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Abstract. Multilevel selection theory, which has been used to explain the functional
organization of individuals and single-species social groups, can be extended to explain
the functional organization of multispecies communities. Adaptation at lower levels of the
biological hierarchy, such as the individual, does not automatically lead to adaptation at
higher levels. Community-level functional organization therefore requires a process of
natural selection among local communities that vary in their species and/or genetic com-
position. Community-level selection has been demonstrated in the laboratory and is plau-
sible for many natural communities. Mutualisms, strong ecological effects, and complex
systems dynamics do not by themselves produce functional organization and therefore
should be studied in conjunction with multilevel selection theory.

Key words: complex dynamics; ecosystem ecology; functional organization; group selection; mul-
tilevel selection; mutualism; superorganism.

The concept of biological communities as function-
ally organized units has a long and troubled history.
The naturalists that preceded Darwin envisioned all of
nature as part of a grand design. Darwin realized that
his theory justified only a limited form of functional-
ism. Natural selection can cause individuals to become
well designed to survive and reproduce, but adaptation
at the level of individuals does not necessarily lead to
adaptation at the level of groups, much less multi-
species communities. Darwin’s image of nature as a
multitude of inwardly pointed wedges being driven
against each other seems the very opposite of Paley’s
image of nature as an exquisitely crafted watch. Nev-
ertheless, grandiose functionalism did not disappear af-
ter Darwin, but persisted and even flourished by being
reformulated in superficially Darwinian terms. Com-
munities and ecosystems were compared to single in-
dividuals in their functional organization. Ecosystem-
level properties such as productivity, complexity, or
‘‘information’’ were said to be maximized by evolution
in the same way that natural selection maximizes the
relative fitness of individuals. The possibility that lower
level adaptation does not lead to higher level adaptation
was either ignored or assumed to be resolved in favor
of the higher levels. These ideas were scrutinized by
evolutionary biologists in the 1960s and were easy to
dismiss (e.g., Williams 1966). As a result, most com-
munity ecologists with an evolutionary background re-
gard the concept of community ‘‘superorganisms’’ as
unlikely, bordering on the heretical. Nevertheless, this
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did not prevent Lovelock (1979) from proposing his
Gaia hypothesis, in which earth’s entire biota suppos-
edly acts like a great big organism to regulate its at-
mosphere. Even more recently, complex systems dy-
namics has been claimed to produce community-level
functional organization as an emergent property (e.g.,
Depew and Weber 1995).

Against this background, it may sound surprising
that there is a viable theory of community-level func-
tional organization. The theory has emerged, not from
the fields of ecosystem ecology or complex systems
dynamics, but from evolutionary biology. It does not
justify the grandiose view that all of nature is func-
tionally organized, but it does show how smaller mul-
tispecies assemblages can acquire the properties that
are usually associated with single organisms. The pur-
pose of this paper is to outline the elements of the
theory and its implications for the study of biological
communities. I will also attempt to distinguish the the-
ory from other major themes in community ecology,
including mutualisms, strong ecological and evolu-
tionary effects, and complex systems dynamics.

Multilevel selection theory

In his classic book entitled Adaptation and Natural
Selection, Williams (1966) argued (along with Darwin)
that higher level adaptation does not arise automati-
cally from lower level adaptation. Natural selection
within a single population maximizes the relative fit-
ness of individuals and is insensitive to the fitness of
the population per se. A trait that decreases the fitness
of the entire population will be favored if it gives the
individual a bigger slice of the smaller pie. Similarly,
a trait that benefits the entire population but involves
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a cost for the individual will be selected against. Thus,
a group of well-adapted individuals (in the sense of
maximizing relative fitness) does not equal a well-
adapted group. A well-adapted group might regulate
its population size to avoid overexploiting its re-
sources, or cooperate to defend itself against predators,
or improve its common physical environment, but none
of these traits are likely to evolve when natural selec-
tion is insensitive to the welfare of the group per se.
Williams claimed that functional organization at any
level of the biological hierarchy requires a correspond-
ing process of natural selection at that level. Groups
can become well designed only by a process of be-
tween-group selection and ecosystems can become well
designed only by a process of between-ecosystem se-
lection.

