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Abstract.

Ecologists have long been interested in the differences that exist among

communities. If species adapted rapidly and without constraint, and if any lineage could
occur in any community, then we would expect differences in community structure to be
indicative of environmental differences. Because lineages differ in their evolutionary po-
tential and are geographically restricted, however, comparisons of community structure
must take account of communities’ histories. Phylogenetic information about the constituent
lineages in a community can allow lineage effects to be factored out, thus allowing an
assessment of environmental determinants of community structure. In addition, phylogenetic
information permits understanding of how communities have evolved through time and
suggests hypotheses that may be tested using extant communities. Methodological diffi-
culties with the application of these methods to community ecological issues are also

discussed. -

Key words: Anolis; community ecology, community evolution;, community structure; comparative
method; history and community structure; phylogeny; species diversity.

. INTRODUCTION

Community ecologists have traditionally been inter-
ested in both the proximate and ultimate causes of com-
munity structure. Proximate approaches to community
ecology investigate the processes operating within
communities and the effect these processes have on
community structure. These approaches have been in
the ascendancy over the past 20 yr because they are
amenable to direct measurement and experimentation.
By contrast, ultimate approaches to community ecol-
ogy involve study of why communities have a partic-
ular organization and why differences exist between
communities. Because historical effects on communi-
ties are long lived, ultimate questions cannot be an-
swered solely from knowledge of present-day condi-
tions (Mayden 1992, Ricklefs and Schluter 1993, and
references therein). Rather, to understand the structure
of contemporary communities, and why particular
communities are convergent or distinctive, a firm un-
derstanding of the history of these communities is nec-
essary. Although such questions historically held great
interest to community ecologists (e.g., MacArthur
1972), the lack of a suitable methodology for their
study caused the investigation of ultimate causes of
community structure to fall from favor in the late
1970s. Recent years, however, have seen conceptual
and methodological advances in our ability to study
historical events. Use of these new phylogenetic meth-
ods allows community ecologists to once more inves-

! For reprints of this Special Feature, see footnote 1, page
1319.

tigate the ultimate causes of community structure and
organization.

Although now common in comparative studies of
species’ ecology (e.g., Brooks and McLennan 1991,
Harvey and Pagel 1991), phylogenetic approaches have
been little used in elucidating the factors determining
community structure. The goal of this paper is twofold:
first, to illustrate how phylogenetic studies can aid in
understanding community organization and composi-
tion, and, second, to illuminate some of the conceptual
difficulties inherent in inferring historical processes
from phylogenetic patterns.

PHYLOGENETIC APPROACHES AND
CoMMUNITY ECOLOGY

In this section, I first illustrate how historical con-
tingency can confound community comparisons, then
discuss how a wide variety of questions in community
ecology can be conducted within a phylogenetic con-
text and conclude by examining the situation in which
a community is composed of a number of unrelated
lineages.

In a world in which evolution was unconstrained and
rapid and in which any lineage could occur in any
region, communities in similar environments would be
expected to be similar in structure (Orians and Paine
1983, Blondel et al. 1984, Schluter 1986a, 1990, Wiens
1989, Ricklefs and Schluter 1993). The observation of
dissimilar community structures would suggest that
communities were in dissimilar environments. How-
ever, in the real world, evolution is constrained and
lineages are restricted in geographic distribution. Con-
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sequently, differences in the structure of communities
may result as much from the differences in the lineages
that occur in different communities as from differences
in environmental conditions.

For example, members of the order Carnivora are
more ecologically differentiated in Wyoming than in
the Serengeti or Malaysia (Van Valkenburgh 1985,
1988). The proximate cause of these differences is the
presence of a distinctive lineage of carnivores (the
bears) in Yellowstone and their absence in the other
two communities. Although environmental differences
between regions could account for these observed dif-
ferences in community composition, an alternative pos-
sibility is that the lineages that predominate in the dif-
ferent areas differ in their evolutionary potentialities
(Cadle and Greene 1993, Morton 1993).

