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Abstract

Ecologists are increasingly adopting an evolutionary perspective, and in recent years, the
idea that closely related species are ecologically similar has become widespread. In this
regard, phylogenetic signal must be distinguished from phylogenetic niche conservatism.
Phylogenetic niche conservatism results when closely related species are more
ecologically similar that would be expected based on their phylogenetic relationships;
its occurrence suggests that some process is constraining divergence among closely
related species. In contrast, phylogenetic signal refers to the situation in which ecological
similarity between species is related to phylogenetic relatedness; this is the expected
outcome of Brownian motion divergence and thus is necessary, but not sufficient,
evidence for the existence of phylogenetic niche conservatism. Although many workers
consider phylogenetic niche conservatism to be common, a review of case studies
indicates that ecological and phylogenetic similarities often are not related. Consequently,
ecologists should not assume that phylogenetic niche conservatism exists, but rather
should empirically examine the extent to which it occurs.
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INTRODUCTION

...species of the same genus have usually, though by
no means invariably, some similarity in habits and

constitution...

assumption that closely related species tend to be
ecologically similar.

The relationship between phylogenetic relatedness and
ecological similatity among species has been investigated
using two approaches. The first is to quantify phylogenetic
(Darwin 1859, p. 76)

signal', which is the ‘tendency for related species to resemble
each other more than they resemble species drawn at random

In the last decade, ecologists increasingly have become
interested in the extent to which Darwin was correct that
closely related species tend to be ecologically similar. This
focus stems from a number of related interests. At the
broadest level, ecologists are interested in the evolutionary
tapestry of life: how has ecological diversification pro-
duced the biological diversity we see today? In a similar
vein, community ecologists now frequently compare the
degree of phylogenetic relatedness of community mem-
bers to that of species source pools to draw inferences
about the processes structuring communities. In addition,
the application of phylogenetic comparative methods to
statistical analyses of ecological data is predicated on the

from the [phylogenetic] tree’ (Blombetg & Gatland 2002,
p. 905). Phylogenetic signal would result if characters evolve
in 2 Brownian motion-like manner, in which the amount of
change in any given interval is generally small and random in
direction; such a pattern of evolution could ensue either from
genetic drift or from natural selection that randomly
fluctuated through time in direction and magnitude. Conse-
quently, in this scenario, a relationship would be expected

TAlso termed ‘phylogenctic effect” (Derrickson & Ricklefs 1988). “Phylo-
genetic inertia’ is sometimes also used to mean the same thing, but this term
has a long and twisted history in which it has taken a variety of different
meanings to different workers (reviewed in Blomberg & Gatland 2002).
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between the degree of phylogenetic relatedness, quantified as
the time since divergence between pairs of species, and the
degree of phenotypic similarity between them; the less the
amount of time since two species shared a common ancestor
(i.e. the more closely related the two species), the less the
expected phenotypic difference between them (Blomberg &
Garland 2002).

The second approach to understanding the trelationship
between ecological and phylogenetic similarities revolves
around the idea of ‘phylogenetic niche conservatism’ (PNC).
In contrast to explanations for phylogenetic signal, the
existence of PNC suggests that some factor is causing closely
related species to be more similar ecologically than would be
expected by simple Brownian motion descent with modifi-
cation” (for discussion of methods to quantify phylogenetic
signal and their relevance to PNC, see Freckleton e a/ 2002;
Blomberg ez al. 2003; Revell ez al. in press).

Phylogenetic signal and PNC have received increasing
attention by ecologists”. In a 2002 Annual Review of Ecology and
Systematics, Webb et al. (2002, p. 487) stated that ‘phylogenetic
analysis reveals that many (possibly the majority of) lineages
studied show evidence for conservatism of dominant
ecological charactet’. Three years later in another Annual
Review of Ecology and Systematics article entitled, ‘Niche
conservatism: integrating evolution, ecology, and conserva-
tion biology’, Wiens & Graham (2005, pp. 521-522) stated
‘Species will always inhabit environments that bear some
similarity to those of their close relatives...Thus, to some
extent, niches will always be conserved. Yet few sister species
may share identical niches; so niches may never be perfectly
conserved either’.

