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INTRODUCTION

Neuhauser et al. (2003) and Whitham et al. (2003)
clearly demonstrate the powerful insights that can be
gained from examining the evolutionary process in an
ecological context by combining community ecology
and population genetics. These approaches show how
organism interactions can influence rates and direction
of evolution, and how genetic variation within popu-
lations can influence patterns of species abundance and
diversity within communities. In doing so, they provide
insights into microevolutionary processes in rapidly
evolving organisms and demonstrate the far-reaching
consequences of intraspecific genetic variation for
community structure. This merging of ecology and ge-
netics invites an even larger view, that of integrating
both micro- and macroevolutionary processes in com-
munity ecology.

The incorporation of phylogenetic analysis in com-
munity ecology (e.g., Brooks and McLennan 1991,
Ricklefs and Schluter 1993, Losos 1996, McPeek and
Miller 1996; reviewed by Webb et al. 2002) has arisen
parallel to the emergence of community genetics. Just
as the development of quantitative and population ge-
netic techniques for examining evolutionary change
within populations has made community genetics pos-
sible, so has the development of modern phylogenetic
and comparative methods allowed advances in phylo-
genetic community ecology. These parallel advances
alow, for the first time, a synthetic ecological per-
spective that incorporates an understanding of both the
micro- and macroevolutionary processes that influence
community structure.

Ecological communities are assemblages of co-oc-
curring species that potentially interact with one an-
other. They are the result of not only present ecological
processes, but also past and continuing evolutionary
processes (McPeek and Miller 1996). Even the agri-
cultural communities studied by Neuhauser et al.
(2003) reflect the evolutionary history and continuing
evolution of their constituent organisms. The genetic
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and phenotypic outcomes of these evolutionary pro-
cesses have far-reaching consequences for the ecolog-
ical interactions of species, asillustrated in rich detail
by Whitham et al. (2003) and Neuhauser et al. (2003).
While community genetics allows examination of how
present-day genetic variation influences community
dynamics, incorporating a phylogenetic perspective
into community ecology allows investigation of the
historical processes that influence these dynamics. Phy-
logenetic information reveals the extent to which or-
ganisms have a shared evolutionary history, and it can
help us to understand the genetic and phenotypic prop-
erties of species. It can also provide information about
the relative timing of historical events. This broader
perspective allows us to ask where the collection of
species we see coexisting today comes from (Manos
and Donoghue 2001), why these species have the phe-
notypic properties they possess (Schluter 2000), and
why other types of species are not present (McPeek
and Miller 1996). In this essay, we illustrate how phy-
logenetic information can be combined with commu-
nity genetics to address several kinds of questions.

DISTINGUISHING ADAPTIVE EVOLUTION FROM
LINEAGE SORTING

How tightly interconnected are species within com-
munities (“‘ecological locking,” sensu Jablonski and
Sepkoski [1996])? Are ecological characters in com-
munity assemblages the result of adaptive evolution,
coevolution, or the sorting of preadapted lineages?—
Species living together in communities vary in the de-
gree to which they influence one another. At one end
of the spectrum, coexisting species may exert strong
enough selection on each other that one species’ impact
may lead to speciation of the affected species even
before postmating genetic isolating mechanisms are
present in the second, affected species (Wade 2001).
Whitham et al. (2003) describe, for example, how in-
teractions between moths and different genotypes of
pinyon pine with contrasting chemical composition re-
inforce the maintenance of genetic variation in pinyon
pine. Through these interactions, apparently small ge-
netic changes can lead to a cascade of plastic morpho-
logical changes (sensu West-Eberhard 1989) that affect
other community members. This patchy selection for
different genotypes may ultimately result in the spe-
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ciation of pinyon pine (see Sultan 1995), depending on
the spatial distribution and strength of different selec-
tion pressures (McPeek 1996).

At the other end of the spectrum, species may simply
be ‘‘co-present” (Bazzaz 1996), and while coexisting
in a predictable fashion, they may not influence one
another in an evolutionary or selective sense. Coevo-
lution only occurs when species’ interactions result in
reciprocal genetic change. Species that do not currently
show a measurabl e influence on one another may none-
theless have done so in the past. Such historical inter-
actions may be elucidated by a broader view that in-
corporates both an analysis of genetic variation within
and among populations and phylogenetic and ecolog-
ical information about related species in other com-
munities (Losos et al. 1998).

