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That niches of competitors in ecological communities are shaped by mutual coevolu-
tion, which thus allows many species to coexist, is a commonly-held view. Two
species must live together consistently to coevolve, so since predators (or parasites)
are dependent upon their prey, they will necessarily co-occur with them and so
should coevolve. In contrast, competing species, which are not dependent on each
other, need not consistently co-occur or coevolve. Increased diversity, by reducing
the consistency of co-occurrence, also reduces the chance of coevolution.

To demonstrate coevolutionary divergence of competitors one must show: 1) that
divergence has actually occurred: this has been done for some fossil sequences but
not for any extant competitors; 2) that competition, rather than some other
mechanism, is responsible; and 3) that it has a genetic basis. To demonstrate 2) and
3) for natural populations requires appropriate field experiments, which are
suggested in the paper. This has been done, in part, in only one case.

Thus the notion of coevolutionary shaping of competitors’ niches has little support at
present. Theory and evidence suggest that it is probable only in low diversity com-
munities.

J. H. Connell, Dept of Biological Sciences, Univ. of California, Santa Barbara, CA
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1980

TO, UTO HMIM KOHKYPEHTOB B 3KOJIOIMYECKHMX COOGACTBax OPOpMWIMCH B PO~
Lecce KOSBOJILMHM, MO3BAIITANEH T.O. COCYWEeCTBOBATb MHOT'MM BHOAM, obme-—
TIPHHATAsA TOYKA 3peHus. JjBa BMOA OOIDKHH COCYHMIECTBOBATB, MMOCJIEOOBATEITBHO
KOSBOVIOLMOHMPYSI, TaK UTO, MO-CKOIbKY XWUHMKK (WM NapasuTe) 3aBHCAT OT
CBOMX XEpPTB, OHH IQJIKHE HEITPDEMEHHO BCTPEYAThCS BMECTE H T.O. MOTYT KO3-
BQIIOLMOHHUPOBATE. B MPOTHBOMNOJIOKHOCTE 3TOMY, KOHKYPHPYKUME BUIOH, HE3aBH-
CHMEE IPYT OT Ipyra, HAoGA3aTeSbHO IOO/DKHE BCTPEYATHCS BMECTE M KO3BO—
JIOLIMOHHMPOBATE . [IOBHIIEHHE DA3HOOGPA3UA IMPH CHIDKEHMM TTOCTOSIHCTBA COBMECT-—
HOM BCTPEYAEMOCTH Takke CHWKAET BO3MOKHOCTH KO3BQUIOLMH .

U1 OEMOHCTPALMM KO3BOVIOLIMOHHON IMBEPI'eHIMH KOHKYDPEHTHHX BHIOB CJIEOyeT
MoKasaTb: 1. YTO OMBEPreHIMs DEeaIbHO CYWECTBYeT; 3TO GHIIO CHOENAHO IJIA
HEKOTOPHIX HCKOMNAEMBIX PANOB, HO He IV COBPEMEHHHIX KOHKYPHPYHIMX (GOM.
2. YTO KOHKYpPEHIMsI 6Qriee peakTHBHA, YeM JIOGOH Opyrolt MexXaHH3M; 3. H
YTO OHA HMMEET I'eHETHYECKYI0 OCHOBY. UTOOH OOKa3aTb BTOPOM U TPETHH MTyHK-—
TH Ui €CTECTBEHHBIX MOMYJAM, HEOGXOmMMO MPOBEINEHHEe TOVIEBHX 3KCIEpH-
MEHTOB, KOTOpHE IMPeIVIOKEHH B CTaTbe. DTO GRUIO YACTHYHO IMPOOESIAHO JHub

B ogHOM Criydae. TaxkuMm ofpasaM, MpencTaBjieHHe O $opMax KOSBOJIOLMHM HMI
KOHKYPHPYIIIMX BHIOOB IUIOXO OGOCHOBAHO. TeOpHs M uMerumecs GaKkThl [OBOPAT
O TOM, UTO 3TO BOSMOXHO JMIb IVl COOCWECTB C HWSKHM Da3HOOGDA3HEM.
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1. Introduction

A very general definition of an ecological community is
that it is an assemblage of organisms living together.
Interactions of various sorts confer structure on the
community: energy flowing from plants to animals and
microbes, matter cycling from one to another, animals
pollinating flowers, etc. Whereas some of these interac-
tions are positive for both members (mutualistic) or
positive for one with no apparent harm to the other
(commensals), those that are negative for one or both
species (predation, parasitism, competition) present a
problem, namely how do such antagonistic pairs of
species persist together without one driving the other
extinct? What mechanisms stabilize these negative in-
teractions, allowing persistence? In the following I will
concentrate on the problem of the persistence of
coexisting competitors.