Many recent studies, however, have taken the more
extreme view that phylogenetic signal in ecological characters
is widespread and pervasive, and thus constitute the @ priori
expectation when ecological variation within a clade is
examined in a phylogenetic context (e.g. Duncan & Williams
2002; Anderson e al. 2004; Peres-Neto 2004; Mouillot ¢z al.
2006; Swenson ez al. 2006; Johnson & Stinchcombe 2007).
Nonetheless, I believe that the universality of ecological
phylogenetic signal and PNC has been overstated. The goal of
this paper is to clarify the distinction between phylogenetic

Some workers use ‘niche conservatism’ and ‘phylogenetic signal’ inter-
changeably (e.g. Swenson ef al. 2007). Because of this ambiguity, Pearman
et al. (2008) recommended that the term ‘niche conservatism’ not be used at
all. However, Harvey & Pagel’s (1991) original use of the term ‘phylogenetic
niche conservatism’, and its treatment in an authoritative recent review
(Wiens & Graham 2005), make clear the important distinction between
them: phylogenetic signal is a relationship between ecological and
phylogenetic similarities, whereas PNC is the phenomenon that closely
related species are more similar ecologically than expected based on
phylogenetic relationships.

A search for ‘phylogenetic niche conservatism’ on Google Scholar will
reveal that nearly half of all scientific articles using this term were published
after 2005.
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signal and PNC and to examine evidence for the claims that
they are ubiquitous. To do so, I must first explicitly define
PNC and discuss how it can be quantified. I will then conclude
by assessing the implications of this review for understanding
the evolution of ecological patterns and processes.

WHAT IS PNC?

Harvey & Pagel (1991) did not actually define PNC, but what
they wrote suggested that it occurred for two reasons. First,
in the course of species proliferation, unused ecological
space may be filled by members of the most ecologically
similar species, which then diverge to become a distinct
species. As a result, a tendency would exist for ecologically
similar species to be closely related. This scenario has been
elaborated by Price (1997) and Harvey & Rambaut (2000).

Second, once the environment is fully occupied, the
presence of sympatric species, better adapted to using other
aspects of the environment, may prevent a species, or its
descendants, from departing from its ancestral niche (see
also Lotd ef al. 1995; Patterson & Givnish 2002). Habitat
selection, in which members of a species prefer to remain in
that part of the environment to which they are best adapted,
reinforces this stabilizing selection (Ackerly 2003).

Wiens & Graham (2005, p. 519) took a broader view,
defining PNC as ‘the tendency of species to retain ancestral
ecological charactetistic’, and citing four causes: stabilizing
selection; gene flow that prevents populations from adapt-
ing to new niches; genetic constraints due to pleiotropy that
prevent adaptation to new niches and lack of appropriate
genetic variation. This definition of niche conservatism is
more expansive in that it includes Harvey and Pagel’s ideas,
but adds three additional, non-adaptive explanations for
niche similarity among related species.

As discussed above, evolutionary change in a Brownian
motion-like manner, either under the guidance of genetic
drift or randomly fluctuating natural selection, will produce
phylogenetic signal (Revell ez a/. in press). Neither Harvey &
Pagel (1991) nor Wiens & Graham (2005) considered this
similarity to qualify as PNC. Rather, and as the term
‘conservatism’ implies, PNC refers to the phenomenon that
closely related species are mwre ecologically similar than
might be expected solely as a Brownian motion evolution.
In other words, one would expect related species to diverge
ecologically through time. PNC is the observation that
related species differ less ecologically than might be
expected if ecological diversification had occurred in an
unconstrained manner*,

*In Wiens and Graham’s definition of PNC quoted above, ‘retain’ should
probably be interpreted to mean that descendants diverge ecologically from
their ancestors less than would be expected if no deterministic processes

were affecting ecological evolution.
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HOW PREVALENT ARE PNC AND ECOLOGICAL
PHYLOGENETIC SIGNAL?