Although Williams (1966) stressed that higher level
functional organization is possible in principle, he also
felt that it was unlikely to evolve in practice, because
natural selection at higher levels was invariably weak
compared to natural selection at lower levels. His as-
sessment became the majority view during the 1960s
and 1970s, leading to an individualistic perspective in
evolutionary biology. More recently, however, the is-
sue has been revived and even Williams has empha-
sized the importance of group selection for the evo-
lution of some traits. For example, here is Williams
and Nesse’s (1991:8) description of multilevel selection
in disease organisms:

Bacterial pathogens may complete a million cycles
of fission within the lifetime of one human host, and
there may be more pathogens in one individual than
the earth’s human population. Even in one host, a
pathogen can be expected to produce highly im-
probable mutations many times and to evolve sig-
nificantly in response to even minute selection
forces. . . . It has been realized for many years that
some bacteria rapidly acquire high levels of anti-
biotic resistance . . . and that resistant strains can
locally replace susceptible ones in a few weeks. A
less commonly appreciated phenomenon, the evolu-
tion of virulence, will be emphasized here. . . . As an
extreme example of within-host selection of viru-
lence, imagine two pathogen clones competing within
a host. One uses optimal exploitation, which results
in the maximum number of propagules dispersed dur-
ing the lifetime of the host. The other uses maximal
(lethal) exploitation, which converts host resources
to propagules at the maximum possible rate. The host
will disperse more of the lethal type than its re-
strained competitor. The cost of the host’s death is
borne equally by the two competitors, whereas only
the more virulent benefits from a greater rate of
transmission. . . . In highly virulent cases of cholera
and shigillosis propagules may be dispersed at more
than a hundred times the rate in less virulent cases.

The host’s final output of both strains, of course, may
be less than the long-term output from the less vir-
ulent type when it is the sole exploiter. The evolu-
tionary outcome will depend on relative strengths of
within-host and between-host competition in patho-
gen evolution. This is a clear example of group vs.
individual (clone) selection for altruism, for which
many formal models have been proposed.

It is interesting to compare this description with Wil-
liams’ (1966) earlier treatment of group selection. In
both cases, it is clear that evolution within a single
population (favoring virulence) does not increase the
fitness of the population as a whole. It is also clear that
a process of group selection is required to evolve the
group-level adaptation (reduced virulence). The only
difference is that group selection is seen as a potentially
significant force that is not invariably weak compared
to individual selection. In short, Williams has not
changed his basic framework for thinking about the
subject, but merely his assessment of the balance be-
tween levels of selection. This reassessment is war-
ranted not only for the evolution of virulence but also
for many other traits. Thus, the same conceptual frame-
work that made higher level functional organization
appear unlikely during the 1960s and 1970s makes it
appear likely today, for at least some traits. It all de-
pends on the balance between levels of selection, which
in turn depends on the details of population structure;
the existence of groups, the partitioning of variation
and selection within and among groups, how old groups
contribute to the formation of new groups, and so on.