In species that compete for space, such as attached
plants and sedentary aquatic animals, the possibilities
for niche differentiation are limited, and will generally
be constrained to occurring in different habitats, i.e.
parts of the space that have different characteristics, e.g.
soil type, soil water content, slope, soil depth that roots
occupy, light levels, water depth, abundance of grazers,
predators, pathogens, etc. If each species is a superior
competitor on a different range of such environmental
conditions, several competing species will be able to
coexist at equilibrium. Each will tend to occupy that
part of a local site where it is the superior competitor.

There are two general ways in which this situation
may have come about. First, the species may have
evolved separately and become adapted to different sets
of environmental conditions; when they later come to-
gether each becomes established in that part of the site
in which it is pre-adapted to do best, excluding inferior
competitors from its habitat. Second, the two species
may have coevolved under pressure of competition, di-
verging from each other so that each then occupied a
different part of the site (MacArthur 1972, May 1974).
This is usually termed *‘habitat shift” (Schoener 1974).

In species that compete for a resource other than
space, the divergence is usually visualized as taking
place along one or more resource axes. Each species has
a resource utilization curve along this axis; one common
example is an axis of particle size of food, e.g. seed size
in granivores. The above remarks about habitat shift
among competitors for space should also apply to shifts
in resource utilization curves among species that com-
pete for food, etc.

2. Coevolution: what circumstances promote it?

In this paper I will evaluate the idea that niche differen-
tiation of competitors has come about by coevolutio-
nary processes. This idea is a popular one: ““The notion
that species niches within a biological community are
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shaped by mutual coevolution is nearly axiomatic in the
ecological literature” (Case 1979). It has also been the
subject of extensive mathematical modelling
(Roughgarden 1979). Despite all the theoretical atten-
tion it has received, there remains a real question as to
how much this notion applies to real communities, and
what sorts of circumstances would promote coevolutio-
nary partitioning of resources between competing
species.

To answer these questions we must first consider the
general case, coevolution between species in all types of
interactions, e.g. predator-prey, parasite-host, etc., as
well as competition. It seems clear that coevolution
between a pair of species is more likely to happen, or
happens more rapidly, in some sorts of interactions than
in others because the species are more likely to co-occur
in some interactions than in others. Co-occurrence is
the first requirement for coevolution. Obviously
coevolution also depends upon the degree of selective
pressure, i.e. the amount that each species affects the
other’s reproduction and mortality. For simplicity I will
assume that selective pressures are equal in all of the
different types of interactions I will discuss here.

Given this assumption, the more interdependent two
species are, the more likely it is that they will co-occur
and so coevolve. For example, specialist predators or
parasites, being completely dependent upon their prey
or hosts for survival, search assiduously for them or
disperse vast numbers of spores, etc. Such behavior
ensures co-occurrence between pairs of species on dif-
ferent trophic levels.

In contrast are interacting species in which neither
seeks out the other, but the two co-occur because both
share a common resource, e.g. competitors. The likeli-
hood of coevolution between two competing species
depends upon how similar their resource requirements
are and how often they meet. For simplicity, let us as-
sume that the resource shared is identical, for example
space, which is an essential resource for plants, sessile
aquatic animals, etc. For such competitors, if space is in
short supply (i.e. if the populations are not kept below
carrying capacity by predators, catastrophes, etc.), the
essential variables determining the likelihood of
coevolution then become the frequency and duration of
co-occurrence.