Perhaps the most famous example of the importance
of considering a phylogenetic perspective when inter-
preting species interactions across communities is that
of the Anolislizardsin the Lesser Antilles (summarized
in Losos 1996). Throughout the Lesser Antilles, wher-
ever two species of Anolis lizards coexist on an island,
there is one large and one small species; lizard species
that live alone on islands are of intermediate size. Re-
cent analyses have shown that this common pattern is
actually the result of two different processes. In the
northern islands, the large and small species appear to
have evolved in situ and are the result of character
displacement resulting from sympatric evolution. How-
ever, in the southern islands the large and small species
have not experienced predictable directional selection
following introduction. Instead, it appears that ecolog-
ical sorting has occurred such that only species with
significantly divergent morphologies were able to co-
colonize successfully. In the absence of phylogenetic
information, it would be impossible to distinguish be-
tween the two different causes for the same pattern.

Using a phylogenetic approach, Janz and Nylin
(1998) reanalyzed Ehrlich and Raven's (1964) classic
hypothesis of stepwise escape and radiation between
butterflies and their host plants. By incorporating phy-
logenetic and fossil evidence, they were able to show
that butterfly diversification postdated the diversifica-
tion of their plant hosts, making the hypothesis of re-
ciprocal diversification unlikely. Their inclusion of the
relative timing of diversification in phylogenetic anal-
yses of these lineages enabled them to hypothesize that
butterfly evolution is linked to colonization of new
plant lineages rather than to cospeciation.

While community genetics approaches can reveal
possible mechanisms by which organism interactions
might lead to speciation and how genetic variation
within species can influence community composition,
phylogenetic approaches have the potential to discern
the mechanisms by which past organism interactions
or environmental changes have influenced current di-
versity or current community assemblages. Combined,
the two approaches are likely to offer a more synthetic
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view of community evolution and to increase our abil-
ity to predict the future of communities.

INTRINSIC FEATURES OF LINEAGES

What role do intrinsic and idiosyncratic features of
lineages play in influencing diversity and other com-
munity features? Are some communities more diverse
because they include lineages that are inherently more
likely to diversify or are less vulnerable to extinc-
tion?—Potential to diversify and susceptibility to ex-
tinction might be related to intrinsic features, such as
population structure (Losos 1996), plasticity (e.g., Sul-
tan 1995, Schlichting, in press), or evolvability (Wag-
ner and Altenberg 1996), or alternatively, to differences
in the strengths of selection pressures in different pop-
ulations resulting from differences in organism inter-
actions in those populations (McPeek 1996).

Insights about such intrinsic features of lineages us-
ing phylogenetic approaches may inform studies of cur-
rent evolutionary processes, such as those examined
by Neuhauser et al. (2003). For example, in exploring
rates of evolution of resistance of the European corn
borer (Ostrinia nubilalis) to Bt corn, we might gain
perspective by knowing something about rates of di-
versification in the corn borer lineage in comparison
to rates in other butterfly lineages and in other corn
pest lineages. Janz et al. (2001) observed that poly-
phagous butterfly lineages are more speciose than those
that specialize for particular plant host lineages. This
led them to postulate that expansion of insect ranges
to other hosts, possibly through evolved resistance to
new secondary compounds (e.g., Zangerl and Beren-
baum 1993), may be linked to diversification. Infor-
mation about whether the European corn borer and as-
sociated pests are found within polyphagous or spe-
cialized lineages may allow us to predict whether these
organisms have the evolutionary potential to escalate
resistance rapidly to a new toxin.

Similarly, phylogenetic information could reveal
whether corn smut (Ustilago maydis) shows potential
for rapid evolution of increased virulence, based on
previous diversification rates. How host specificiscorn
smut, and did it arise within a diverse lineage? In other
words, is the evolutionary ‘‘ cold spot” that Neuhauser
et al. (2003) hypothesize characteristic of the lineage,
or is this a unique pattern found only in relation to
anthropogenic systems?