Consequently, correlations between community struc-
ture and the presence of particular lineages suggest that
investigation may be directed more profitably toward
explaining differences in lineages than differences in
environmental conditions. Why have bears not colo-
nized the Serengeti or the Malaysian lowland evergreen
rain forest? Why are the other lineages present in the
'Serengeti and Malaysian rain forest (e.g., canids, fe-
lids) seemingly unable to evolve a bear-like morphol-
ogy? Of course, environmental differences could ac-
count for the differences in community structure: may-
be, for example, vegetation structure in the Serengeti
both precludes ursine colonization and selects against
other lineages evolving a more ursine aspect. Though
possible, the explanation seems unlikely considering
that bears have never crossed the Sahara and that no
other extant carnivore lineage has produced a bear-like
morphology. Framing the questions in the context of
differences between lineages emphasizes that environ-
mental differences are only one of a number of possible
explanations; evolutionary and biogeographical con-
siderations must be examined as well (see also Cogger
1984, Strauss 1987, Nee et al. 1991, Cadle and Greene
1993 [but see Winemiller 1991, Cotgreave and Harvey
1994]).

Phylogenetic approaches may be important not only
for understanding why communities differ, but also for
understanding why they are similar. For example, in
the Lesser Antilles, which contain either one or two
species of Anolis lizards, a remarkable regularity exists:
on two-species islands, the species differ considerably
in size, whereas one-species islands contain species
that are intermediate in size (Schoener 1970). The per-
vasiveness of these patterns in the Lesser Antilles
might suggest that the same ecological process has been
operating throughout the region.

However, phylogenetic information again provides a
different perspective by indicating that the cause of
evolutionary changes in size has not been the same
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Fic. 1. The Lesser Antilles. The bar lies between Dom-
inica and Martinique. Species of Anolis on islands north of
the bar are related to anoles on Puerto Rico, whereas species
on islands south of the bar are related to South American
taxa.

throughout the islands. The Lesser Antilles are occu-
pied by two distinct lineages of Anolis lizards. Dom-
inica and islands north contain species related to those
on Puerto Rico, whereas islands to the south harbor
species with South American affinities (Fig. 1). A phy-
logenetic analysis of size evolution in the two clades
indicates that the patterns of size similarity may not
have been generated in the same manner (Losos
1990a). In the northern Lesser Antilles, large and small
size appear to have evolved simultaneously when two
lineages came into sympatry (but see below, Concep-
tual and methodological concerns in applying phylo-
genetic methods to community evolution: Methodolog-
ical uncertainties)—exactly the prediction of a hy-
pothesis of character displacement (i.e., that species
diverge morphologically in sympatry to minimize re-
source competition). By contrast, in the southern Lesser
Antilles, evolutionary change in body size appears to
have been unrelated to whether a species occurred in
sympatry with congeners. Consequently, the existence
of size patterns must have resulted from a process of
ecological sorting in which only dissimilar-sized spe-
cies can successfully colonize and coexist on the same
island (Case 1983). Thus, the relative importance of co-
evolutionary processes in determining community
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Fic. 2. The evolution of limb length in odonate larvae.
Ancestrally, species occur in lakes occupied by fish. Bars
represent transitions to occupying fishless lakes. Numbers
represent the amount of evolutionary change in limb length
between ancestor and descendant, as deduced using parsi-
mony methods for reconstruction of ancestral character states
(Maddison and Maddison 1992). Illustrated here is only one
of the many equally parsimonious reconstructions of char-
acter evolution. All, however, indicate greater change on the
two branches in which the transition to fishless lakes occurred
than on other branches (based on McPeek 1995).

structure differs between the northern and southern
Lesser Antilles, a result that is only apparent when
these lizards are studied in a historical context.

The use of phylogenetic information to
factor out historical effects

The previous section indicates how historical effects
can potentially confound comparisons among com-
munities that differ in lineage composition. By explic-
itly incorporating phylogenetic information into studies
of community structure, however, such historical ef-
fects often can be factored out, thus allowing an as-
sessment of the extent to which differences in structure
among communities result from evolutionary responses
to current environmental conditions. Further, historical
approaches can direct inquiry away from proximate
ecological circumstances and toward more appropriate
evolutionary and/or biogeographical explanations for
community patterns.