Several recent papers have mentioned that published studies
on environmental niche modelling do not consistently
detect phylogenetic signal, but these conclusions have been
based on relatively few studies (Knouft ez 2/ 2006; Webb
et al. 2006b; Pearman e a/. 2008). Here I review the studies
of which I am aware that have quantified a relationship
between phylogenetic relatedness and all kinds of ecological
similarity. Given that these studies encompass a huge range
of taxa, traits, and phylogenetic and analytical methods,
I agree with Pearman ef a/. (2008) that a formal meta-
analysis would be premature. I also mention a number of
studies that have presented qualitative evidence concerning
the existence of phylogenetic signal and PNC.

Although ‘niche’ is the middle word in PNC, most studies
have been more narrowly focused on particular ecological
variables. Wiens and Graham (2005, p. 521) ‘focus on niche
conservatism in a very restricted sense in that we emphasize
how conservatism in climatic tolerances limits geographic
ranges of species and clades’, whereas Webb ef a/ (2002,
p. 487) ‘...show evidence for consetvatism of dominant
ecological character’.

In this spirit, my discussion below will include studies that
measure any aspect of ecology (e.g. habitat type, diet)’.
However, I do not consider studies that use morphological
surrogates for ecology (e.g. Bohning-Gaese e al 2003;
Acketly et al. 2006; Kerkhoff et . 20006; Slingsby &
Verboom 2006; Swenson e al. 2007) because morphology
does not necessatily predict ecology, and most studies do
not investigate the relationship between the two [admittedly,
in some cases, the rationale for expecting a strong
ecomorphological relationship is strong (e.g. Swenson ef al.
2007), but 1 felt that deciding whether to include such
studies on a case-by-case basis would introduce too much
subjectivity]. 1 also do not include studies that are not
explicitly phylogenetic (e.g. nested analysis of variance
approaches, usually based on taxonomic ranks); such studies
show the same general pattern of mixed results as discussed
below.

Case studies

Two approaches have been taken to documenting PNC.
The first is the detection of old clades that show little
ecological variation among species. For example, all

I recognize that such characters may not necessarily reflect the ‘niche’ of a
species. No study to date has conducted a formal, comparative study of the
niche of a clade (Chase and Leibold, 2003), and hence discussion of PNC in
this sense of ‘niche’ is not possible. However, most of the studies I discuss
have measured ecological factors that are probably important components

of species’ niches.

actinopterygian fish are aquatic (Wiens & Graham 2005)
and many families of flowering plants are limited to the
tropics, without a single member that has been able to cross
into temperate areas (Ricklefs & Renner 1994); a variety of
other groups show similar tropical patterns (Wiens &
Donoghue 2004). Many other large and old clades exhibit
little variation in various ecological parameters [e.g. desmo-
gnathine salamanders (Kozak ef 2/ 2005); many chaparral
plants (Ackerly 2004)]. Similarly, data on fossils indicate that
clade members have sometimes occupied similar environ-
ments throughout the clades’ histoty, also suggesting PNC.
Examination of fossil Ginkgs, for example, indicates that
trees in this genus have utilized disturbed streamside and
levee environments since the late Cretaceous (Royer ef al.
2003). Certainly, such examples suggest that some non-
random process is at work to prevent niche expansion in
these groups; given their age, if evolutionary diversification
had been unconstrained, we would expect to see greater
ecological diversity.

Nonetheless, generalizing from a series of case studies
can be difficult, and many counterexamples exist. For
example, an aquatic lifestyle has repeatedly evolved within
tetrapods (Vermeij & Dudley 2000). Similarly, Silvertown
et al. (2000a) discussed many instances in which congeneric
plants differ substantially in aspects of habitat use. Among
angiosperms, temperate area trees have evolved repeatedly
from tropical ancestors (Ricklefs 2005), and among felids,
close relatives often differ greatly in climatic niche (based on
phylogeny in Johnson e al. 2000).

