported in discussions by Muller (1948),
Pittendrigh (1958), Simpson (1962), and others.

Thus I would say that reproduction and dispersal
are the goals or functions or purposes of apples and
that the apple is a means or mechanism by which
such goals are realized by apple trees. By contrast,
the apple’s contributions to Newtonian inspiration
and the economy of Kalamazoo County are merely
fortuitous effects and of no biological interest.

It is often easy, in practice, to perceive functional
design intuitively, but unfortunately disputes some-
times arise as to whether certain effects are produced
by design or merely as by-products of some other
function. The formulation of practical definitions and
sets of objective criteria will not be easy, but it is a
problem of great importance and will have to be
faced. An excellent beginning was made by Sommer-
hoff (1950), but apparently no one has built upon
the foundation he provided. In this book I will rely
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on informal arguments as to whether a presumed
function is served with sufficient precision, economy,
efficiency, etc. to rule out pure chance as an adequate
explanation.

A frequently helpful but not infallible rule is to
recognize adaptation in organic systems that show
a clear analogy with human implements. There are
convincing analogies between bird wings and airship
wings, between bridge suspensions and skeletal sus-
pensions, between the vascularization of a leaf and
the water supply of a city. In all such examples, con-
scious human goals have an analogy in the biological
goal of survival, and similar problems are often re-
solved by similar mechanisms. Such analogies may
forcefully occur to a physiologist at the beginning of
an investigation of a structure or process and provide
a continuing source of fruitful hypotheses. At other
times the purpose of a mechanism may not be ap-
parent initially, and the search for the goal becomes
a motivation for further study. Adaptation is assumed
in such cases, not on the basis of a demonstrable
appropriateness of the means to the end but on the
indirect evidence of complexity and constancy. Ex-
amples are (or were) the rectal glands of sharks,
cypress “knees,” the lateral lines of fishes, the anting
of birds, the vocalization of porpoises.

The lateral line is a good illustration. This organ is
a conspicuous morphological feature of the great ma-
jority of fishes. It shows a structural constancy within
taxa and a high degree of histological complexity.
In all these features it is analogous to clearly adap-
tive and demonstrably important structures. The only
missing feature, to those who first concerned them-
selves with this organ, was a convincing story as to
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how it might make an efficient contribution to sur-
vival. Eventually painstaking morphological and
physiological studies by many workers demonstrated
that the lateral line is a sense organ related in basic
mechanism to audition (Dijkgraaf, 1952, 1963). The
fact that man does not have this sense organ himself,
and had not perfected artificial receptors in any way
analogous, was a handicap in the attempt to under-
stand the organ. Its constancy and complexity, how-
ever, and the consequent conviction that it must be
useful in some way, were incentives and guides in
the studies that eventually elucidated the workings
of an important sensory mechanism.

I have stressed the importance of the use of such
concepts as biological means and ends because I
want it clearly understood that I think that such a
conceptual framework is the essence of the science
of biology. Much of this book, however, will con-
stitute an attack on what I consider unwarranted uses
of the concept of adaptation. This biological prin-
ciple should be used only as a last resort. It should
not be invoked when less onerous principles, such as
those of physics and chemistry or that of unspecific
cause and effect, are sufficient for a complete ex-
planation.

For an example that I assume will not be contro-
versial, consider a flying fish that has just left the
water to undertake an aerial flight. It is clear that
there is a physiological necessity for it to return to
the water very soon; it cannot long survive in air. It
is, moreover, a matter of common observation that
an aerial glide normally terminates with a return to
the sea. Is this the result of a mechanism for getting
the fish back into water? Certainly not; we need not
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invoke the principle of adaptation here. The purely
physical principle of gravitation adequately explains
why the fish, having gone up, eventually comes
down. The real problem is not how it manages to
come down, but why it takes it so long to do so. To
explain the delay in returning we would be forced to
recognize a gliding mechanism of an aerodynamic
perfection that must be attributed to natural selec-
tion for efficiency in gliding. Here we would be deal-
ing with adaptation.

In this example it would be absurd to recognize an
adaptation to achieve the mechanically inevitable.
I believe, however, that this is essentially what is
done by those who propose that gene mutation is
a mechanism for ensuring evolutionary plasticity
Whatever the gene may be, it is part of the mundane
world and therefore not perfect, in its self-duplication
or in any other features. Its occasional alteration is
physically inevitable. I will say more about this and
related matters on pp. 138-141.

A frequent practice is to recognize adaptation in
any recognizable benefit arising from the activities of
an organism. I believe that this is an insufficient basis
for postulating adaptation and that it has led to some
serious errors. A benefit can be the result of chance
instead of design. The decision as to the purpose of a
mechanism must be based on an examination of the
machinery and an argument as to the appropriateness
of the means to the end. It cannot be based on value
judgments of actual or probable consequences.