The likelihood that two species of competitors with
very similar resource requirements will co-occur will be
low under the following circumstances: if they have very
different tolerances to the physical environment, and if
that environment, both physically and biologically, has
high variability in space and time. Different tolerances
will mean that the different species will probably not
live in the same sorts of habitats. High environmental
variability will reduce the frequency of co-occurrence in
several ways: if suitable habitat occurs in small patches,
this will reduce the chance that the species will co-occur.
High temporal variability will reduce the time of effec-
tive coexistence, e.g. periods of winter inactivity.
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Biological variability is another form of environmen-
tal variation. A higher species diversity of guild mem-
bers, both more species and more equal relative abun-
dances, will mean that a species will tend to co-occur
less often with a particular other species than if diversity
were lower. High species diversity is often associated
with changing species composition, as during the inter-
mediate stages of a succession after a disturbance (Con-
nell 1978). The combination of changing species com-
position and high diversity further reduces the prob-
ability of consistent co-occurrence of a particular pair of
competing species.

The upshot of this discussion is that coevolution is
more likely to happen (a) in pairs of species on different
trophic levels than in pairs competing on the same
trophic level, (b) in communities with low species di-
versity in which there are low rates of change of species
composition. The first prediction, that coevolution be-
tween competitors is unlikely, conforms with the views
of others that competition may not be of primary im-
portance in community structure, e.g. Ramensky (1924)
and Gleason (1926) in plant communities, and An-
drewartha and Birch (1954) and Wiens (1977) in ani-
mal communities. These views contrast with those of
Clements (1916) on plants, and Nicholson (1954),
MacArthur (1972), Cody (1974) and Diamond (1978)
on animals, and prompt the following general questions:
What is the evidence for coevolution between com-
petitors and what factors affect it?

3. On the measurement of coevolution between
competitors

To measure the degree of coevolution within a guild of
competing species is very difficult. Ideally, three things
need to be demonstrated: (1) that divergence between
the species in use of resources has occurred, (2) that it
was caused by competition rather than by some other
mechanism, and (3) that the divergence has a genetic,
not simply a phenotypic, basis. While it should be possi-
ble to demonstrate all three in laboratory populations, it
is perhaps of more general interest to be able to do so
under conditions closer to nature. As we will see, this
has been accomplished to varying degrees with popula-
tions of parasites and hosts, rather than with com-
petitors, but the principles are the same. The first step,
to establish the fact of divergence, requires observations
before and after contact between the species. This has
been done directly with the pests of certain crop plants
(Bush 1975) and with fossil sequences (Eldridge 1974).
The problem with fossils is that the second and third
steps can seldom, if ever, be demonstrated. In most ex-
tant species there is usually no direct evidence of the
process of divergence, so that we can only observe the
species in allopatry and sympatry and assume that the
latter followed the former, and that the present condi-
tion in allopatry truly represents the pre-contact condi-
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tion. In some instances this assumption seems justified
(Grant 1972, Husar 1976).

The second step, to establish that the divergence was
due to interspecific competition rather than to some
other mechanism, is very difficult. The surest method is
a field experiment in which the distribution and abun-
dance of one or both species is manipulated (Connell
1974, 1975, Colwell and Fuentes 1975). This method is
not without problems. Controls are often difficult to
arrange, and certain sorts of organisms cannot be mani-
pulated as easily as others, e.g. open-ocean plankton,
long-lived trees, etc. However if carefully controlled
and replicated, field experiments offer perhaps the
strongest evidence for the existence of competition in
natural populations.

Non-experimental methods of demonstrating com-
petition suffer from several difficulties. For example, if
one compares the populations in allopatry and sym-
patry, one must establish (or assume) that the only re-
levant difference between the environments in the two
situations is the absence of one species in allopatry. All
other ecological conditions (physical environment, his-
tory, predators, parasites, etc.) must be similar, or else
there must be evidence that they could not have pro-
duced the divergence.