Applying multilevel selection theory to
multispecies communities

The recent developments in multilevel selection the-
ory have focused largely on the evolution of social
behavior within single species and therefore are not
well known to community ecologists. Nevertheless, the
theory is as relevant to interactions among species as
among conspecifics. Just as single species are often
subdivided into local populations that can serve as units
of selection, communities are often subdivided into lo-
cal patches that vary in their species and genetic com-
position. We can begin to understand the implications
of community-level selection by comparing the classic
group selection experiments of Wade (1976, 1977) with
more recent community-level selection experiments by
Goodnight (1990a, b). Wade formed groups of N 5 16
flour beetles (Tribolium castaneum) and treated pop-
ulation size after 37 d as a group-level phenotypic char-
acter in an artificial selection experiment that would
have been mundane if it had been conducted at the
individual level. In one treatment, the most productive
groups were the ‘‘parents’’ from which a new gener-
ation of groups were formed. In a second treatment,
the least productive groups were the ‘‘parents.’’ In a
third treatment, groups contributed to the next gener-
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ation in proportion to their productivity. Finally, in a
fourth treatment each group contributed an equal num-
ber of progeny to the next generation regardless of its
productivity. Within-group selection operated in all
treatments and was the only evolutionary force in the
fourth treatment because the differential fitness of
groups was suppressed. Within-group selection favored
cannibalism, decreasing group size and demonstrating
once again that evolution within groups does not au-
tomatically increase the fitness of the group. Group
selection operated in the other three treatments because
gene frequency change was influenced by the differ-
ential fitness of groups in addition to differential fitness
within groups. Wade’s experiments showed that group
selection could have a strong effect despite the fact that
the group members were not closely related to each
other genetically. In a series of follow-up experiments,
Wade and his colleagues showed that variation in the
phenotypic character ‘‘group size after 37 days’’ was
not caused directly by variation in the fecundity of
individuals. Rather, it was caused by a complex inter-
action of traits involving cannibalism, synchrony of
development, and response to crowding (Wade 1979,
McCauley and Wade 1980). Just as a phenotypic re-
sponse to selection at the individual level can have a
complex genetic and physiological basis, so also can
phenotypic response to selection at the group level have
a complex genetic, physiological and social basis.

Goodnight’s experiments were similar to Wade’s ex-
cept that his groups were composed of two species of
flour beetles (T. castaneum and T. confusum) and there-
fore were miniature communities. Goodnight treated
the density of one of the species as a community-level
phenotypic character in an artificial selection experi-
ment. In other words, whether a community was used
as a ‘‘parent’’ to found the next generation of com-
munities depended upon the number of T. confusum,
regardless of the number of T. castaneum. In other
treatments, the density of T. castaneum and emigration
rates rather than density were used as community-level
phenotypic characters. Goodnight’s communities re-
sponded to higher level selection, but when he inves-
tigated the mechanistic basis of the response, he dis-
covered that it had an interspecific ecological basis in
addition to an intraspecific social basis. Because se-
lection operated on the entire community as a unit,
genes in either of the two species that caused an in-
crease in the phenotypic character (density of one of
the species) were selected. In fact, the experiment had
selected a particular interaction between the genes in
the two species because when the selected populations
of each species were raised in isolation or with mem-
bers of the other species from the original laboratory
stock, the response to selection disappeared. In short,
the community responded to selection as a single in-
teractive system because the entire community was se-
lected as a unit. The fact that the genes existed in sep-

arate gene pools from the standpoint of reproduction
was unimportant.

These laboratory experiments illustrate a concept of
shared fate that is central to multilevel selection theory
(Wilson and Sober 1989, 1994). The activities of an
organism can affect its abundance relative to other con-
specifics and species in the local community, but they
can also affect the abundance of all organisms in the
local community as a unit. By definition, the shared
effect has no impact on the local species composition
or genetic composition within species. However, when
many local communities exist that vary in their species
and genetic composition, those that function well as a
unit contribute differentially to the next generation of
local communities. Traits can therefore spread, not by
virtue of their advantage within local communities, but
by virtue of the advantage that they bestow on their
local community, relative to other local communities.
If the process of between-community selection is suf-
ficiently strong, then local communities become func-
tionally organized to maximize their contribution to
future local communities. Of course, all of this requires
an appropriate population structure. If there is only one
local community, then the shared effect becomes ir-
relevant. If many groups are present but community-
level selection is weak, then the activities that would
turn the community into a functional unit will largely
succumb to activities that succeed within the local com-
munity.

Natural communities frequently consist of a mosaic
of semi-isolated patches, similar to the local commu-
nities of Goodnight’s (1990a, b) laboratory experi-
ments. In addition, many activities of organisms have
a shared component, resulting in a process of natural
selection at the community level that closely parallels
the process of artificial selection described above. The
following examples will make the process of com-
munity-level selection intuitive.