Communities can be compared both in terms of the
attributes of their constituent species and in terms of
the properties of the communities themselves. An ex-
ample of a species-level community comparison is
McPeek’s (1995) study of North American odonate as-
semblages. The different characteristics of damselfly
larvae in lakes with or without fish predators result
because lineages moving into fishless lakes have
evolved a distinctive set of morphological and behav-
ioral characteristics, probably as a means of avoiding
predation by dragonflies (Fig. 2; other examples are
presented by Losos 19905, Altaba 1991, Peterson 1993,
and Miles 1994).

Hypotheses concerning environmentally caused evo-
lutionary trends within lineages also invite phyloge-
netic analysis. For example, taxon cycle models sug-
gest that a successional process of diversification oc-
curs as a lineage first colonizes a new area and then
specializes to use different microhabitats. Originally
proposed to explain the evolution of ant community
structure on islands throughout Polynesia (Wilson
1961), the taxon cycle model subsequently was applied
to other taxa (e.g., Greenslade 1968, Ricklefs and Cox
1972; see also Roughgarden and Pacala 1989). Liebherr
and Hajek (1990) used phylogenetic information to re-
construct the evolution of eight lineages of New World
carabid beetles and found that only one lineage had
diversified in a manner consistent with a taxon cycle
hypothesis (see also Grandcolas [1993] on the evolu-
tion of habitat use in a lineage of cockroaches).

The evolution of communities themselves can also
be investigated using phylogenetic methods; recon-
structions of community evolution may be useful for
both testing and generating hypotheses. For example,
in many communities, species partition resources along
several axes. Ecological theories differ in predictions
about which axis (e.g., diet, habitat) should be the first
to be partitioned as a community increases in diversity
(e.g., MacArthur and Pianka 1966, Schoener 1974).
Again, these are hypotheses that can be explicitly tested
with phylogenetic information. The two communities
subjected to phylogenetic analysis to date provide dif-
ferent results. Old World warbler assemblages appar-
ently diverged early in prey size and only subsequently
in habitat use (Richman and Price 1992), whereas the
assemblages of Anolis lizards on Jamaica evolved in
the opposite order (Losos 1992). Phylogenetic analysis
also indicates that similarity in structure among com-
munities of fish (Winemiller 1991), anoles (Losos
1992), and vultures (Hertel 1994) is the result of con-
vergent evolution in similar environments.

Differences in the number of species among com-
munities have long intrigued community ecologists.
Many studies have looked to contemporary conditions
as an explanation for differences in diversity among
communities, but other considerations also may be im-
portant (MacArthur 1972, Ricklefs 1987). Although
historical and/or geographical phenomena often have
been considered to be of major importance in deter-
mining diversity (reviewed in Ricklefs and Schluter
1993), lineage effects rarely have been explored.

One possibility is that some lineages are inherently
more likely to speciate or less vulnerable to extinction
than others. Causes for lineage-based differences in
speciation and/or extinction might be more related to
intrinsic features, such as population structure, rather
than a result of external environmental factors. Thus,
differences in diversity among regions might result
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simply because one region contains lineages that tend
to diversify more than another. Intercontinental differ-
ences in desert lizard diversity might be an example of
this phenomenon (Losos 1994).

In addition, phylogenetic studies can suggest new
avenues of investigation into community patterns. For
example, species of Anolis have independently adapted
to using grassy habitats in Cuba, Puerto Rico, Hispan-
iola, and Central America, but no such species occurs
on Jamaica. One might ask: why are there no grass
anoles in Jamaica? However, phylogenetic analysis in-
dicates that other questions may be more appropriate.
Phylogenetic reconstructions indicate that a predictable
sequence of evolution of habitat specialists occurred
on Greater Antillean islands. The grass habitat eco-
morph (sensu Williams 1972) is the fifth in the se-
quence to evolve, but Jamaica has progressed to only
the four-ecomorph stage (Williams 1972, 1983, Losos
-1992). Thus, instead of focusing narrowly on the ab-
sence of a grass specialist, investigation might more
profitably be directed toward the broader question of
why Jamaica has only progressed to the four-habitat
stage.

Communities as open systems.
colonization, vicariance, and in situ
evolution

The preceding section dealt with the case in which
all members of an assemblage are descended from a
single ancestor; consequently, speciation and adaptive
change occurred in situ. This situation is not represen-
tative of most communities, which are usually com-
posed of multiple trophic levels comprising many dis-
tantly related lineages (e.g., plants, microbes, verte-
brates). Put another way, the nearest relatives of many
taxa will occur outside of the community. Consequent-
ly, the composition and structure of such communities
will result from a combination of colonization, geo-
logical events, and in situ ecological and evolutionary
events. Accordingly, untangling the relative contribu-
tion of these different factors will require methods that
can reveal historical changes in both ecology and geo-
graphical distribution (Mayden 1987, Brooks and
McLennan 1991, 1993, Gorman 1993).