While community genetics emphasizes intraspecific
genetic variation of interacting organisms, the pheno-
typic variation in traits of organismsin response to the
environment (plasticity or polyphenism) is also likely
to influence ecological and microevolutionary pro-
cesses (e.g., Sultan 1995). Whitham et al. (2003) point
out the importance of genotype X environment inter-
actions in their examples of the polyphenism in pinyon
pine that results from moth attack and the decreased
resistance of willows to herbivores after fertilization.
There is a growing recognition that plasticity may be
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Box 1. Anillustration of how trait evolution can influence the phylogenetic structure of communities

A hypothetical scenario (shown in Fig. 1) illustrates the potential of phylogenetic analysis for understanding com-
munity assembly of three major community types (forests, swamps, savannas) present in a given geographic region
(~100 km?). In the case of phylogenetic attraction (Fig. 1A, top left diagram), closely related species occur together,
presumably because they share traits important for environmental filtering (Webb 2000). In the case of phylogenetic
repulsion (top right), closely related species occur in different communities, possibly as a result of either current or
past competition, so that individual communities contain distantly related species. Researchers can identify these
patterns by examining correlations of phylogenetic distances between species pairs (using branch length distances)
and their co-occurrence (how often they are found together in communities; Fig. 1A, bottom left and right panels).

These contrasting patterns of attraction and repulsion can be explained, in part, by an examination of the evolutionary
convergence and conservatism of phenotypic traits (and habitat factors) among these species. The correlation between
trait value similarity (or difference) and phylogenetic distance is one method for quantifying trait conservatism (Bohn-
ing-Gaese and Oberrath 1999; see also Ackerly and Donoghue 1998). Fig. 1B shows the correlation coefficients for
the relationship between trait similarity and phylogenetic distance as well as between trait similarity and co-occurrence,
in left and right panels, respectively, for several traits. In the left panel, those with a positive r value are convergent
(labile); those with a negative r value are conserved. Data are nonparametric and null models are generally required
for significance testing (see, e.g., Ackerly 1999). In the right panel, those traits that show a positive correlation with
co-occurrence may be important for environmental filtering (phenotypic attraction; Webb et al. 2002), and those that
show a negative correlation may be important for competitive exclusion or other processes that hinder co-occurrence
(phenotypic repulsion; Webb et al. 2002).

Rooting depth of plants, which in this hypothetical example is conserved (Fig. 1B, left panel), may influence
community structure and lead to phylogenetic repulsion by forcing species with similar rooting depth (closely related
species) to occupy different habitats. Species with contrasting rooting depths (distantly related species) would be
complementary and able to coexist (Parrish and Bazzaz 1976). Similarly, resistance to disease may also influence
community structure. If disease resistance were highly conserved, as in the example presented here, then one could
hypothesize that the co-occurrence of closely related species leads to increased density-dependent mortality (Janzen-
Connell hypothesis [Janzen 1970, Connell 1971]) beyond the level of the species to higher phylogenetic levels. The
interspersion of susceptible and nonsusceptible species (distantly related species) might decrease density-dependent
mortality and thereby contribute to a pattern of phylogenetic repulsion.

In contrast, traits such as fire and desiccation tolerance which are convergent in this example (Fig. 1B, left panel),
appear to be important for environmental filtering, because species that co-occur have similar trait values (right panel).
Although trait conservatism may be the result of morphological or architectural constraints or the maintenance of
ecological niches within lineages, these scenarios do not explain why closely related species have contrasting envi-
ronmental tolerances, as suggested by the high level of convergence in desiccation and fire resistance, etc. Parallel
adaptive radiation, in which character displacement causes differentiation and specialization for contrasting habitats
and, ultimately, speciation across multiple lineages, could generate such a pattern. In ‘‘closed’” systems, such as on
undisturbed islands, where all species present are likely to have evolved together and all extant members of the lineage
are present, this is a safe interpretation (for caveats, see Schluter [2000], Webb et al. [2002]). Most communities are
likely to be a composite of species that have interacted over evolutionary time scales as well as newcomer species
(Losos 1996). In these cases, it is important to have information about phenotypic traits of other members of the
lineage not present in the regional species pool, and about whether these species have occurred together over evo-
lutionary time scales. Fossil data can begin to provide evidence about which species have interacted in the past and
for how long (Jablonski and Sepkoski 1996). These kinds of analyses should give us insight into the evolutionary
processes and mechanisms involved in the assembly of communities and offer perspective on the current ecological
dynamics and microevolutionary processes occurring within them.