This can also be illustrated with an example that
will probably not be controversial. Consider a fox on
its way to the hen house for the first time after a
heavy snowfall. It will probably encounter consider-
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able difficulty in forcing its way through the obstruct-
ing material. On subsequent trips, however, it may
follow the same path and have a much easier time of
it, because of the furrow it made the first time. This
formation of a path through the snow may result in a
considerable saving of time and food energy for the
fox, and such savings may be crucial for survival.
Should we therefore regard the paws of a fox as a
mechanism for constructing paths through snow?
Clearly we should not. It is better, because it avoids
the onerous biological principles of adaptation and
natural selection, to regard the trail-blazing as an
incidental effect of the locomotor machinery, no mat-
ter how beneficial it may be. An examination of the
legs and feet of the fox forces the conclusion that
they are designed for running and walking, not for
the packing or removal of snow. At any rate, the con-
cept of design for snow removal would not explain
anything in the fox’s appendages that is not as well or
better explained by design for locomotion.

Although the construction of a path through the
snow should not be considered a function of the ac-
tivities that have this effect, the fox does adaptively
exploit the effect by seeking the same path on succes-
sive trips to the hen house. The sensory mechanisms
by which it perceives the most familiar and least ob-
structed routes and the motivation to follow the path
of least effort are clearly adaptations.

Sometimes the important effect of an adaptation
from man’s point of view may not be its function.
Biologically, the brewing of beer is not the function
of the glycolytic enzymes of yeast. The production
of guano is an important effect, for man’s agricultural
interests, of the digestive mechanisms of a number of
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species of marine birds, but this effect is not their
function. Many non-biologists think that it is for their
benefit that rattles grow on rattlesnake tails.

I assumE that modern biologists would be nearly
unanimous in agreeing that the effects mentioned
above are not functions. More controversial problems
of the same sort will be considered in later chapters.
Perhaps one more example can be mentioned here,
one that is obviously important but can only be con-
sidered rather speculatively. Do we really understand
the function of man’s cerebral hypertrophy? The im-
portance of this unique character to civilized man is
that it enables nearly everyone to learn at least a
simple trade; it enables many of us to enjoy good
literature and play a fair hand of bridge; and it en-
ables a few to become great scientists, poets, or gen-
erals. The human mind has presumably been respon-
sible for analogous benefits for as long as man has
had a culturally based society. Despite the argu-
ments that have been advanced (e.g., Dobzhansky
and Montague, 1947; Singer, 1962), I cannot readily
accept the idea that advanced mental capabilities
have ever been directly favored by selection. There
is no reason for believing that a genius has ever been
likely to leave more children than a man of somewhat
below average intelligence. It has been suggested
that a tribe that produces an occasional genius for its
leadership is more likely to prevail in competition
with tribes that lack this intellectual resource. This
may well be true in the sense that a group with
highly intelligent leaders is likely to gain political
supremacy over less gifted groups, but political domi-
nation need not result in genetic domination, as is
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indicated by the failure of many a ruling class to
maintain its numbers. Reasons for questioning the
importance of selection between groups in general
will be advanced in Chapter 4. Here I will merely
note that the close similarity of modern races in their
intellectual potentialities would argue against the ef-
fectiveness of selection between modern groups as a
way of improving man’s mental qualities or even of
maintaining its present level. The absence of a con-
spicuous decline in human mentality within historical
time must mean that selection has somehow con-
tinued to promote the survival of the intelligent.

I suggest that advanced mental qualities might
possibly be produced as an incidental effect of selec-
tion for the ability to understand and remember sim-
ple verbal instructions early in life. We might imag-
ine that Hans and Fritz Faustkeil are told on Mon-
day, “Don’t go near the water,” and that both go
wading and are spanked for it. On Tuesday they are
told, “Don’t play near the fire,” and again they dis-
obey and are spanked. On Wednesday they are told,
“Don’t tease the saber-tooth.” This time Hans under-
stands the message, and he bears firmly in mind the
consequences of disobedience. He prudently avoids
the saber-tooth and escapes the spanking. Poor Fritz
escapes the spanking too, but for a very different rea-
son. Even today accidental death is an important
cause of mortality in early life, and parents who con-
sistently spare the rod in other matters may be moved
to violence when a child plays with electric wires or
chases a ball into the street. Many of the accidental
deaths of small children would probably have been
avoided if the victims had understood and remem-
bered verbal instructions and had been capable of
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effectively substituting verbal symbols for real ex-
perience. This might well have been true also under
primitive conditions. The resulting selection for ac-
quiring verbal facility as early as possible might have
produced, as an allometric effect on cerebral devel-
opment, populations in which an occasional Leonardo
might arise. This interpretation is supported by the
apparent diversity of adult human mentality and by
the close similarity of the sexes in intellectual endow-
ment. A character selected for a specific adult-male
function, such as the political leadership of a primi-
tive society, would reach a high development in
adult males only, and would be well standardized in
this group. These arguments do not really support my
interpretation very strongly, and if anyone has a bet-
ter theory, I hope he will let it be known, because the
problem is surely an important one. Is it not reason-
able to anticipate that our understanding of the hu-
man mind would be aided greatly by knowing the
purpose for which it was designed?