Combining phylogenetic and geographical infor-
mation can thus provide an important perspective on
community patterns. Consider, for example, anole as-
semblages on small islands in the western Caribbean.
On Little Cayman Island, A. sagrei and A. maynardi
(a member of the carolinensis species group) are sym-
patric and differ in habitat use. One hypothesis to ex-
plain this distribution is that the two species evolved
differences in habitat use on Little Cayman to minimize
competition. However, members of the sagrei and car-
olinensis lineages are sympatric in many locations

throughout the Caribbean (including Cuba, where they
both evolved), and in all cases, the two species show
the same pattern of habitat partitioning. Although hab-
itat partitioning may have evolved independently on
each of these islands, this hypothesis is not parsimo-
nious. An alternative explanation is that the evolution
of habitat partitioning may not be a recent phenome-
non, but, rather, evolved in the ancestors of the two
lineages when they first came into sympatry in Cuba.

The historical analysis thus indicates that a study of
the cause of habitat differences focusing on the anole
community of Little Cayman would be inappropriate
because habitat partitioning between these lineages
originally evolved long ago on a different island. None-
theless, competition may still be important in regulat-
ing community structure by, for example, preventing
populations of sagrei from evolving to be more like
carolinensis in habitat use or by preventing two mem-
bers of the carolinensis lineage from coexisting. The
historical perspective suggests an alternative possibil-
ity, however; ecological interactions between members
of the two lineages may no longer occur, but the com-
munity structure that evolved in the past may persist
nonetheless. These two hypotheses about the present-
day importance of interspecific competition are testable
because they make different predictions about whether
interspecific interactions should occur in extant com-
munities and what habitat use should be like on islands
on which only one of the lineages is present (similar
examples are discussed by Brooks and McLennan
[1991, 1993]).

Historical explanations will only be appropriate
when phylogenetic information suggests that a partic-
ular community structure arose prior to the origin of
extant communities. If communities either do not con-
tain the same lineages or if a lineage differs ecologi-
cally between the communities, then phenomena
unique to one of the communities (e.g., colonization,
extinction, in situ ecological change) will be implicated
as an important determinant of community structure.
On Jamaica, for example, A. sagrei occurs with mem-
bers of the Jamaican anole radiation (Williams 1969).
These lineages co-occur naturally nowhere else. Con-
sequently, to understand the interactions that occur be-
tween A. sagrei and other Jamaican anoles, one need
not look further than Jamaica—there is no historical
component to the interactions between these taxa,
which may be studied, at least initially, in an ahistorical
context. Even in this case, however, it is possible that
A. sagrei interacts with Jamaican anoles in the same
manner in which it interacts with A. carolinensis else-
where; hence, an historical perspective may still prove
informative.

These approaches need not be confined to closely
related taxa in a community. Historical information
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may prove informative whenever elements of com-
munity structure have a history of interaction. Indeed,
there is a large body of literature concerned with in-
vestigating the extent to which evolutionary diversi-
fication in interacting components of a community,
such as parasites or phytophagous insects and their
hosts, has been linked (Farrell and Mitter 1993, and
references therein). Historical influences on community
structure can be examined among any elements of the
community, such as predator—prey and multiple tro-
phic-level interactions. All that one needs is historical
information on all of the component lineages within
each community considered in a study.

Brooks and McLennan (1991, 1993) devised a meth-
od to synthesize biogeographic, phylogenetic, and eco-
logical information. Essentially, the method combines
parsimony methods to reconstruct evolutionary change
in ecology with vicariance biogeography methods to
distinguish in situ speciation from colonization. Brooks
and McLennan thus recognize four components con-
tributing to community structure: (1) species that in-
teract in the same way that their ancestors did in other
communities (Fig. 3a) (such communities often are cre-
ated by vicariant events [e.g., mountains rising and
dividing a previously continuous community in two]
rather than by colonization); (2) species that colonized
a community but do not lead to ecological shifts (Fig.
3b) (thus, new associations of lineages are established,
but ancestral ecologies are conserved); (3) species de-
rived in situ that evolved different ecological require-
ments (Fig. 3c); and (4) species that colonize a com-
munity and interact with species already present, lead-
ing to ecological shifts in the colonizer, the resident,
or both (Fig. 3d).

