
Soviet production and other U.S. pro- 
duction of Rh'02, it might be worth 
making a plea for greater coordination, 
preferably on an international basis, 
of possible future world-wide tracer 
experiments (23). Again, in view of the 
results for this experiment, it should be 
possible to plan in a better way the 
sampling program for future experi- 
ments. Certainly, the greatest value 
from future experiments will be ob- 
tained by increased coordination and 
participation of the world scientific 
community (24). 
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Patterns and Populations 

Basic problems of population biology transcend 
artificial disciplinary boundaries. 

Paul R. Ehrlich and Richard W. Holm 

An important and rapidly developing 
area of biological science is the study 
of aggregations of organisms. This field, 
which we call population biology, may 
be defined as including all, aspects of 
groupings of organisms and organisms 
in groups. Often, however, it is con- 
sidered to comprise only ecology in a 
relatively narrow sense, or even popula- 
tion genetics alone. We feel -that there 
is much to be gained from taking a 
broad view in the study of populations, 
in which emphasis is on the many simi- 
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rarities in the phenomena studied by the 
taxonomist, the ecologist, the geneticist, 
the behaviorist, the economist, and per- 
haps the mathematician as well. Despite 
the apparent heterogeneity of this as- 
semblage it seems to us that there are 
many basic problems common to these 
diverse disciplines. Often these areas of 
mutual interest have not been recog- 
nized, even though many workers have 
urged broad interdisciplinary ap- 
proaches. Perhaps the time has come 
to dissolve disciplinary boundaries. 
Such a unification will require a care- 
ful study of techniques and procedures, 
in addition to an analysis of the lan- 

guage and the conceptual frameworks 
involved, with particular attention to 
the Whorfean hypothesis (1). Con- 
ceivably, a new mathematics must be 
developed in order to handle the prob- 
lems of population biology. The mathe- 
matics of information theory (2) and 
game theory (3) already are being 
shown to have possible applications in 
this field, but so few biologists are 
versed in these mathematics that their 
importance and utility are only be- 
ginning to be investigated. A general 
mathematical theory of population 
biology may be formulated eventually, 
but a great deal of intellectual brush- 
clearing must necessarily precede even 
preliminary groping for overall prin- 
ciples. In the discussion which follows 
it may seem that we have restricted our- 
selves largely to destructive criticism, 
demonstrating the disadvantages of 
established procedures and modes of 
thought. But these must be pointed out 
before it is possible to develop improve- 
ments. Although we have not always 
discussed possible improvements in de- 
tail, these often are presented in the 
works cited. In science it frequently is 
necessary to criticize existing theoretical 
structures to clear the way for new 
ideas. 
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Facts and Concepts 

The thinking concerning many prob- 
lems in population biology has been 
colored strongly by the terms invented 
to deal with them. People are inclined 
to confuse concepts with established 
facts and then consider it unnecessary 
to investigate the facts further. Often 
terminology differs with different dis- 
ciplines, and thus areas of study are 
isolated and relationships are obscured. 
For, example, it is difficult to find a 
neutral term for "more than one orga- 
nism" which has not already been used 
in a restrictive sense in one or more 
disciplines. Whereas earlier we used 
the word aggregations to refer merely to 
a plurality of organisms, it has several 
different meanings in ecology. The fact 
that semantic problems of this sort 
cause serious difficulty throughout all 
human endeavor should not deter us 
from attempting to correct the situation. 

Many concepts in population biology 
have low information content and little 
or no operational meaning. In this 
category we would place such concepts 
as "competition," "niche," "connmu- 
nity," "climax," "species," "population 
fitness," and to some extent "popula- 
tion" itself. Dissatisfaction with the 
concepts of population biology is wide- 
spread. Ecologists recently have at- 
tempted to develop an operational defi- 
nition of "niche"-that is, to specify 
the set of physical operations which 
would assign to every niche a unique 
value, such as the coordinates of an 
n-dimensional hypervolume (4). The 
language of ecology has been analyzed 
(5) with the aim. of eliminating semantic 
confusion; the idea of natural selection 
as an ecological concept has been in- 
vestigated (6). The concept of popula- 
tion fitness, one of the most difficult 
problems in population genetics, has 
received a great deal of attention 
recently (3, 7). Boulding (8) has dis- 
cussed conceptual problems as they 
relate to economics and the behavioral 
literature is filled with discussions of the. 
value of such ideas as "instinct," "re- 
leaser," "displacement activity," and 
"learning." 