If the only populations observed are in sympatry,
more difficulties arise. For example, one standard
method is to construct resource utilization curves along
some resource dimension and to calculate the degree of
niche overlap between species along the resource axis.
If the overlap is less than some theoretical threshold
(Hutchinson 1959, MacArthur 1969, 1972), the species
can supposedly coexist. There are several problems with
this method. First, it contains a convenient loophole: if
the reduced overlap of the resource utilization curves is
not found, the objection can be raised that the resource
dimension chosen was not the one along which com-
petition is occurring. Second, niche space is probably
multidimensional, yet it is impossible to obtain data on
all relevant dimensions (Pianka 1975). Third, the
thresholds chosen for overlap, i.e. the limiting simi-
larity, are theoretical but have no proven biological
basis. Fourth, even if the species overlap in resources
they may not compete (Menge 1979). Last but not least
is the problem of deciding how available the resources
or habitats to be partitioned are to the organisms. The
usual assumption is that they are equally available over
the entire existing range of resources or habitats. How-
ever, this assumption will seldom apply to real com-
munities. Petraitis (1979) points out that this error
makes many previously published estimates of niche
breadth and overlap invalid. He proposes a new method
but also points out that this whole approach hinges upon
how well we can discover the proportions in which the
resources are actually available to the organisms. This is
the Achilles Heel of the whole notion: can ecologists
judge availability as the organisms do?

To see whether the niches have diverged sufficiently,
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Tab. 1. To demonstrate that coevolution between competitors has occurred, two propositions must be demonstrated: I, that
competition is the underlying mechanism, and 11, that the divergence has a genetic basis. The following field experiments will test
these propositions. Only if the answers to all the questions posed under treatments 1, 2, 5 and 6 are affirmative, are the
propositions acceptable. (The allopatric populations of species X are referred to as X, the sympatric populations as X,. The other

species, Y, is the presumed competitor.)

Species Y present naturally (sympatric locality)

Species Y not removed

Species Y absent naturally

Species Y removed (allopatric locality)

Treatment 1.
(X, transplanted,

X, removed)
Is X, niche compressed
so that it is signifi-
cantly narrower than
X, niche in treatment 2?

Proposition 1 is tested by
observing changes in the
breadth of the niche of X

Treatment 3.
(X, left in place as
a control)

Treatment 2.
(X, transplanted,

X, removed)
Does X, niche remain
broader than in
treatments 1 and 5?

Treatment 4.
(X, left in place as
a control)

Proposition 11 is tested by
observing changes in the
breadth of the niche of X:
(It need not change for
Proposition 1I to be
acceptable.)

Treatment 6.
(X, transplanted,

X, removed)
If X niche expands,
is it always narrower
than X, niche in
treatment 3?7

Treatment 5.
(X, left in place)

If X, niche expands,
is it always narrower
than X, niche in
treatment 27

one must compare the observed with a random as-
semblage. To do this, one randomly chooses a set of
potentially competing species or randomly places a set
of curves on a resources axis, then compares its struc-
ture to that of the real one to test the hypothesis that the
divergence is significant (Sale 1974, Leviten 1978, Sim-
berloff 1978, Strong et al. 1979). For this method to be
useful, the source from which the random set of species
or utilization curves are drawn should be identical with
that from which the actual community was assembled.
This identity may be very difficult to ensure.

To return to direct methods, the surest way to de-
monstrate that competition, rather than some other
mechanism, caused the divergence, is to do the follow-
ing field experiments (see Tab. 1, Proposition I, for an
outline of the experiments). In these experiments the
breadth of the niche of a species is measured. Actual
niche dimensions such as range of habitat occupied or
diet are more useful than indirect indicators such as
morphological differences, body size, etc. The former
will also be expected to respond to the experimental
treatments more quickly than the latter.

The experimental treatments to test Proposition I
constitute the first set of experiments in Tab. 1, as fol-
lows. Individuals from the allopatric population, X, are
transplanted to the sympatric locality, and then
observed where the other species, the presumed com-
petitor Y, is present (treatment 1) vs. where it is ex-
perimentally removed (treatment 2). In treatment 3,
individuals are not transplanted, but are handled and
observed in the same manner as those transplanted, to
serve as controls for the experimental results. This con-
trol treatment 3 is crucial because the weather or some
other factor extraneous to the experiment might change
during the experiment, causing a change in the niche
breadth unrelated to the experimental treatments.
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We conclude that competition is the likely mechanism
if: the niche of the transplants in the presence of the
competitor (treatment 1) is compressed to be signific-
antly narrower than the niche of the transplants without
the competitor (treatment 2). This tests for competition
operating in the present. However if the niches of the
transplants either do not change or change equally in
both treatments 1 and 2, then some mechanism other
than competition from species Y caused the narrowing
of the niche of the sympatric population. Thus if the
answers to either of the questions under treatments 1
and 2 in Tab. 1 are negative, then competition by Y
must be rejected as the mechanism underlying the dif-
ferences in niche breadth observed between the natural
populations in sympatry and allopatry.