Statistical approaches

The second approach is statistical. Ecological data for
species are compared in a phylogenetic framework to
investigate whether a relationship exists between ecological
and phylogenetic similarities. In this regard, the distinction
between PNC and phylogenetic signal is important.
Phylogenetic signal indicates that a relationship exists
between the degree of phylogenetic relatedness and
phenotypic similarity; by contrast, documentation of
PNC requires demonstrating that phenotypic similarity of
closely related species is significantly greater than would be
expected based on phylogenetic relatedness (i.e. phyloge-
netic signal would have to be even greater than expected
to result from Brownian motion). Only a few studies have
investigated PNC in this way (e.g. Desdevises ef a/. 2002,
2003; Losos ef al. 2003), although new statistical methods
will facilitate additional investigation (Freckleton ez 4l
2002; Blomberg e al. 2003; see also Revell e al. in press).
Thus, documentation of phylogenetic signal is necessaty,
but not sufficient, to demonstrate PNC; conversely, lack of
phylogenetic signal is sufficient to indicate that PNC does
not occut.
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Phylogenetic signal has been detected in a number of
studies, including ecophysiological traits among European
plants (Prinzing e al. 2001), growth form and habitat use
among plant species in Costa Rican rainforests (Chazdon
et al. 2003), host use in fish parasites (Desdevises e/ 2/ 2002),
diet in non-snake squamates (Vitt & Pianka 2005), herbivore
identity among host plants (Weiblen ef a/. 20006), suscepti-
bility to fungal pathogens in Panamanian trees (Gilbert &
Webb 2007), ecological determinants of lake occupancy in
sunfish (Helmus ez 2/ 2007) and climatic niche among
neotropical hylid frogs (Wiens e# a/. 2006). In a particularly
novel and intriguing study, Webb e /. (2006a) showed that
seedling survival was negatively related to the degree of
phylogenetic similarity among nearby heterospecific plants,
presumably because of a relationship between phylogenetic
and ecological similarities (see also Swenson e 4/ 2007, who
show that the phylogenetic similarity of neighbouring trees
decreases with increasing plant size class).

Phylogenetic information can be used to assess niche
conservatism in another way. Peterson ef a/ (1999) com-
pared sister taxa separated by the Isthmus of Tehuantepec
and showed that the environmental niche for one species
usually was a statistically significant predictor of the
environmental niche of its sister taxon [see also Warner
et al. (in press) for a new approach to analysing these data].
Kozak & Wiens (2006) found a similar pattern among
montane salamanders in eastern North America (see also
Qian & Ricklefs 2004 on trees of eastern North America
and Asia).

On the other hand, lack of a relationship, or even a
negative relationship, between phylogenetic and ecological
similarity has been reported in a number of studies including
niche overlap and habitat use in Florida oaks (Cavender-
Bares ez al 2004) and English meadow plants (Silvertown
et al. 2006a,b); habitat use, activity time and prey size (using
body size as a proxy for the latter) in a community of Cuban
Abnolis lizards (Losos ez al. 2003); and environmental niche as
determined using Geographic Information System (GIS)
methods among dendrobatid frogs (Graham et al. 2004),
Apbhelocoma jays (Rice et al. 2003) and members of the Anolis
sagrei species group (Knouft ez al. 2000).