Any attempt to avoid this confusion 
of concepts and facts would seem to 
entail changing our approach to the 
entire "population" level of biological 
organization. Perhaps the best way to 
start is by asking questions in a manner 
which is divorced as much as possible 
from our present conceptual frame- 
work. :For example, three very broad 
and basic questions in population bi- 
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ology which are of particular interest to 
us are the following: (i) What are the 
patterns of variation which may be ob- 
served in nature? (ii) How can we 
evaluate the reality of the observed 
patterns? (iii) What hypotheses can be 
advanced to account for the observed 
patterns? 

The reality of such concepts as "fish," 
"bird," "mammal," conifer," and 
"grass" is rarely questioned; it seems 
obvious that they represent major 
clusters in patterns of variation. That 
peoples of other cultures order natural 
phenomena differently bothers most of 
us very little [for example, Eskimos 
have no generic term for water but have 
a detailed and useful terminology de- 
scribing the various kinds of frozen' 
water; gauchos have some 200 terms 
for horse colors, but they divide the 
vegetable world into four species: pasta, 
fodder; paja, bedding; card, woody 
materials; and yuyos, all other plants 
(9)j. It also seems to bother biologists 
very little that other scientists-for ex- 
ample, physicists-take a rather dis- 
turbingly different view of what is real 
and what is unreal, what is fact and 
what is construct. For instance, the 
Newtonian concept of absolute time 
is not employed by modern physicists 
because no phenomenon with the postu- 
lated properties of absolute time has 
been found experimentally. As we shall 
demonstrate, the concept of genetic (or 
"biological") species, the idea of the 
community as a unit, and many other 
concepts current in subdisciplines of 
population biology have much in com- 
mon with the idea of absolute time. 

The New Taxonomy 

Traditions and force of habit have 
influenced present-day workers in tax- 
onomy more than they have influenced 
workers in most other disciplines. For 
nearly 200 years taxonomists have 
followed Linnaeus in arranging orga- 
nisms in "natural groups." Darwin 
supplied a rationale for the existence 
of such groups, and in the minds of 
many workers the existence of groups 
and their probable cause have become 
inseparable. This has led to the so-called 
phylogenetic approach to taxonomy, in 
which, in the absence of satisfactory 
fossil records, taxonomic systems often 
are used as the basis for constructing 
phylogentic trees. Unfortunately, these 
trees sometimes are then employed to 
alter the original taxonomic system. 
This circular procedure produces sys- 

terns with some predictive value and 
information content, although the proc- 
ess of creating these systems through 
repeated revision is time-consuming and 
relatively inefficient. 

About 5 years ago in the United 
States and England, taxonomists began 
to investigate multivariate methods of 
assaying similarities among organisms 
(JO). The newer methods have method- 
ological and philosophical advantages 
over older methods of multivariate 
analysis (I1), and there is the addition- 
al advantage that data may be handled 
by modern automatic data-processing 
equipment. Several different techniques 
have been developed which give similar 
and repeatable results. The systems of 
logical relationship obtained in this 
manner have relatively high informa- 
tion content. They supply a base for 
phylogenetic speculation, but the specu- 
lation is not involved in establishing the 
base. 

This general approach thus seems to 
provide a means of answering the first 
question posed above, and it presents a 
possible basis for answering the second 
question as well. The genetic relation- 
ships among a group of organisms (that 
is, the pattern of similarities or differ- 
ences among genotypes) might be con- 
sidered a parameter which one could 
estimate by taking samples of the gene- 
tic information for each individual and 
then calculating the matrix of similarity 
(or distance) coefficients among the 
samples. The practical way to sample 
the vast store of information in a 
genotype is to sample the phenotype and 
accept the error introduced by the inter- 
action of the genetic information and 
its milieu. The magnitude of this error 
(which is implicit in virtually all sys- 
tematic studies and most genetic work) 
cannot be estimated accurately at the 

.present time. We need much more 
knowledge of phenomena of the kind 
that may be lumped conveniently under 
the heading "developmental homeo- 
stasis" (12). Indeed, if this sampling 
procedure is legitimate, then patterns 
of (logical) relationship which are es- 
sentially congruent should be produced 
by working with any large sample of 
characters. 