Single organisms as multispecies communities.—It
is becoming increasingly certain that single organisms
are themselves highly integrated multispecies com-
munities whose members previously led a more inde-
pendent existence. The history of life on earth has been
marked by a number of these coalescing events; mo-
lecular reactions into ‘‘hypercycles,’’ genes into chro-
mosomes, prokaryotic cells into eukaryotic cells, and
so on (Michod 1983, May 1991, Maynard Smith and
Szathmary 1995). The fact that organisms are com-
munities shows that the concept of communities as or-
ganisms is no mere metaphor. The same evolutionary
forces that produced the extreme functional integration
that we call organisms may have produced more mod-
erate functional integration in other multispecies as-
semblages that currently is not recognized at all. Think-
ing of organisms as communities leads to two insights
that are relevant to the more general subject of com-
munity ecology. First, population structure is not just
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a feature of the external environment, but can itself
evolve. In modern-day organisms, the differential fit-
ness of elements within the organism is highly sup-
pressed by genetic mechanisms, such as the rules of
meiosis, and developmental mechanisms, such as the
division of cells into a germ line and a somatic line
(Buss 1987). These mechanisms cause the individual
to be the unit of shared fate with respect to most traits,
concentrating natural selection, and therefore function-
al integration, at the level of the individual. In the
terminology of Dawkins (1982a, b), the individual is
the vehicle of selection. These mechanisms are not just
a happy coincidence, however, but are themselves the
product of evolution. We might, therefore, expect other
multispecies assemblages not only to be functionally
organized, but also to include features similar to the
genetic rules of meiosis that regulate within-commu-
nity processes, concentrating natural selection at the
between-community level.

Second, the mechanisms that regulate evolution
within organisms are largely, but not completely suc-
cessful. As a result, some genetic and cellular elements
do spread at the expense of other elements within the
same organism. As expected from the rule ‘‘adaptation
at level x does not automatically lead to adaptation at
level x 1 1,’’ these ‘‘selfish’’ elements tend to subvert
individual-level functional organization and are often
classified as diseases, even though they are as much a
part of the organism as genetic elements that contribute
to functional design. It is more appropriate to think of
these elements as asexual species that are increasing
at the expense of other species within their local com-
munity. In other words, the conventional image of bi-
ological communities needs to be applied to organisms,
just as the conventional image of organisms needs to
be applied to biological communities.

Discrete symbiotic associations.—Virtually every
metazoan organism serves as a host to a local multis-
pecies community of bacteria, viruses, protozoa, nem-
atodes, and other small species. The population struc-
ture of symbiotic associations closely resembles the
artificial selection experiments described above. For
example, insects that reproduce on patchy ephemeral
resources such as carrion, dung, and wood often carry
a diverse community of wingless species who disem-
bark and pursue a free-living existence along with their
host (the use of one species for transport by another is
termed phoresy). Phoretic communities can potentially
have a positive or negative effect on the carrier species.
Because the phoretic community requires the insect
carrier for dispersal, those with a positive effect on
their carrier will differentially contribute to future re-
source patches, as surely as the flour beetle commu-
nities artificially selected by Goodnight. However, pho-
retic associates that benefit the carrier species do not
necessarily increase their relative abundance within the
local community. Between-community selection has

caused some phoretic associations to evolve into func-
tionally organized ‘‘teams’’ of species that both feed
and protect their insect carrier (e.g., Batra 1979). Other
phoretic associations appear to have a more neutral
effect on their host, but when removed they are soon
replaced by species from the surrounding environment
that have a negative effect (Wilson and Knollenberg
1987). In other words, commensalism is not an absence
of interactions but an evolved set of interactions that
eliminates negative effects on the host that might oth-
erwise easily occur. The same phoretic associates that
do not harm their own hosts act as competitors and
predators to other insect species that they do not depend
upon for transport (reviewed by Wilson 1980:119–
126). Some phoretic associations are commensalistic
rather than mutualistic, in part because their hosts live
in a benign environment that is not easily improved by
the activities of the phoretic associates (Wilson and
Knollenberg 1987). Removing their own negative ef-
fect is the best that they can do.