m
i
=
<
ul
L
4
<
O
m
0L
D]

positively linked to speciation and diversity of lineages
(West-Eberhard 1989, Janz et al. 2001, Schlichting, in
press), although the underlying mechanisms for this
are unclear (see Agrawal 2001). Plasticity may lead to
diversification of lineages through ecological means if
species that exhibit high levels of plasticity are more
likely to experience vicariance events dueto their broad
distribution. Alternately, the coincidence of plasticity
and lineage diversity may be attributabl e to the ephem-
eral nature of highly specialized taxa, due to either
intrinsic factors (high extinction rate) or to atrend to-
ward niche expansion with lineage age (Kelley and
Farrell 1998). Phylogenetic analyses that consider both
the transition from generalist to specialist (such as
those in Kelley and Farrell 1998) and the historical

distribution of species may help to distinguish between
these causes. On the other hand, plasticity may provide
an alternative to speciation, because plastic individuals
can successfully colonize awide range of habitat types,
and genetic differentiation of populations or formation
of ecotypes in different habitats may not be necessary
(Sultan 1995, Sultan and Spencer 2002).

Both the tendency to diversify and susceptibility to
extinction may play arole in one of the most spectac-
ular radiations ever documented in the animal kingdom.
Farrell (1998) explored diversification within two of
the currently most speciose families in the world, the
phytophagous weevils (Curculionidae) and leaf beetles
(Chrysomelidae). Both families contain members that
feed on both gymnosperms and angiosperms, and both
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Fic. 1. (A) Alternative scenarios for the phylogenetic structure of communities. (B) Metrics to examine convergence and
conservatism in trait evolution (left panel) and to identify traits that may be important in the assembly of communities (right

panel).

families were in existence before the putative appear-
ance and rise of angiosperms. Every group in each of
these two families that switched from feeding on gym-
nosperms to angiosperms underwent a pronounced ra-
diation. Angiosperms tend to be heavily preyed upon
by herbivores, but they produce a great diversity of
defensive compounds that may allow them to escape
temporarily from their specialized herbivores. Given
that beetles are markedly conservative in their asso-
ciations (Farrell 1998), those beetle lineages that had
historically fed on angiosperms were most likely to
track their escaping hosts successfully and speciate in
the process. Insect lineages show low extinction rates
(Labandeira and Sepkoski 1993), and this may also
contribute to the current extraordinary diversity of phy-
tophagous beetles. Thus both ecological consequences
of conserved phenotypes (preference for angiosperm
hosts and host specificity) and intrinsic properties of
beetle lineages (low extinction rates) have influenced

the current prevalence and distribution of phytopha-
gous beetles in communities worldwide.

Neuhauser et al. (2003) examine the effects of frag-
mentation in Midwestern prairies on persistence of pur-
ple cone flower (Echinacea angustifolia) populations
from two perspectives, which they distinguish as ge-
netic (number of self-incompatibility alleles, rate of
inbreeding) and ecological (dispersal of pollen and
seeds, influence of fire). They suggest that coneflower
can serve as a model species for many prairie natives
because of shared life history characteristics. Although
this may be true, distinct prairie lineages may have
intrinsic properties with respect to inbreeding-related
characters. Different taxa show different rates of evo-
lution and maintenance of self-incompatibility alleles
(Lawrence 2000); these differences can be related to
the type of incompatibility mechanism (e.g., sporo-
phytic vs. gametophytic), which is usually correlated
with taxonomic affiliation. An examination of these
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kinds of traits among the Asteraceae and other prairie
lineages may illuminate not only lineage-specific pa-
rameters for the Neuhauser et al. model, but also the
extent to which different species may be capable of
evolution in response to changing population structure.