This hypothesis of congruence is be- 
ing tested at several institutions and on 
diverse groups of organisms. For ex- 
ample, Ehrlich is now engaged in a 
detailed investigation of the compara- 
tive external and internal morphology 
of a representative series of butterflies. 
When his study is completed it will be 
possible to compute a matrix of coeff- 
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cents for some 75 characters (13) from 
the external anatomy and another based 
on a roughly equivalent number of 
characters from the internal anatomy. 
To test the assumption that there is a 
reasonable degree of congruence in the 
patterns for adults and for larvae, the 
next step in these investigations will be 
to see whether the same pattern is ob- 
tained when characters of the larvae are 
considered. Recent work by Rohlf (14) 
indicates that such congruence is not 
complete in the patterns of relationship 
of mosquito larvae and adults, and other 
studies, by Michener and Sokal (15), 
of patterns for males and females and 
for head and body characters of bees 
also show incomplete congruence. 
Studies such as these should give infor- 
mation on the "reality" of currently 
accepted patterns of relationship and 
also may help shed light on basic prob- 
lems of development. Present thinking 
leads to the assumption that systems of 
relationships based on adult characters 
will be essentially the same as those 
based on immature stages or alternate 
generations. This is an aspect of devel- 
opment which is poorly understood; in 
addition, it is not certain whether the 
genetic code functions cyclically or in 
different ways in cells at different levels 
of ploidy. 

There seems to be no theoretical 
reason why there must be complete con- 
gruence among estimates of relation- 
ships based on characters from different 
developmental stages or on characters 
from different organ systems of the 
same stage. Thus, for highest informa- 
tion content and predictive value, spe- 
cialized taxonomies designed for opti- 
mal usefulness under restricted condi- 
tions could be created. The day may 
be at hand when, instead of saying 
"mammal taxonomy" or "butterfly tax- 
onomy," we will discuss "adult mammal 
taxonomy" or "pupal butterfly neuro- 
taxonomy." In a taxonomy based on 
ecological requirements, whales will be 
more closely related to sharks than to 
bears. Such a relationship is no more 
or less "true" or "natural" than the 
classical one; it is merely based on 
different attributes. Special systems 
would, of course, be created on de- 
mand-not in expectation of need, as 
today's taxonomies are. What sort of 
taxonomy is desirable depends upon 
what one wishes to use it for. Ecologists 
have used special taxonomies (such as 
that of Raunkiaer) for many years. In 
dealing with a multiplicity of special 
taxonomies, it is obvious that the cre- 
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ation of structures of formal names 
should be avoided. 

It is probable that some type of mean 
relationship will be utilized as a basis 
for a general taxonomy giving estimates 
of overall similarity. This presumably 
would provide estimates of evolution- 
ary divergence, but the actual param- 
eter being estimated' is difficult to 
specify. If it were possible to compare 
directly the nucleotide sequences form- 
ing the entire genetic code of two 
organisms, would this be a "true" meas- 
ure of evolutionary divergence? We 
think not-the code cannot be con- 
sidered without its translation. What- 
ever kind of sampling is used as a basis 
for new general taxonomic systems, it 
appears likely that our current systems, 
based mainly on the external features of 
adult forms, will seem warped in com- 
parison. 

The Species Problem 

One of the most widely accepted 
ideas of population biology is that 
higher animals tend to occur in rather 
well defined clusters called species. 
Various theoretical definitions of species 
have been attempted, and most of those 
accepted by modern evolutionists make 
some statement about reproductive iso- 
lation between, but not within, the 
clusters. In older definitions, assump- 
tions concerning the occurrence or non- 
occurrence of interbreeding are implicit. 
Special definitions such as those of 
paleontology reflect special problems. 
The details of such definitions doubt- 
less are familiar. Botanists, on the other 
hand, have not always found such 
seemingly well-delimited clusters. It is 
commonly admitted that species in cer- 
tain groups of plants simply are not as 
"good" as those in other groups. In 
some families the usual terminology 
may be difficult to apply at the species 
level (16); in others, "species" may be 
well marked but higher categories may 
be difficult to define (17). 