Even if a symbiotic community can potentially ben-
efit its host, it may not evolve to do so if the population
structure favors within-community processes over be-
tween-community processes. Some host species have
evolved to manipulate the population structure of their
symbionts, playing the role of the experimenter in an
artificial selection experiment. For example, horizontal
modes of symbiont transmission can be suppressed and
the number of symbionts colonizing offspring can be
reduced to a low number, increasing variation among
local communities. Frank (1996b) has suggested that
some hosts even divide their symbionts into a germ
line that is transmitted to their offspring and a somatic
line that benefits the host, so that the products of within-
community selection during the lifetime of the host are
not passed to the next generation. Frank’s research
(1994a, b, 1995, 1996a, 1996b, c) provides an excellent
example of how multilevel selection theory can explain
both intragenomic and interspecific processes within a
single conceptual framework.

Nutrient cycling in open water.—At first glance, the
open-water ecosystems of lakes and oceans might seem
like the last place to find a population of isolated local
communities. However, it appears that much of the pho-
tosynthesis and nutrient cycling that takes place in the
open water is on the surface of tiny aggregates of or-
ganic matter that serve as a substrate for phytoplankton,
bacteria, flagellates, and ciliates (Goldman 1984; dis-
cussed by Stone and Weisburd 1992). These may act
as micro-ecosystems in the capture, retention, and flow
of nutrients that keep algae growing at near-maximal
growth rates even in highly nutrient-poor environ-
ments. The open water consists of billions of these
micro-ecosystems, some of which must surely function
better than others, based on their species and genetic
composition. If the most productive micro-ecosystems
contribute differentially to the colonization of new mi-
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cro-ecosystems, then it is possible to envision the se-
lection of micro-ecosystems in which nutrient cycles
and energy flows among species become functionally
organized, much as Odum (1969) and others have spec-
ulated for ecosystems in general. Thus, adaptive eco-
system processes are a genuine possibility, but they
require a mechanism. The problem with earlier theories
of ecosystem function is not that they are necessarily
wrong, but that they were proposed as if they applied
to all ecosystems without any attention to mechanism.

Localized interactions in spatially continuous com-
munities.—So far, all of my provisional examples of
community-level selection have involved local com-
munities with discrete boundaries. However, discrete
boundaries are not required for community-level se-
lection. Localized interactions are required, such that
shared effects remain in the vicinity of the assemblage
that causes them. Localized interactions can occur in
spatially continuous communities as easily as com-
munities that are broken into discrete patches. For ex-
ample, the soil community under each plant is likely
to have a large effect on the plant, which will in turn
have a shared effect on the soil community under the
plant but not 1 or 2 m away. The fact that the plant is
adjacent to other plants and the soil community under
one melds with the soil community under another does
not prevent spatial variation in the composition of local
communities and the localization of shared effects.

Leigh (1991, 1994) has recently interpreted the struc-
ture of tropical forest communities in terms of multi-
level selection theory. He suggests that certain plant
dispersal regimes favor within-community processes,
resulting in ‘‘spiteful’’ species that degrade their en-
vironment in the process of capturing a large slice of
the pie. Other dispersal regimes favor between-com-
munity processes, resulting in species that are ‘‘good
neighbors,’’ improving their local environment even
when it does not increase their relative abundance with-
in the local environment. As one example from Leigh
(1994:679), ‘‘Some trees form root grafts with neigh-
bours of the same, or different species. . . . On the wet,
windward slopes of Puerto Rico, the dominant canopy
tree, Dacryodes excelsa (Burseraceae) forms root grafts
with conspecific neighbors. During the destructive hur-
ricane Hugo, root grafts saved their possessors from
being uprooted (Basnet et al. 1993).’’ Leigh’s specu-
lations do not constitute a rigorous test of multilevel
selection, but they do illustrate how novel and inter-
esting hypotheses can be generated by the theory.