In all of these situations, the causal basis for the
origination of a particular community structure must
be sought at the appropriate historical level because
the ecological forces responsible for the origination of

a community’s structure may not be the same as the
processes maintaining that structure in extant com-
munities. This is not a new idea (e.g., Connell 1980),
but phylogenetic approaches now provide the appro-
priate methodology to test such hypotheses.

Studies of South American stingray parasites (Brooks
and McLennan 1991, 1993) and North American fresh-
water fish (Gorman 1993) have used this approach.
Both suggest that similarity between communities often
results because vicariant events create communities
composed of the same set of lineages, with each lineage
remaining ecologically similar across communities.

CONCEPTUAL AND METHODOLOGICAL CONCERNS
IN APPLYING PHYLOGENETIC METHODS TO
CoMMUNITY EVOLUTION

Methodological uncertainties

The major drawback in applying phylogenetic meth-
ods to community ecology is the need for a robust
phylogenetic hypothesis for lineages within commu-
nities. For many lineages, no phylogeny is available.
Those that are available are often not strongly sup-
ported—the publication of new phylogenetic studies
will often cause a reassessment of conclusions based
on outdated phylogenies. For example, studies of the
evolution of body size in Anolis of the northern Lesser
Antilles based on a recent phylogenetic analysis indi-
cate that character displacement is consistent with only
one of several equally plausible scenarios (C. Schnei-
der, J. B. Losos, and K. de Queiroz, unpublished manu-
script). Further, although a number of methods are
available to interpret evolutionary patterns based on a
phylogeny (reviewed in Maddison and Maddison 1992,
Swofford and Maddison 1992, Maddison 1994, Losos
and Miles 1994), all methods require that assumptions
be made about how evolutionary change occurs (e.g.,
gradual, punctuational, etc.); only rarely are data avail-
able to evaluate such assumptions.

FiG. 3.

-

Phylogenetic perspective on community structure. Cladograms illustrate the evolutionary relationships of the

component species in food webs of several communities. Black bars indicate the point at which an association of species
(i.e., a community) originated. Open bars indicate changes in ecology. (a) Communities composed of the same three lineages
occur in three areas. Association of the three lineages predates any of the extant communities. Ecological interactions among
the lineages are the same in all three communities. The three lineages may have once occurred in a community spanning
North America; subsequent vicariant events led to speciation in each of the lineages and the formation of three ecologically
identical communities. Studies focusing on why the California predator, for example, eats the particular California prey
species (as opposed to another prey species not shown) should not focus on unique conditions in California. (b) Establishment
of a new food web structure (=a new association of species, hence the black bar) in Florida. The parasite lineage does not
occur with the other three lineages in California or Virginia, but has colonized the community in Florida, creating a new
association of species. No interspecific shifts in ecology result from this colonization. (c) In situ speciation and ecological
shift. The predator lineage in California speciated, adding another member to the community and creating a new association
of species. In addition, the new species exhibits an ecological shift to omnivory, as indicated by the open bar. (d) Establishment
of a new association causing alterations in patterns of ecological interactions. Another lineage of predators colonized the
ancestral Virginia + Florida communities. Interactions between the predators may have caused a shift in diet in both the
resident and colonizing bigger predator lineages. Investigation of this hypothesis should focus on the ancestral Virgin-
ia + Florida community.
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FiG. 4. Temporal component of phylogenetic reconstruc-
tions for in situ community evolution. Most phylogenies do
not contain information on the temporal ordering of events.
Consequently, different processes may produce identical phy-
logenetic patterns. The ancestor of a monophyletic lineage is
medium sized and lives on tree trunks. (a) Diversification
occurs first by divergence in body size; only subsequently do
taxa specialize for different microhabitats. (b) The reverse
ordering occurs. Diversification proceeds first by habitat spe-
(cialization and subsequently by shifts in body size. Without
information on the timing of speciation events, (a) and (b)
cannot be distinguished.