For the third and last step, it must be shown that
evolution has actually occurred, i.e. that the divergence
has a genetic basis. Various methods exist for doing this
in the laboratory: breeding experiments, electrophore-
tic techniques, etc. As an alternative to these laboratory
methods, certain field experiments can demonstrate a
genetic basis (see Proposition II in Tab. 1). This part of
the experiment is designed as follows. In the region of
sympatry, one set of replicate populations, X, is left in
place, in the presence of the competitor, Y. This serves
as a control (treatment 4); like treatment 3, this is
needed to control for extraneously caused changes in
niche breadth. In treatment 5, X, populations are left in
place, but the competitor is removed. In treatment 6, X
populations are transplanted to the allopatric area
where Y is absent naturally.

We conclude that the observed natural differences in
niche breadths between the sympatric and allopatric
populations have a genetic basis if two conditions are
met: (a) In treatment 5 (Y removed), the niche of X,
either does not expand or, if it does, it does not become
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as wide as the niche of population X, in the same situa-
tion (treatment 2); and (b) In treatment 6, where Y is
naturally absent, the niche of the transplanted X again
does not change or, if it does, must be narrower than the
niche of X, in treatment 3 (the natural allopatric popu-
lation). Thus if the answers to either of the questions
under treatments 5 and 6 in Tab. 1 are negative, this
indicates that a genetic change has not occurred. The
experimental manipulations in Tab. 1 are, it seems to
me, both necessary and sufficient to satisfy the latter
two of the three steps posed as being essential in de-
monstrating coevolution between competitors.

4. The evidence for coevolution within guilds

4.1. Increased diversity reduces the probability of
coevolution

The best evidence concerning the factors affecting the
rate of coevolution comes not from guilds of com-
petitors, but from the evolution of resistance by plants
to parasites or pathogens. For example, the count-
er-adaptation of pathogens to overcome the resistance
of certain strains of wheat has been reviewed by Van
der Plank (1968). He describes how certain races of the
pathogenic stem rust Puccinia graminis have evolved
that can overcome the resistance of spring wheat with
the SR genetic strain, if this variety of wheat is exposed
to the rust for long periods in monoculture. However, if
the rust moves from the SR spring wheat to another
variety (winter wheat) that lacks the SR¢ gene, the rust
loses its ability to attack the spring wheat. This loss of
fitness by pathogens that have such ‘“‘unnecessary virul-
ence” is well documented (Van der Plank 1968). Thus
alternation between different kinds of hosts, by reduc-
ing the probability of consistent co-occurrence between
pathogens and a particular host, slows or prevents the
coevolution between them.

Another example has been documented for scale in-
sects on pine trees (Edmunds and Alstad 1978). They
found that individual trees differed in defensive chemi-
cals and that the pests were adapted to attack individual
trees. But success on one tree was maladaptive for col-
onization of another tree. Thus, like the different strains
of wheat, intrapopulation diversity of trees prevented
the pest species from evolving consistently effective
methods of attack. In both of these examples diversity
refers to the genetic variation within species. However
the principle should also apply to variation between
species. The examples involve coevolution between
consumers and their hosts; I am not aware of any similar
evidence concerning the effect of diversity on the rate of
coevolution between competing species within a guild,
but there seems to be no reason to believe that in-
creased diversity would not also reduce the rate of
coevolution between competitors.