Contrary to widely held opinion, the 
situation in zoology may not be very 
different from that in botany. In well- 
investigated groups such as the nearctic 
butterflies, the distinctness of clusters 
has been vastly overrated (18). It ap- 
pears that the idea of preponderance of 
good species in animals is a generality 
without foundation-an artifact of the 
procedures of taxonomy. These pro- 
cedures require that distinct clusters be 
found and assigned to some level in a 

hierarchy-subspecies, species, sub- 
genus, genus, and so on. Thus, we have 
the fruitless arguments over whether or 
not a species or subspecies is "good." 
Interpolating additional categories (for 
example, superspecies) has not solved 
the logical problem; it has merely ob- 
scured it. The basic trouble seems to be 
confusion concerning the evolutionary 
importance of barriers to gene flow and 
the actual or potential utility of these 
barriers as a criterion in establishing a 
taxonomic system. 

Perhaps the most unfortunate aspect 
of the so-called biological-species defi- 
nition is the need to estimate the inter- 
breeding potential of allopatric entities. 
Laboratory tests are not considered de- 
finitive. For instance, Peromyscus 
leucopus and P. gossypianus will hy- 
bridize in the laboratory, but where they 
occur together naturally in the Dismal 
Swamp of Virginia they remain distinct. 
On the other hand, laboratory hybrids 
between northern and southern popula- 
tions of Rana pipiens do not develop 
properly, although if intermediate popu- 
lations became extinct and the terminal 
ones approached one another naturally, 
selection might alter them so that they 
would interbreed freely on meeting. 

There seems to be an element of 
crystal-gazing in the idea of potential 
interbreeding. First, the events at a 
hypothetical meeting must be predicted. 
Then, if the formation of hybrids is 
postulated, the fitness or viability of the 
hybrid population must be estimated. It 
need hardly be said that fitness and 
viability are parameters difficult to 
estimate in a closed laboratory popula- 
tion of Drosophila, let alone a hypo- 
thetical hybrid population. As Mayr 
(19) points out, unpredictability char- 
acterizes both large- and small-scale 
evolutionary events. These difficulties 
might be partially circumvented by re- 
defining the biological species so that 
laboratory tests become definitive. How- 
ever, the problem of cutting a con- 
tinuum of different degrees of inter- 
fertility would remain, and the amount 
of work required to delimit even a 
single species would be prohibitive. It 
seems clear that the biological-species 
definition never has been operational 
and never will be (20). 

A serious problem facing population 
biologists is the necessity for developing 
mathematical methods of usefully de- 
scribing the relationships observed. The 
ultimate test of a mathematical model 
is how well it describes a situation in 
nature; unfortunately, our current 
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models are of rather uneven perfotm- 
ance. Attempts to improve them have 
taken somewhat diverse paths in dif- 
ferent fields; for instance, population 
ecologists have been exploring applica- 
tions of information theory with rather 
interesting results. However, the mathe- 
matically inclined population biologists 
often accept badly formulated concepts 
of taxonomists as facts. For example, 
they study "species in competition" 
when, at most, only individuals can 
compete. This unfortunate tendency of 
some nontaxonomists to treat species as 
entities reaches its naive extreme in 
papers on topics such as "the embry- 
ology of the monkey" or "the physi- 
ology of the frog." The partially in- 
determinate results of Park's sophisti- 
cated work (21) on two kinds of com- 
peting Tribolium beetles clearly show 
the dangers of treating "species" as 
units. After a number of generations at 
high temperature, the surviving indi- 
viduals were of one kind; at low tem- 
peratures, the survivors were of the 
other; at intermediate temperatures, the 
results varied from experiment to ex- 
periment. It is likely that, as Park sus- 
pected, the genetic variance among the 
beetles (all of the same kind) used to 
start the various experiments is one of 
the factors causing the indeterminacy 
at intermediate temperatures (22). Tri- 
bolium confusum is not an entity, it is 
a taxonomic concept. 