As a result of the inherent uncertainties in phylo-
genetic relationships and inferences about evolutionary
change based on these relationships, results of such
studies must be treated cautiously. Consequently, the
most prudent course will be to not focus solely on the
“best’” tree and a single model of evolution. Rather,
many or all plausible trees should be examined, each
with a variety of different models of evolutionary
change (Harvey and Pagel 1991, Martins 1993, 1996,
Losos 1994). Consistent results in all analyses will pro-
vide confidence in the results, whereas inconsistent re-
sults will emphasize the importance of recovering the
correct phylogeny and mode of evolutionary change.

The problems just outlined pertain to attempts to
reconstruct historical patterns of any sort using phy-
logenetic information. In addition, applications of such
methods to studies of community evolution have
unique difficulties. Most studies of community evo-
lution will be interested in the temporal sequence of
events. Unfortunately, most phylogenies do not provide
information on divergence dates. Consequently, be-
cause most communities are composed of members of
many different lineages, determining the ordering of
events across lineages may prove difficult. For exam-
ple, consider the four-species community illustrated in
Fig. 4. Depending on the ordering of the speciation
events among the lineages, one might suggest very dif-
ferent scenarios for community development.

This problem is compounded when some members
of lineages occur in other areas. In such cases, one
must infer not only the absolute timing of events, but
also whether and when dispersal events occurred, be-
cause events occurring in other areas may not be rel-
evant to the structure of the communities under study
(Fig. 5). Methods developed in vicariant biogeography
may prove useful (e.g., Brooks and McLennan, 1991,
1993), but these methods have the same problems as
other phylogenetic methods: they rely on specific evo-
lutionary models and only provide information on the
relative ordering of events associated with divergence,
rather than informing about the timing of evolutionary
events. In some cases, however, molecular phyloge-
netic data may prove useful in providing the necessary
temporal context (reviewed in Cunningham and Collins
1994).

Can comparative studies of community
structure be conducted without
phylogenetic information?

I have argued that ignoring the historical information
provided by a phylogenetic perspective can lead to mis-
taken conclusions regarding both the evolutionary gen-
esis and current maintenance of community structure.

a
North American Lineage Cuban Lineage

Medium-»Small

Large -»Medium
Colonize
Cuba

Time

North American Lineage Cuban Lineage

Colonize

Cuba Medium-Small
g Large -»Medium
£
FiGc. 5. Temporal component for phylogenetic reconstruc-

tions when a community is colonized by a new lineage. An
extant community in Cuba contains three members of one
lineage and one member of a second lineage that colonized
from North America. (a) If the colonization event occurred
prior to diversification in the Cuban lineage, then the presence
of the larger species may have been responsible for the evo-
lution of smaller size in the Cuban lineage. (b) Alternatively,
if the colonization event was relatively recent, then the pres-
ence of a large species was not responsible for the evolution
of small size. Again, these scenarios would not be distin-
guishable if one had only phylogenetic information without
data on the temporal ordering of events.
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Nonetheless, there are situations in which one can get
by with minimal phylogenetic information.

Schluter (1986a, Schluter and Ricklefs 1993) has
proposed a method to study whether communities in
similar habitats are convergent in structure. In essence,
the method works as follows: one collects data on the
structure of communities (e.g., species number, mean
nearest neighbor distance, etc.) in two or more conti-
nents or other large geographic areas. Within each con-
tinent, communities in several different habitat types
(e.g., grassland, forest) are included. One then asks to
what extent variation in community structure is ex-
plained by habitat type relative to the variation ex-
plained by continent and by the interaction of continent
X habitat. To the extent that habitat type explains a
significant portion of the variance, then the hypothesis
that communities converge in structure in similar hab-
itats is supported. Using this method, Schluter and
Ricklefs (1993) found that convergence in diversity is
common in bird, plant, and lizatd communities (see
also Pearson and Juliano 1993).

This method is implicitly phylogenetic in that it as-

_sumes that particular species are more closely related
to species in other habitats on the same continent than
they are to species in the same habitat on other con-
tinents. If this assumption is correct, then a similarity
between species in the same habitat on different con-
tinents would be indicative of convergent evolution.
Thus, minimally, one must know that occupants of one
continent are monophyletic relative to taxa on other
continents. This requirement is exactly the opposite of
that in the method of Brooks and McLennan (1991,
1993), in which lineages must be shared among com-
munities.