In still other cases, results are mixed. For example,

e Lindeman (2000) found patterns suggesting phyloge-
netic signal among five species of sympatric turtles,
although only one of four ecological vatiables, diet, was
actually significantly related to phylogenetic similarity at
the P = 0.05 level, and then for only one of two
phylogenetic hypotheses;

e Similarity in diet is related to phylogenetic similarity in
Amazonian lizards, but the relationship between
similarity in habitat use and phylogeny is not significant
(Vitt et al. 1999);
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e In an examination of 151 European birds, Bohning-
Gaese & Oberrath (1999) found a significant relation-
ship between phylogenetic similarity and similarity in
diet, but no relationship for 11 other behavioural and
ecological variables;

e Mouillot e /. (2006) found that the number of hosts,
but not their taxonomic identity, was conserved in
fleas, but the opposite pattern was detected for
helminth parasites;

e Treckleton ez al. (2002) reviewed phylogenetic signal in
26 studies. Most of the characters were potential
surrogates for ecological variation (e.g. morphological
and physiological characters, latitude); among variables
that directly measured aspects of ecology, many, but
not all, exhibited a relationship between ecological
similarity and phylogenetic relatedness. Some studies
showed variation among characters (e.g. a study of
lepidopterans found that ‘niche axis 17 was untrelated to
phylogeny, but ‘niche axis 2" was strongly phylogenet-
ically related).

Overall, these results do not support the idea that
phylogenetic signal, much less PNC, is ubiquitous. Rather, it
occurs in some clades for some traits, but not in others. This
conclusion is in accord with Pearman ef a/’s (2008) review
of niche stability and evolution, in which they argue that
there are many reasons to expect that niches may sometimes
exhibit great evolutionary lability. Consequently, researchers
should remain agnostic a priori and allow the data to inform
about patterns of ecological evolution within a clade.

IMPLICATIONS

The conclusion that phylogenetic signal cannot be assumed
for ecological characters has important implications in a
number of different respects. In all cases, the solution is
straightforward: researchers should collect the requisite
ecological data and investigate whether ecological similarity
among species is statistically associated with phylogenetic
relatedness.

Phylogenetic structure of communities

Ecologists are increasingly investigating the phylogenetic
structure of communities to examine whether co-occurring
species are more or less closely related to each other relative
to species in a regional source pool (Webb e a/. in press).
Interpretation of observed patterns is often predicated,
implicitly or explicitly, on the assumption of phylogenetic
signal (e.g. Swenson ¢f al 2006; Johnson & Stinchcombe
2007). For example, many studies have detected phylogenetic
overdispersion of co-occurring species (i.e. co-occurring
species being less phylogenetically related than expected by
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chance) and have attributed this phenomenon to competitive
exclusion of closely related sympatric species, with the
assumption that closely related species are ecologically
similar. This conclusion is usually suggested without any
data on the actual phylogenetic distribution of ecological
traits. As the discussion above indicates, an alternative
possibility is that closely related species are ecologically
divergent, and that environmental filtering [in which only
ecologically similar species can exist at a site (Webb ef a/.
2002)] is responsible for the presence of distantly related, but
ecologically similar, species within a community (Kraft e# a/.
2007). By the same token, phylogenetic clustering (i.e.
sympatric species being more closely related than expected
by chance) could result from environmental filtering and the
existence of phylogenetic signal, but also could result from
ecological divergence of closely related species facilitating
coexistence (Webb ez a/. 2002; but see Kraft ez a/. 2007). In
other words, interpretation of patterns of phylogenetic
composition of communities is not possible without actual
ecological data for the constituent species.

Phylogenetic comparative methods

Now de rgeur in any cross-species statistical analysis,
phylogenetic comparative methods are predicated on the
assumption that species do not represent statistically
independent points due to similarity resulting from shared
ancestry (Felsenstein 1985). If, however, this assumption
does not hold, one may question whether phylogenetic
comparative methods should still be used, given the possible
errors that could be introduced by mistaken inferences
concerning the phylogenetic topology or rates of character
evolution. In such cases, non-phylogenetic analyses, which
do not require assumptions about tree topology ot rates of
change, might be preferable (Gittleman & Luh 1994,
Bjorklund 1997; Losos 1999; but see Garland e# a/. 2005).