The term species should be retained 
only in its original, less restrictive sense 
of "kind." There seems to be no reason 
why quantitative methods should not 
be used to study phenetic relationships 
(those based on similarity rather than 
imagined phylogeny) at what we now 
loosely call the species level. These 
studies may reveal clusters of popula- 
tions, and, where convenient for com- 
munication, these clusters may be given 
formal names. Their genetic relation- 
ships, when known, can be employed as 
characters but will not be involved in 
category definition. We recognize that 
changes which affect interbreeding are 
phenetic, and thus they may be used 
along with other features of the organ- 
ism as characters in a quantitative 
comparison. 

Recently Ehrlich (18) compared 13 
male individuals of checkerspot butter- 
flies (Euphydryas editha and E. chal- 
cedona) on the basis of 75 characters of 
their external morphology, genitalia, 
and color pattern. Both the relationships 
of the individuals with each other (the 
Q-matrix) and of the characters (the 
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R-matrix) were computed, with product- 
moment correlation coefficients as the 
measure of similarity. Two primary 
clusters were discovered in a search for 
structure in the Q-matrix-E. editha 
(ten specimens) and E. chalcedona 
(three specimens). Euphydryas editha 
and E. chalcedona occur together in 
many areas, but in these places inter- 
mediate individuals are unknown. Two 
of the individuals in the study came from 
a population which, on the basis of clas- 
sical taxonomic procedure, could not be 
assigned positively to one "species" or 
the other. 

The correlation study placed them 
as a distinct subgroup of the E. 
editha cluster. The remaining eight E. 
editha individuals clustered according to 
their overall similarities, not their popu- 
lations of origin. As a test of the 
"'reality" of the pattern of relationships 
observed in the original Q-matrix, addi- 
tional Q-matrices were calculated on the 
basis of different subsets of the 75 
characters. Examination of these Q- 
matrices based on different character 
combinations showed that in eight out 
of nine matrices the correlations among 
the E. chalcedona specimens were all 
higher than any E. chalcedona-E. editha 
correlation. Despite the inadequate 
number of characters (all but two Q- 
matrices were based on less than 60) 
and the rather crude methodology, the 
same gross pattern of relationships 
emerged repeatedly. We have here the 
essence of an operational definition: 
several operations (measurement of dif- 
ferent sets of characters) ascribe the 
same value to the variable (in this 
case the Q-matrix). The clusters thus 
operationally defined could be placed 
at any desired level in a taxonomic 
hierarchy. It seems possible that studies 
such as this of relationships of indi- 
viduals may lead eventually to the 
development of a genetics of popula- 
tions oriented toward genotype, rather 
than gene, frequencies (23). 

This general approach to the "species 
problem" would permit relaxation of 
the rigid hierarchic structure of tax- 
onomic categories which requires that 
all entities be arbitrarily assigned to 
some level (deme, subspecies, species, 
and so on) by the complex system of 
guesswork outlined above. We may now 
modify our system to permit more ac- 
curate and thus more useful descrip- 
tion of the intricate relationships of 
organisms. Just as physics has been 
divested ofC the burden of absolute time, 
so biologists can be freed from the 

necessity of imposing a platonic struc- 
ture on nature. That this imposition on 
nature has been long recognized is 
shown by the following quotation from 
a work published in 1872 (24). 

"It is of interest to note that in 
Aristotle the difference between plants 
and animals is already touched upon. 
. . . Regarding the nature of some 
marine growths one may be in doubt 
whether they are plants or animals.... 
Even the ascidians, says Aristotle, may 
properly be called plants since they give 
off no excrement. . . . One sees that 
Aristotle fell into the same error as 
almost all moderns. The term 'plant,' 
which came to us as a part of our 
language, was interpreted as a term 
that must correspond to a class of 
naturally occurring entities. The same 
thing has happened to later workers 
with respect to the term 'species.' In- 
stead of investigating whether there 
exists in nature anything that is un- 
changeable and circumscribed and that 
corresponds to this term, and then, in 
the absence of such, to allow nature 
her liberty and only artificially to assign 
a meaning to it that corresponds to the 
current state of knowledge, one simply 
assumed that one was compelled to 
consider the word as a symbol for one 
of nature's secrets, a secret that one 
might still hope to unveil." 