Distinguishing multilevel selection theory from
related subjects in community ecology

Community-level functional organization often in-
volves mutualisms, strong ecological interactions, and
complex systems dynamics. However, these subjects
by themselves do not provide the vital ingredient for
community-level functional organization, which is a

process of natural selection at the community level.
When these subjects are studied apart from multilevel
selection theory, they often contribute little or nothing
to our understanding of community-level functional or-
ganization. It is, therefore, important to show why they
are insufficient by themselves and how they can be
studied more profitably.

Mutualism.—It has become a truism to say that mu-
tualism is a neglected subject in community ecology.
Recent models and empirical studies have shown that
mutualisms are common, in part because they arise
inevitably from indirect species interactions. For ex-
ample, even if all species in a community compete
directly with each other, a large fraction of the rela-
tionships are indirectly mutualistic because the species
suppress other competitors more than they suppress
each other (e.g., Stone and Roberts 1992). Similarly,
almost any modification of the habitat or alteration of
nutrient cycles and energy flows will benefit some spe-
cies, even as they harm others (e.g., Jones et al. 1994).

These studies are interesting and important in their
own right, but their very success makes them nearly
irrelevant to the subject of community-level functional
organization. Since mutualisms are an inevitable by-
product of indirect effects, they will exist even in high-
ly dysfunctional communities. Mutualisms must cer-
tainly play a role in community-level functional or-
ganization, and may be more common in functional
than dysfunctional communities, but knowing the pro-
portion of interactions in a community that are mutu-
alistic says very little about its functional organization.
Furthermore, community-level functional organization
can involve antagonistic processes, such as competition
and predation, in addition to mutualism. Even the pro-
cess of individual development involves interactions
that would look like competition and predation if the
cells were regarded as a multispecies ecological com-
munity. Community-level functional organization must
be studied in the same way as individual-level func-
tional organization, by investigating the properties that
contribute to functional design. The question of wheth-
er these properties are created by mutualistic or antag-
onistic interactions among members of the community
is a secondary issue.

Strong ecological interactions.—The Gaia hypoth-
esis (Lovelock 1979), which portrays the earth’s entire
biota as one big organism, is one of the most recent
expressions of grandiose functionalism. The fact that
it could be proposed and taken seriously at all reveals
a discouraging lack of communication among evolu-
tionary biology and some subdisciplines of ecology.
Discussions of the Gaia hypothesis often confuse high-
er level functional organization with strong ecological
effects and dynamic equilibria. For example, it is en-
tirely possible that biotic processes could have a strong
influence on the earth’s atmosphere. It is also plausible
that biotic processes could be included in dynamic
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equilibria, returning the concentrations of gases to a
set point when they are perturbed. However, strong
effects and dynamic equilibria are properties of many
chemical, physical, and biological systems and do not
imply functional organization. A consumer population
can have a carrying capacity, regardless of whether it
manages or overexploits its resources. Even the most
dysfunctional communities can be stable, responding
in ways that resist perturbation. Indeed, the best ex-
ample of life’s influence on the earth’s atmosphere in-
volves the slow accumulation of a toxin (oxygen) that
only later became a resource. By analogy, we might
imagine humans generating vast landfills of waste
products and later utilizing them as a resource after
they have degraded the rest of their environment. This
is interesting and important, but it is a far cry from
imagining the human population as one big organism
that regulates its environment for its own benefit. In
general, the fact that organisms have strong effects on
each other and their environment, often resulting in
dynamic equilibria, should not be confused with higher
level functional organization.

Complex systems dynamics.—The ‘‘emerging sci-
ences of complexity’’ (Kauffman 1993) have many im-
portant implications for ecology and evolution. Some-
times it is claimed that complex system dynamics can
produce higher level functional organization in the ab-
sence of natural selection. For example, consider the
following passage from Depew and Weber (1995:474):

Ecosystems favor species that, in funneling energy
to their own production and reproduction, also in-
crease the total energy flow through the system. The
effect is to increase the dissipation of energy as en-
tropy production to the surroundings. This greater
entropy production produces autocatalytic energy
and matter flow cycles that not only become sinks in
themselves but also facilitate greater flow of energy
through the system as a whole. This process results
in a decrease in the intensity of energy flow as the
biomass increases, after an initial ‘‘charging’’ pe-
riod when the intensity of energy flow is increased.
Individual nodes become more efficient.