Of course, even if phylogenetic information were not
used in such analyses, it would not mean that phylogenetic
information is not important. Quite the contrary, only by
examining the ecological variation in a phylogenetic context
could one determine that no phylogenetic signal exists and
thus that phylogenetic comparative methods are unneces-
sary. Thus, regardless of the existence of phylogenetic signal,
phylogenetic information is critical for comparative statis-
tical analyses.

Environmental niche modelling of past and future species

The advent of environmental niche modelling has led
increasing numbers of workers to predict the distribution of
species either in the past or future. A critical assumption in
this enterprise is that environmental niches are stable
through time so that the distribution of a species retro- or

prospectively can be predicted based on its niche require-
ments today. One line of evidence often put forward to
support this assumption is the existence of PNC (reviewed
in Pearman et al. 2008); however, as I have reviewed, PNC is
not ubiquitous, and thus its existence cannot be taken as
justification for this assumption.

Evolutionary history of a clade

The evolutionary scenarios that would produce PNC are
very different from those that would produce an absence of
phylogenetic signal. A number of different processes
discussed earlier could lead to closely related species being
more ecologically similar than expected based on phyloge-
netic similarity. For example, a scenario in which niche
space is progressively filled, providing little opportunity for
newly arisen species to diverge greatly would produce such
an outcome (Price 1997). More generally, any time the rate
of evolutionaty divergence was greater eatly in a clade’s
history than later on would lead to a phylogeny in which
closely related species are more ecologically similar than
would be predicted based on their phylogenetic relation-
ships (Revell ez al in press). Conversely, convergent
evolution is the antithesis of phylogenetic signal. Any
situation that promotes convergent evolution among extant
species is likely to lead to little or no phylogenetic signal.

DO ECOLOGICAL CHARACTERS DISPLAY LESS
PHYLOGENETIC SIGNAL THAN OTHER TYPES OF
CHARACTERS?

A number of factors could account for the low phylogenetic
signal in ecological characters compared to morphological or
physiological characters (Freckleton ef a/. 2002; Blomberg
et al. 2003). First, many ecological characters exhibit consid-
erable temporal and geographical variation; estimates based
on measurements taken from a single population at a single
point in time may introduce considerable error into cross-
species comparative studies [a similar explanation has been
put forth to explain low phylogenetic signal in behavioural
characters (Gittleman e a/. 1996; Blomberg e# al. 2003)].
Second, environmental factors do not necessatily covary;
phylogenetic signal for one ecological feature does not imply
signal for other features. Thus, lack of phylogenetic signal
for one character does not mean that a clade does not
exhibit phylogenetic signal for some other environmental
feature, as several of the studies cited above illustrate

(e.g. Vitt et al. 1999).

SAMPLING, SCALE AND PHYLOGENETIC SIGNAL

The phylogenetic signal of a subset of species may differ
from the signal for the more inclusive group. In some cases,
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such as the species that occur within a community when
compared to all of the species within a region or a clade, the
difference in signal may tell us something about the
ecological and evolutionary processes that regulate commu-
nity composition. In other cases, however, sampling may
reflect the constraints and methods of a particular study; as a
result, differences in signal between the sample and the
more inclusive group may be misleading. Sampling may be
an issue in a variety of ways: community vs. clade
perspectives, degree of phylogenetic inclusiveness and bias
due to incomplete sampling of species. I discuss each in
turn.

Community vs. clade perspective

Some ecological studies are limited to species from a single
community (e.g. Lindeman 2000; Losos ez a/. 2003; Silver-
town ¢f al. 2006a,b). These studies often show little or no
phylogenetic signal. For example, in English meadows
‘coexisting [plant] congenets are often as ecologically
different from each other as they are from unrelated
members of the same communities’ (Silvertown e/ a/. 2006a,
p- S45). By contrast, studies that include a regional pool of
species or that sample a clade without regard to area of
occurrence detect phylogenetic signal more frequently (e.g.
Cavender-Bares ¢z a/. 20006).