Mendelian Populations 

and Gene Flow 

In contrast to the "biological species," 
the concept of Mendelian population 
(in a restricted sense) may have some 
merit. Studies of local populations of 
newts (25) and butterflies (26) have 
shown a remarkable lack of interchange 
of individuals among various parts of 
the colonies. Similar situations have 
been noted in studies of other organ- 
isms. It seems likely that we will find 
in these organisms that entities which 
may conveniently be called Mendelian 
populations do exist, but that they are 
smaller than one would have expected 
on the basis of casual assumptions 
about gene flow. The whole problem of 
the movement of genetic information 
among evolving units has been given 
very spotty study. Here is an area 
where botany and- zoology differ re- 
markably in a number of respects, but 
again the difference may be more ap- 
parent than real. Botanists have for a 
long time accepted the fact that plant 
"species" and even "genera" may hy- 
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bridize, and they have recognized the 
importance in evolution of even rare 
exchanges of genetic material. The 
concept of "introgressive hybridization" 
has become widely used as an explana- 
tion of taxonomic systems. It is only 
very recently that some zoologists have 
admitted that something more important 
than taxonomic problems is involved 
when individuals intermediate between 
accepted clusters are detected. Epling 
and Catlin (27), among others, have 
shown how our frozen concepts and 
terminology may have kept us from see- 
ing important genetic relationships in 
natural populations. Perhaps some such 
neutral term as evolutionary unit might 
be used in evolutionary studies, the term 
species being reserved for pragmatic 
uses only, as mentioned earlier. 

Community Ecology 

When we turn from the level of the 
single evolutionary unit to associations 
of species in nature, we find that no 
field of population biology has suffered 
as severely from hardening-of-the-con- 
cepts as community ecology. In spite 
of clear and well-reasoned arguments 
by a number of botanists (28), one still 
finds discussions, obviously taken very 
seriously, about succession, climax, 
biome, flora, and so on. Even if it be 
granted that these terms are clearly 
understood by specialists in the field 
and that they have a certain practical 
value, surely they are misunderstood by 
workers in other areas of population 
biology. The literature is still permeated 
with terms such as chaparral, tundra, 
spruce-moose biome, dominant, Madro- 
Tertiary flora, and Holarctic fauna, 
which are thought to be biologically 
meaningful. At best they are superficial 
descriptions of places and situations. At 
worst they obscure the intricate pat- 
terning of nature and lead to a mystical 
approach to problems of community 
structure, community migration, evolu- 
tion of communities, and the like. 
Tundra is perfectly acceptable as a de- 
scriptive word meaning something like 
"treeless northern plain"; it is not ac- 
ceptable as a general biological entity 
(once one tries to define tundra as more 
than "the absence of large trees in 
certain climatic regions," one encoun- 
ters great difficulties) (29). 

Consider also the so-called "redwood 
flora," which is commonly thought to 
be a clearly distinct grouping of forms 
which can be traced well back into the 
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Tertiary. Much effort has been spent 
in tracing its "migrations." Nevertheless, 
its floristic composition has changed 
drastically through time, and each 
entity (each interbreeding population of 
individuals) has had an evolutionary 
history dependent on, among other 
things, its own genetic processes. Con- 
cepts of floristic or faunistic sources or 
centers of origin can only obscure the 
genetic processes and confuse the evolu- 
tionary histories. As Mason has said: 
"Because of the differences in genetic 
constitution and in physiological capac- 
ity between the various species of the 
community, and because of the opera- 
tion of different genetic mechanisms it 
is hardly to be expected that any two or 
more species of such a community will 
follow precisely the same historical 
pattern even for a relatively short time." 
That "species" occur in the same com- 
munity implies to many biologists that 
they share the same general "adapta- 
tions" to the environment of that com- 
munity. It should be obvious that the 
only unity such a community possesses 
is based upon the overlapping ranges 
of tolerance of the individual organisms 
for certain factors of the environment. 

Adaptation and Population Fitness 

As everyone knows, one of the less 
fortunate results of the publication of 
the Origin of Species was the subse- 
quent fanatical search for "adapta- 
tions." At one time it was asserted that 
flamingos were pink because this gave 
them cryptic coloration when they flew 
across the sunset! Few nonevolutionists 
realize that the term adaptation is one of 
the least understood and most misused 
in population biology. The entire "adap- 
tation" approach to evolution needs re- 
examination. Natural selection has be- 
come widely recognized as an a pos- 
teriori description of events (differential 
reproductive contributions of different 
genotypes greater than or less than one 
would expect from sampling error). A 
few authors persist in considering selec- 
tion to be some sort of weight or burden 
which can be lifted from the back of a 
poor struggling population. This latter 
view is most evident in works on human 
evolution (30), where we find that man 
has finally been freed from the dire load 
of natural selection. On the other hand, 
adaptation (31), the result of natural 
selection, has retained rather tenaciously 
its status as a "thing." 