Embedded in the thermodynamics talk is the naive
assumption that adaptation at level x (‘‘in funneling
energy to their own production and reproduction . . . ’’)
automatically leads to adaptation at level x 1 1 (‘‘ . . .
also increase the total energy flow through the sys-
tem’’). Williams (1966) examined and rejected this as-
sumption 30 yr ago, and many examples of adaptations
at level x that disrupt functional organization at level
x 1 1 have accumulated since then. Williams’ analysis
had such an impact on evolutionary biologists that it
is now a struggle to convince them that higher level
functional organization exists at all. It is, therefore,
discouraging that ‘‘the emerging sciences of complex-

ity’’ are so isolated from evolutionary biology that the
mistakes of the 1940s and 1950s are being repeated.

It is certainly true that complex systems dynamics
can produce striking patterns in the absence of natural
selection, similar to the colorful computer art that can
be generated by complex systems of equations. How-
ever, pattern is not the same as functional organization.
An object that is designed to do something well, be it
a machine, an organism, or an ecosystem, must be
structured in a highly specified way. Complex systems
dynamics are no more likely than simple systems dy-
namics to produce just the right combination of prop-
erties in the absence of natural selection.

It is also true that complex systems dynamics can
be highly relevant to community-level functional or-
ganization when studied in conjunction with multilevel
selection theory. As an example, Wilson (1992) built
a simulation model in which local communities are
colonized from a global pool of species. The species
in each local community interact for a period of time
and then disperse back into the global pool. Sampling
error during the colonization process causes local com-
munities to vary in their initial composition. When spe-
cies interactions are simple, the initial variation is of
little consequence because each local community con-
verges on one or a few stable equilibria. However, when
species interactions are complex, sensitive dependence
on initial conditions magnifies the initially random
variation among local communities rather than shrink-
ing it. Natural selection at any level requires variation
among units, and complex interactions provide an im-
portant source of variation at the level of local com-
munities. In the simulations, communities governed by
complex interactions responded to community-level se-
lection, whereas communities governed by simple in-
teractions did not. In general, complex interactions may
play a critical role in the evolution of community-level
functional organization, but we will never know until
we study complex systems dynamics in conjunction
with multilevel selection theory.

Despite its long history, the concept of biological
communities as functionally organized units has never
become a productive research program. Multilevel se-
lection theory provides a theoretical framework that
will allow the concept to be rigorously studied for the
first time. The first insights to emerge from this frame-
work are encouraging. Anyone who studies commu-
nities knows that they tend to vary at a local scale.
Anyone who has tried to perform a replicated experi-
ment in community ecology knows that the replicates
within a treatment have a perverse way of becoming
different from each other, even when every effort is
made to keep them identical. Phenotypic variation at
the community level has been shown to be heritable in
the only experiment that addresses this issue (Good-
night 1990a, b). It is often plausible from the natural
history standpoint to expect multispecies communities
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to be units of shared fate. Mutualistic symbiotic as-
sociations have been known for decades, but in ret-
rospect it is likely that they provide evidence for com-
munity-level selection in nature.

Some implications of multilevel selection theory are
so new that they are almost disorienting. Biological
communities are conventionally viewed as collections
of species that evolve as separate entities. The evolu-
tion of a species can be influenced by other species in
the community, but it remains a separate entity with
its own strategy of survival and reproduction. When
natural selection operates at the community level, all
of the species in a local community become part of a
single interacting system that produces a common phe-
notype, more like genes than species as we usually
think of them, and the local community acquires the
properties of adaptation that we usually associate with
individuals. The novelty of this perspective is perhaps
best illustrated by the fact that Goodnight (1990a, b)
is evidently the first person in the history of biology
to treat multispecies communities as evolvable units
whose properties can be shaped by standard artificial
selection procedures. We do not know how often nat-
ural selection operates at the community level, but there
is every reason to find out.
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