Several different scenarios could produce a situation in
which species in local communities do not exhibit phylo-
genetic signal. First, if closely related species within a
regional species pool are ecologically similar, and if a limit to
ecological similarity exists, then competitive exclusion
would lead to only distantly related species being able to
coexist. This ‘phylogenetic overdispersion” (Webb ¢ a/.
2002) would diminish or eliminate PNC within the
community, even if it characterizes the clade as a whole
(Acketly et al. 2006; Kraft et al. 2007).

Second, closely related species may diverge ecologically in
sympatry to minimize resource ovetlap. This divergence
would decrease the ecological similarity of closely related
species, thus diminishing or eliminating phylogenetic signal
within a community (Silvertown e# a/. 2006b), even if it still
exists among the species in the broader and more diverse
regional pool.

Finally, third, throughout a region, closely related species
may diverge in some ecological aspect (e.g. temperature
tolerance) to adapt to different parts of the environment,
and this divergence may be repeated across many clades,
producing suites of distantly related species convergently
adapted to the same ecological conditions. If only species
with certain ecological attributes (e.g. heat tolerance) can
occur in a given community, then communities may be
phylogenetically overdispersed and exhibit no phylogenetic
signal (Kraft efa/. 2007). Note that in the first two
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processes, phylogenetic signal might exist for the clade as
a whole, even if it does not occur among the species within a
community. By contrast, in the third scenatio, phylogenetic
signal likely would not exist either for species within a
community, nor for the entire clade.

The only study to explicitly examine these ideas focused
on Floridian oaks (Cavender-Bares ez al. 2004). Closely
related oaks species are dissimilar ecologically and tend not
to co-occur. Distantly related species that do co-occur are
those that have convergently evolved physiological adapta-
tions to the same environmental conditions. This example
thus illustrates the third scenario above.

Phylogenetic scale

Cavender-Bares ef a/. (2000) suggested that the degree of
phylogenetic signal within a community is a function of
phylogenetic scale (i.e. how phylogenetically inclusive a
study is); although it may not be evident in particular clades
(e.g. oaks), signal may be revealed if the phylogenetic scale
of a study is greatly expanded (e.g. to all angiosperms). The
data support this claim for Floridian communities (although
physiological and motphological characters were used as
indirect measures of ecology). However, the lack of
phylogenetic signal in English meadows, calculated using
all angiosperms (Silvertown ez a/. 2006b), indicates that the
universality of this suggestion remains to be tested.

Similarly, when considering entire clades, rather than just
communities, phylogenetic scale may be an issue. In many
cases, the greater the phylogenetic scale of a study, the
stronger the phylogenetic signal may be (Cavender-Bares
et al. 20006), although few quantitative data are available. On
the other hand, on some occasions, a greater phylogenetic
scale may decrease evidence of PNC if between-clade
convergence has occurred. For example, to the extent that
the classic story of marsupial-placental convergence is
correct (e.g. Springer ef al. 1997), the relationship between
ecological and phylogenetic similarity may be greater within
the placental and marsupial clades than in the more inclusive
clade that contains both.

A related issue concerns the recent trend towards dividing
what was formerly a single widespread series into many,
usually geographically non-overlapping, species on the basis
of molecular data. The resulting increase in species-level
diversity is a two-edged sword with regard to the estimation
of phylogenetic signal. On the one hand, if many currently
recognized species actually constitute complexes of closely
related but distinct species, then failure to recognize this
species level diversity may underestimate the true phyloge-
netic signal of a clade. Conversely, to the extent that
overzealous splitting may lead to a profusion of ecologically
similar species-level taxa, then estimates of phylogenetic
signal may be increased and may come to primarily reflect
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patterns of geographic variation. Of course, this issue boils
down to the perennial dispute about what constitutes a
species.