Monophyly vs. guild membership as the
criterion for inclusion in studies of
community structure

Recent years have seen widespread acceptance of the
premise that comparative evolutionary studies must be
conducted on monophyletic taxa—studies using para-
phyletic (or polyphyletic) groups are likely to come to
mistaken conclusions due to the omission of taxa (e.g.,
Cracraft 1981, Brooks and McLennan 1991, Wiley et
al. 1991). Nonetheless, monophyly is not always the
appropriate criterion for comparative studies of com-
munity structure. Rather, the most important criterion
in ecological studies is that the taxa included be those
likely to interact; such taxa need not be closely related.
For example, members of a guild (sensu Terborgh and
Robinson 1986) often come from very distinct lineages
(e.g., Davidson et al. 1985, Schluter 1986b), whereas
members of the same lineage may be so ecologically
different that one would rarely consider including them

together in studies of community structure (e.g., studies
of mammal community ecology often exclude bats).

However, potentially the worst solution in deciding
which taxa to include in community studies is to use
Linnean taxonomy. Members of the same Linnean cat-
egory often neither compose a monophyletic group nor
are members of the same guild; thus, such groupings
have neither ecological nor evolutionary relevance. For
example, studies of lizard community ecology com-
monly include lizard taxa that have experienced limb
loss or reduction. However, such studies rarely include
snakes. Yet, snakes evolved from lizards (Estes et al.
1988); they are simply the most extreme of the 12 or
more lineages of lizards that have experienced evolu-
tionary limb loss (Edwards 1985). Further, some legless
lizards are ecologically more similar to snakes than
they are to other lizards (e.g., Patchell and Shine 1986).
Thus, there is no justification for including most lin-
eages of legless lizards in studies of lizard community
ecology, but excluding one because it has been given
its own Linnean category.

INTEGRATING EXPERIMENTAL AND
HISTORICAL APPROACHES TO
CoMMUNITY ECOLOGY

Comparative studies have been revolutionized in the
decade since Felsenstein’s (1985) seminal paper. Phy-
logenetic approaches are now commonly used in com-
parative studies to test hypotheses (Miles and Dunham
1993). Now, the time has arrived for comparative bi-
ology to come full circle. Not only are phylogenetic
approaches useful for testing hypotheses, but they may
also serve as the source of hypotheses, which then can
be tested using extant taxa and communities (e.g.,
Lauder 1989, Futuyma and McCafferty 1990, Mc-
Lennan 1991).

For example, historical studies may suggest that cer-
tain processes (e.g., predation, competition) may have
played an important role in community evolution. Stud-
ies on extant taxa could then test predictions stemming
from such an hypothesis. Tests might include experi-
mental investigation of whether the process is impor-
tant in extant communities. If these manipulations
could be maintained over sufficient periods of time,
they might also test the prediction that the ecological
consequences of the process would lead to microevo-
lutionary change in the predicted direction.

For example, Gorman (1993) predicted that taxa that
had a longer history of co-occurrence, as evidenced by
phylogenetic analysis, would be less likely to experi-
ence competitive effects on habitat use than species
that had more recently come into sympatry. Laboratory
and field analyses confirmed this prediction. In a sim-
ilar manner, Farrell and Mitter (1993) found that Pe-
ruvian plant species in lineages characterized by traits
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that promote species diversification have higher pop-
ulation densities than species in nondiverse lineages.
Several studies currently are investigating whether in-
terspecific interactions lead to microevolutionary
change, as predicted by historical studies. None has
run long enough to demonstrate evolutionary change,
although Schluter (1994) has demonstrated that inter-
specific competition leads to selection favoring mor-
phological divergence of competitors.

Phylogenetic approaches thus should be seen as an
integral component of studies of the causal basis of
community structure. In some cases, of course, phy-
logeny will not be relevant. If, for example, one were
only interested in whether some process were currently
operative, then the phylogenetic relationships among
community members might not be important. But if
one is interested in comparing the structure of com-
munities or investigating how a community came to its
present state, then phylogenetic information is indis-
pensable for both generating and testing hypotheses.
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