BENEFITS to groups can arise as statistical summations
of the effects of individual adaptations. When a deer
successfully escapes from a bear by running away, we
can attribute its success to a long ancestral period
of selection for fleetness. Its fleetness is responsible
for its having a low probability of death from bear
attack. The same factor repeated again and again in
the herd means not only that it is a herd of fleet deer,
but also that it is a fleet herd. The group therefore
has a low rate of mortality from bear attack. When
every individual in the herd flees from a bear, the re-
sult is effective protection of the herd.
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As a very general rule, with some important excep-
tions, the fitness of a group will be high as a result of
this sort of summation of the adaptations of its mem-
bers. On the other hand, such simple summations ob-
viously cannot produce collective fitness as high as
could be achieved by an adaptive organization of the
group itself. We might imagine that mortality rates
from predation by bears on a herd of deer would be
still lower if each individual, instead of merely run-
ning for its life when it saw a bear, would play a spe-
cial role in an organized program of bear avoidance.
There might be individuals with especially well-
developed senses that could serve as sentinels. Espe-
cially fleet individuals could lure bears away from the
rest, and so on. Such individual specialization in a col-
lective function would justify recognizing the herd as
an adaptively organized entity. Unlike individual
fleetness, such group-related adaptation would re-
quire something more than the natural selection of
alternative alleles as an explanation.

It may also happen that the incidental effects of in-
dividual activities, of no functional significance in
themselves, can have important statistical conse-
quences, sometimes harmful, sometimes beneficial.
The depletion of browse is a harmful effect of the
feeding activities of each member of a dense popula-
tion of deer. If browse depletion were beneficial, I
suspect that someone, sooner or later, would have
spoken of the feeding behavior of deer as a mecha-
nism for depleting browse. A statement of this sort
should not be based merely on the evidence that the
statistical effect of eating is beneficial; it should be
based on an examination of the causal mechanisms to
determine whether they cannot be adequately ex-

17

For general queries, contact webmaster@press.princeton.edu



© Copyright, Princeton University Press. No part of this book may be
distributed, posted, or reproduced in any form by digital or mechanical
means without prior written permission of the publisher.

INTRODUCTION

plained as individual adaptations for individual nour-
ishment.

The feeding activities of earthworms would be a
better example, because here the incidental statistical
effects are beneficial, from the standpoint of the pop-
ulation and even of the ecological community as a
whole. As the earthworm feeds, it improves the phys-
ical and chemical properties of the soil through which
it moves. The contribution from each individual is
negligible, but the collective contribution, cumulative
over decades and centuries, gradually improves the
soil as a medium for worm burrows and for the plant
growth on which the earthworm’s feeding ultimately
depends. Should we therefore call the causal activi-
ties of the earthworm a soil-improvement mecha-
nism? Apparently Allee (1940) believed that some
such designation is warranted by the fact that soil
improvement is indeed a result of the earthworm’s
activities. However, if we were to examine the diges-
tive system and feeding behavior of an earthworm, I
assume that we would find it adequately explained
on the assumption of design for individual nutrition.
The additional assumption of design for soil improve-
ment would explain nothing that is not also explain-
able as a nutritional adaptation. It would be a viola-
tion of parsimony to assume both explanations when
one suffices. Only if one denied that some benefits can
arise by chance instead of by design, would there be
a reason for postulating an adaptation behind every
benefit.

On the other hand, suppose we did find some fea-
tures of the feeding activities of earthworms that
were inexplicable as trophic adaptations but were
exactly what we should expect of a system designed

18
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for soil improvement. We would then be forced to
recognize the system as a soil-modification mecha-
nism, a conclusion that implies a quite different level
of adaptive organization from that implied by the
nutritional function. As a digestive system, the gut of
a worm plays a role in the adaptive organization of
that worm and nothing else, but as a soil-modification
system it would play a role in the adaptive organiza-
tion of the whole community. This, as I will argue at
length in later chapters, is a reason for rejecting soil-
improvement as a purpose of the worm’s activities if
it is possible to do so. Various levels of adaptive or-
ganization, from the subcellular to the biospheric,
might conceivably be recognized, but the principle
of parsimony demands that we recognize adaptation
at the level necessitated by the facts and no higher.

It is my position that adaptation need almost never
be recognized at any level above that of a pair of
parents and associated offspring. As I hope to show
in the later chapters, this conclusion seldom has to
rest on appeals to parsimony alone, but is usually sup-
ported by specific evidence.

The most important function of this book is to echo
a plea made many years ago by E. S. Russell (1945)
that biologists must develop an effective set of prin-
ciples for dealing with the general phenomenon of
biological adaptation. This matter is considered
mainly in the final chapter.
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