Biases due to the particular species included in a study

In cases in which ecological phylogenetic signal exists, a plot
of phylogenetic relatedness vs. ecological similarity among
all pairs of species often is triangular in shape: closely related
species are ecologically similar, but distantly related species
exhibit great variation in the degree of ecological resem-
blance (e.g. Bohning-Gaese ef al. 2003; Davis 2005). As a
result, studies that non-randomly sample to avoid including
closely related species — a sampling strategy that would make
sense to avoid the problems of phylogenetic signal on
statistical analysis — will underestimate the phylogenetic
signal in the group as a whole.

The significance of this bias depends on the goal of a
study. If the intent is to investigate phylogenetic signal, then
sampling should be random and ideally as complete as
possible to produce an accurate and unbiased estimate.
Alternatively, for many purposes, the phylogenetic signal of
the sample may be more relevant than the signal of the
group from which it is drawn. For example, with reference
to the effect of phylogenetic signal on statistical analyses
(discussed above), the relevant concern is the sample under
study.

ISLAND VS. MAINLAND

A number of workers (e.g. Webb ef a/. 2002; Edwards &
Donoghue 2006) have suggested that lack of phylogenetic
signal may be primarily an island phenomenon because
insular settings are renowned for their adaptive radiations
(e.g. Carlquist 1974), which, because of their high rates of
evolutionary diversification eartly in their history and near
simultaneous cladogenesis (Simpson 1953; Schluter 2000),
may exhibit low phylogenetic signal (Harvey & Pagel 1991).
Certainly, some examples, such as Caribbean Anolis lizards
(Losos et al. 2003; Knouft e al 20006), support this
contention. However, a number of the cases of lack of
PNC cited above are not obviously from adaptively
radiating clades, and most are not from island taxa.

PNC: PATTERN OR PROCESS

Wiens & Graham (2005, p. 519) ‘refer to niche consetvatism
as a process, although it may be caused by more than one
factor at the population level (a feature it shares with other
evolutionary processes, such as speciation and anagenesis)’.
I do not agree. PNC is a historical pattern of evolution; it is
a description of what happened, but it is not a statement
about how it happened. The possible underlying causes of

PNC discussed by Wiens & Graham (2005) and Harvey &
Pagel (1991) — e.g. lack of genetic variation, stabilizing
selection, patterns of niche-filling, gene flow — are funda-
mentally different. Thus, to state that members of a clade
failed to adapt to some aspect of the environment because
of PNC is not a mechanistically informative statement and
risks fostering the impression that we actually know why
this failure to evolve occurred®. Rather, PNC is a statement
of historical pattern manifest on a phylogeny; its detection
invites investigation as to its causes, and the works cited
above suggest the possible causes requiring study. A nice
example of this sort of approach is Wiens’ (2004a,b)
discussion of the role of PNC in allopattic speciation.

CONCLUSIONS

Wiens & Graham (2005) argued that it is no longer fruitful
to argue about whether PNC occurs; rather, the field needs
to move on to discuss the outcomes of PNC when it does
occur. I certainly agree that this is an important issue well
worth further investigation. Nonetheless, I also believe that
further research into the extent and occurrence of PNC, and
phylogenetic signal mote generally, is still needed. Many
authors take the viewpoint that phylogenetic signal is the
expected situation, and thus the null expectation for a given
study.

Knouft et al. (2006) concluded a review of studies
examining the evolution of environmental niches, as
determined by GIS approaches, by stating: ‘the balance
of evidence to date provides little consistent evidence that
environmental niches ate phylogenetically consetvative’.
My examination of the studies above leads me to broaden
this conclusion: the evidence at hand does not support the
idea that phylogenetic signal should be the expected
outcome of evolutionary diversification, particularly at the
relatively low phylogenetic levels and with the characters
and sampling regimes used by most studies in the field of
evolutionary ecology. Only direct examination of the
distribution of ecological characters on a phylogeny can
provide evidence one way or another for any particular
clade.
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“The same criticism can be levied against the term ‘phylogenetic constraint’,
which is often used in the literature as if it were an evolutionary
phenomenon on par with developmental, genetic or architectural con-
straints (Losos and Miles, 1994).
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