The depressing effect of high diversity on coevolution
applies only if all the species being considered actually
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interact. However if the interactions occur mainly
within sets of a few species each, with the different sets
loosely coupled to each other, the depressing effect may
not apply. The idea that communities are organized into
such small “‘components” has been proposed by Root
(1973), May (1977), and Gilbert (1979). However,
Murdoch (1979) has pointed out that even in the temp-
erate zone where diversity is low, those natural com-
munities which have been intensively studied are com-
posed of many, not few, strongly interacting species. In
diverse tropical communities, competitive interactions
also appear to involve many, not few, species. Corals on
even small plots on reef crests at Heron Island, Great
Barrier Reef, interact strongly with many other species
(Connell 1976). Likewise, in rain forests the tree
species are intermingled so that each species interacts
with many others. For example, in a rain forest in south
Queensland, Australia, the mean number of tree species
(all stems = 0.5 m height) per 10 X 10 m plot varied
from 12 to 34 on 8 different sites (Hopkins 1975). In a
north Queensland rain forest the species were also
highly intermingled. This is shown in a tally of the
species of nearest neighbor of each tree = 10 cm
diameter. The commonest species, with 119 trees, had
57 other species amongst its nearest neighbors; in some
of the less common species, all of the nearest neighbors
were different species (Connell et al. unpubl.). Al-
though these data do not prove that small ‘“‘component
communities” of competitors do not occur in diverse
tropical assemblages, they render it unlikely. Therefore
I conclude that coevolution of competitors is also un-
likely in communities of high diversity.

4.2. The evidence for coevolution between competitors

Evidence that divergence has occurred between com-
petitors comes from the fossil record (Eldridge 1974,
Kellogg 1975, Schindel and Gould 1977). While these
examples are interesting, they provide no evidence that
competition was necessarily the mechanism, nor that
the divergence had a genetic basis. Evidence from ex-
tant species is, in the main, even less complete than
these fossil studies, since there is neither direct evidence
for the divergence nor for the other two aspects referred
to above. Most studies simply compare sympatric and
allopatric populations, which is equivalent to single
observations of treatments 3 and 4 of Tab. 1. The vari-
ables compared are usually morphological characters,
since shifts in these are assumed to be likely to have a
genetic basis. Unfortunately, there is little evidence that
the character displacements observed are due to com-
petition. Grant (1972, 1975) came to this conclusion
after a thorough review of all instances published up to
that time.

Studies of character displacement published since
Grant’s 1972 review do not, in my view, change his
original conclusions. For example, in three recent
studies the environment in sympatry was very different

135



from that in allopatry. In studies of a Danish mud snail
(Fenchel 1975a,b), salinity, degree of water turbulence
and substrate particle size all were different between the
localities. In studies of African burrowing desert lizards
(Huey et al. 1974), the topography and soil were strik-
ingly different in the two situations. Since both sets of
species (mud snails and burrowing lizards) would be
expected to be strongly influenced by substrate condi-
tions, and since no field evidence for competition was
produced, it is impossible to conclude that competition
was more important than adaptation to the physical en-
vironment in producing the observed divergence.
Likewise in a study of lizards in sympatry on the main-
land vs. allopatry on islands in Mexico (Case 1979),
there is no direct evidence of competition, and the en-
vironments are acknowledged to be different in the two
situations. However Case (1979) did address the alter-
native mechanisms and gave some evidence indicating
that they are not likely to be relevant in this situation.
Another problem is that the distribution of the com-
petitors may be quite variable. In the case of the mud
snails (Fenchel 1975a: Fig. 9), the co-occurrence at four
localities varied drastically; at one locality it changed
from allopatry to sympatry whereas at another it
changed from sympatry to allopatry, both within a
month. Such variability suggests that there may not be
sufficiently consistent co-occurrence for coevolution to
occur between these species which disperse so actively.

In none of the studies discussed so far have any of the
field experiments been done that are necessary to es-
tablish either that competition is the relevant
mechanism or that the divergence has a genetic basis, as
summarized in Tab. 1. The only instance I am aware of
in which some of these experiments have been done is
the work of J. R. E. Harger on intertidal mussels
(Mytilus spp.) that occur commonly on temperate rocky
shores. M. edulis L. occurs allopatrically in the Atlantic
and sympatrically with M. californianus Conrad in the
north Pacific. In sympatry the two do not usually coexist
on a small scale; edulis is most commonly found on
sheltered shores whereas californianus is commoner on
more wave-beaten ones. In allopatry, edulis occurs in
both sorts of habitats (Kitching et al. 1959, Lewis 1964,
Seed 1969, Menge 1976, Peterson 1979). In an elegant
series of field and laboratory experiments, Harger
showed that the two compete in sympatry; young edulis
invade wavebeaten locations but are torn off by surf
when they grow large (Harger 1970c). In some
wave-beaten locations they may persist as very small
individuals high on the shore or as short-lived invaders
of openings in californianus beds or in refuges in cre-
vices in algal clumps (Suchanek 1978). M. californianus
thrives in wave-beaten places, has thicker shells and a
stronger attachment to the rocks than does edulis
(Harger 1970a). As the mussels grow on wavebeaten
shores, californianus grows around any surviving edulis
and crushes them (Harger 1970b). In shelter, edulis
crawls above californianus which then become