It is difficult to see much merit in 

the term, as all known organisms are the 
result of more than a billion years of 
selection and are therefore "highly 
adapted." At best, "adaptation" is used 
in vague comparisons of the way of life 
of an organism with the extent of 
usable habitat (parasites are more 
"narrowly adapted" than omnivores). At 
worst, it is often a device for inciting 
wonder at the diversity of vertebrate 
forelimbs, bird beaks, or pollination 
mechanisms (one is reminded of Lin- 
coln's remark that his legs were, mira- 
culously, just long enough to reach the 
ground). In the former instance, once 
the relationships (preferably quantified) 
have been described, the comment on 
adaptation seems extraneous. Under 
present conditions elephants cannot 
survive in as many places as human 
beings; does it really help to add that 
'elephants are more narrowly adapted 
than people"? The continuing feeling 
that adaptation is some phlogiston-like, 
beneficial substance that a population 
may possess in varying quantities has 
been at least partially responsible for the 
difficulties (mentioned earlier) which 
theorists have had in coming to grips 
with the problems attendant on the 
question of population fitness. 

In highly specified competition ex- 
periments, such as those with Tribolium, 
or in comparable population-cage ex- 
periments in which the standards of 
"'success" are carefully stated (7), popu- 
lation fitness can be given meaning. In 
a provocative paper on possible game- 
theory approaches to evolutionary prob- 
lems, Lewontin (3) suggests using the 
one-generation probability of survival 
as a measure of population fitness and 
briefly outlines experiments to test 
various strategies against this standard. 
At present it is difficult to visualize how 
such approaches can be applied to in- 
vestigations of populations in the field. 
In most cases (if not all), expressions 
such as "populations with structure X 
are more fit than those with structure 
Y" or "species A is more fit than 
species B" are meaningless. 

Evolutionary Theory 

Finally, consider the third question 
posed earlier: "What accounts for the 
observed patterns in nature?" It has 
become fashionable to regard modern 
evolutionary theory as the only possible 
explanation of these patterns rather 
than just the best explanation that has 
been developed so far. It is conceivable, 
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even likely, that what one might face- 
tiously call a non-Euclidean theory of 
evolution lies over the horizon. Per- 
petuation of today's theory as dogma 
will not encourage progress toward 
more satisfactory explanations of ob- 
served phenomena. As Hardin puts it 
(9): "There is always a considerable 
lag in teaching. Many years ago it was 
remarked that the Military Academy of 
St. Cyr in France trained its students 
splendidly to fight the battles of the 
last war. So it is in science teaching; we 
too often train our students to fight 
battles already won, or equip them with 
weapons that no longer fire." We hope 
that population biologists will begin to 
break the bonds of tradition which have 
thus far strongly inhibited the develop- 
ment of a rigorous and unified approach 
to problems at the highest level of bi- 
ological organization. 

Summary 

In summary, then, we would like to 
suggest that in broad investigations of 
the patterns of interaction and relation- 
ship among organisms the artificial and 
stultifying fragmentation of population 
biology into divisions such as taxonomy, 
population genetics, and ecology should 
be ignored. Care also should be taken 
to scrutinize current concepts such as 
"species," "niche," and "community." 
If some emergent patterns seem to 
correspond to a great degree with these 
concepts, then- the concepts may be 
given operational definitions and the 
labels should be retained. If there is 
no such correspondence, then the con- 
cepts will have outlived their usefulness 
and should be discarded. 

31 AUGUST 1962 

The basic units of population biology 
are not communities, species, or even 
populations, but individual organisms 
(32). In populations, variation, growth, 
genetic equilibria, selection, behavior, 
and so on are not "things" but rela- 
tionships. Therefore, what is of interest 
in population biology is the pattern in 
which organisms are related in space 
and time (33). 
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