TRAIT EVOLUTION AND ASSEMBLY RULES IN
STRUCTURING COMMUNITIES

Are there assembly rules in the structuring of com-
munities that are linked to the evolutionary history of
species? What insightsinto mechanismsthat allow mul-
tiple species to coexist within a community arise from
understanding trait evolution and the genetic under-
pinnings of trait expression?—The phenotypes of or-
ganisms determine how species interact and how they
relate to their environment. Whitham et al. (2003) em-
phasize the importance of variation in phenotypes re-
sulting from genetic variation within species and dem-
onstrate that these phenotypic differences influence the
way in which individuals of one species interact with
individuals of other species. Although they clearly
show that intraspecific genetic and phenotypic varia-
tion can impact community structure, variation across
species may be more important for community dynam-
ics. Moreover, if one of the central goals of community
geneticsisto understand community evolution, as Whi-
tham et al. (2003) and Neuhauser et al. (2003) indicate,
understanding past evolutionary processes at multiple
phylogenetic scales is critical in providing a context
for current evolutionary processes.

For example, knowledge about the phylogenetic
structure of communities (Webb 2000) and the evo-
lution of phenotypic traits of co-occurring organisms
(and their relatives) can be used to determine (1) how
convergent or conserved phenotypes are through evo-
lutionary time (e.g., Ackerly and Donoghue 1998), and
(2) how important environmental filtering vs. compet-
itive interactions are in the assembly of communities
(Weiher et al. 1998). Such macroevolutionary ap-
proaches may reveal patterns of phylogenetic attraction
(Webb 2000) or repulsion (J. Cavender-Bares, D. D.
Ackerly, D. Baum, and F. A. Bazzaz, unpublished man-
uscript) among members of a community (see Box 1
and Fig. 1). When combined with analyses of trait con-
vergence and conservatism, such patterns can be used
to generate hypotheses about mechanisms of coexis-
tence (e.g., Wills et al. 1997) that can be tested using
experimental and modeling approaches. Meanwhile,
community genetics can provideinsight into the current
processes of niche differentiation and biotic interac-
tions that facilitate coexistence.

In his pioneering study on the phylogenetic structure
of rain forest communities in Borneo, Webb (2000)
found that tree species that were closely related oc-
curred together more often than expected (phylogenetic
attraction). He hypothesized that the conservation of
phenotypes within lineages caused phenotypically sim-
ilar species to occur in similar habitats via environ-
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mental filtering. In a related study on meadow com-
munities in Great Britain, Silvertown et al. (2001)
found that patterns of both attraction and repulsion
emerged, but at different phylogenetic scales. At the
broadest phylogenetic scale, eudicots and monocots
were found to occupy the same niches less often than
expected (phylogenetic attraction). Examination of
phenotypic traits and their conservatism or conver-
gence, as well as patterns of correlated trait evolution,
can reveal whether environmental filtering is indeed a
likely explanation for such a pattern, and which traits
are critical for environmental filtering (Ackerly 1999).
Are convergent traits the result of past competition and
differentiation? With sufficient information about spe-
cies within lineages and how long they have been to-
gether (see Webb et al. 2002), phylogenetic approaches
to community ecology allow us to make inferences
about the past evolutionary processes and traits that
influence the sorting and assemblage of species. This
information may improve our understanding of how
diversity is maintained within communities.

Finally, we can try to examine why particular traits
are conserved or convergent through evolution. There
are a number of possibilities, including the hypothesis
that traits that are controlled by fewer loci and are not
closely linked to other traits (either by genetic linkage
or pleiotropy) are likely to be less constrained and more
evolutionarily labile (e.g., Etterson and Shaw 2001).
In addition, the genetic structure of certain traits may
have greater evolvability (Wagner and Altenberg
1996). Important trait loci have been identified for an
increasing number of traits and taxa, as Whitham et al.
point out, allowing the study of both genetic behavior
and properties of traits, as well as their flexibility over
macroevolutionary time scales. If links can be found
between genetic structure, on the one hand (community
genetics), and the long-term evolution of traits on the
other (phylogenetic approaches), we can begin to pro-
vide microevolutionary explanations for macroevolu-
tionary processes that have consequences for com-
munity assembly of organisms and organism interac-
tions within communities. Such merging of community
genetics and phylogenetic approaches in ecology is
likely to bring new insights about how communities
evolve and to allow usto predict wherethey are headed.
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