136

smothered in the silt that collects within the clumps of
mussels in quiet water (Harger 1968). The difference
between the distribution of edulis in allopatry and sym-
patry may be an instance of ‘‘habitat shift”, and the
difference may have a genetic basis. Harger (1970c,
1972b,c) found that if californianus were removed,
edulis could not expand its niche to occupy the
wave-beaten places (treatments 4 and 5, Tab. 1). A
comparison between the sympatric and allopatric
populations indicated that there were genetic differ-
ences; shell shape remained different even when the
two were reared together in the field (Harger 1972a).
As to the question of whether competition, rather than
some other mechanism, is responsible for the narrower
habitat niche of edulis in sympatry, the relevant experi-
ments have not yet been performed. Although allopat-
ric edulis individuals were transplanted to a sympatric
location, the critical field experiments to see whether
they could shift their habitat to occupy a greater range
of wave exposures in the absence of californianus
(treatments 1 and 2, Tab. 1), were not done. However,
Harger has demonstrated the feasibility of transplants
from allopatry to sympatry and has shown that com-
petition is important in sympatry. The hypothesis that
these species of mussels have coevolved seems clearly to
be testable in this instance.

S. Diversity, coevolution and community organization

I have proposed (Connell 1975) that interspecific com-
petition is more likely to happen in moderately harsh
physical environments than either in very harsh or in
benign conditions. This is because at one extreme,
populations may be reduced by the direct action of very
harsh conditions below the densities at which they
would compete. Harshness here does not connote re-
duction in resources; what is meant is that the extreme
physical conditions directly reduce populations below
the carrying capacity of the resources. In contrast, under
benign conditions, natural enemies (predators, para-
sites, herbivores) tend to be more effective (Connell
1971) so they also keep the populations below the level
at which they compete. In environments intermediate
between these, the effectiveness of natural enemies is
less, as is the mortality from direct physical stresses.
Therefore, the populations are more likely to reach high
densities and competition is likely. Examples supporting
this idea are presented in Connell (1975) with a model
of how weather, competition and natural enemies affect
the process of recolonization after a community is per-
turbed.

If competition is reduced in more benign environ-
ments, there will be reduced selection pressure for guild
members to coevolve and diverge from each other. If at
the same time diversity is high, as it often tends to be in
more benign environments, this will further reduce the
likelihood of coevolution of competitors. In contrast, in
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moderately harsh environments, where species diversity
tends to be lower, competition should be more intense
and coevolution more likely. Coevolution between pairs
of species on different trophic levels (e.g. pre-
dator-prey, parasite-host) is more likely, even in high
diversity communities, since the species are more often
in contact, the predator assiduously searching for the
prey.

In summary, if the mechanism of niche differentiation
contributes at all to coexistence in many-species guilds,
it seems unlikely to have commonly arisen by species
having diverged by coevolution. Instead, it is more
likely that they diverged as they evolved separately so
that, when they later came together, they coexisted be-
cause they had already become adapted to different
resources or parts of the habitat. Thereafter competi-
tion may keep them apart, as has been demonstrated in
several instances. This is also the view of Grant (1975):
‘““adaptations already possessed by the species at the
time of meeting are the principal determinants of
coexistence”. In any case, other mechanisms such as
those described in Connell (1978, 1979) could also
operate, separately or together, to maintain the coexis-
tence of competitors.

One last point. In the past, when I pointed out to
some ecologists that competition seemed of little im-
portance as a mechanism determining a particular
species’ distribution, they often gave the following ans-
wer. The reason, they said, for my inability to find evi-
dence for competition was because it had already been
eliminated by past coevolutionary divergence between
those species. However, for the reasons discussed in this
paper, and until some strong evidence is obtained from
field experiments along the lines suggested above, I will
no longer be persuaded by such invoking of “‘the Ghost
of Competition Past”.
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