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Understanding the origin and maintenance of community composition through ecological and evolutionary time has 
been a central challenge in ecology. However little is known about how extinction may alter patterns of phylogenetic and 
phenotypic structure within communities. To address this, we used past and present primate communities in Madagascar 
as our model system to explore how a large extinction event within a taxon may alter evolutionary relationships 
and phenotypic distributions within communities. We also explored the influence of environment on the structure 
of present-day lemur communities. We found a phylogenetic pattern of overdispersion in both past and present-day 
communities. However, trait structures, including relative dispersion of body masses and trophic niches were altered 
following extinction. We posit that the overdispersed phylogenetic patterns have resulted from the unique ecological 
and evolutionary history of Madagascar’s primates including a rapid adaptive radiation in the presence of a broad 
niche-space available during colonization. Differences in trait structures between present and past primate communities 
may be reflective of the selective extinction process that eliminated the largest primates from the island. Habitat also 
appeared to influence the structure of present-day lemur communities. Lower divergence in patterns of phylogeny, 
body mass and activity rhythms were found in dry relative to wet habitats. This may be due to potential advantages 
of being small and nocturnal in environments with low productivity and hot dry climates. We suggest current studies 
exploring community processes should consider potential effects of past extinction events. Such work is important for 
understanding community assembly, coexistence, and mechanisms driving extinctions, particularly given the current 
extinction crisis facing ecosystems globally.

Ecologists have long sought to understand the origin and 
maintenance of community composition through ecologi-
cal and evolutionary time (Darwin 1859, Elton 1946). The 
interactions between species in a given community and 
between species and their environment may be important 
drivers in the process of community assembly (Darwin 
1859) and may result in patterns or signatures of phenotypic 
and phylogenetic similarities (Webb et al. 2002, Ingram and 
Shurin 2009). Since phenotypic trait similarities are often 
strongly correlated with phylogenetic relatedness, incor-
porating phylogeny has recently gained great interest for 
analyzing community assembly, along with ecological and 
historical factors (Webb et al. 2002, Sargent and Ackerly 
2008, Graham et al. 2009).

There are three main mechanisms often discussed in 
recent studies as potential drivers of patterns of community 
assembly. Darwin (1859) considered that 1) competition 
and 2) environmental filtering may result in contrasting pat-
terns of community assembly, and more recently, research-
ers have considered the potential importance of 3) random 
processes (Connor and Simberloff 1979, Hubbell 2001). 
If competition is a driving factor, closely related species 
are expected to be unable to coexist because of their high 

ecological similarity which may lead them to compete too 
strongly for resources (Cardillo et al. 2008, Cooper et al. 
2008, Cavender-Bares et al. 2009). This situation would 
favour a community with a higher level of trait-state diver-
sity and phylogenetic separation than one would expect by a 
random assemblage (overdispersion, Fox 1987, 1999, Webb 
et al. 2002). The opposite pattern is expected in the case of 
environmental filtering, under which habitat characteristics 
select for species that share certain adaptive traits allowing 
them to persist in that environment. This situation is thus 
expected to result in a lower trait state diversity and less phy-
logenetic separation than expected by random assemblage 
(under-dispersion or clustering, Webb et al. 2002). When 
chance processes such as dispersal drive assembly (Hubbell 
2001) or multiple factors oppose and nullify each other, 
communities will resemble a random assemblage in both 
phenotypic and phylogenetic distribution.

Evolutionary and colonization history may also be 
important. For example, the niche width available to a cer-
tain taxa group relative to their diversity may also affect the 
level of divergence of traits (Roughgarden 1974) and there-
fore phylogenetic distance within a community. In addition, 
monophyletic lineages that have undergone rapid adaptive 
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radiation in a region are expected to display phenotypic and 
phylogenetic overdispersion (Cavender-Bares et al. 2006).

Primate communities have recently been used to test 
community assembly rules as a model taxon (Cooper et al. 
2008, Kamilar 2009, Kamilar and Guidi 2010, Beaudrot 
and Marshall 2011) since comprehensive global data on 
community composition and species ranges of this taxon are 
better known than any other vertebrate taxon. Primates show 
a general pattern of random assemblage (Kamilar and Guidi 
2010) that appears to be mostly driven by dispersal (Beaudrot 
and Marshall 2011) consistent with the neutral theory of 
community assembly (Hubbell 2001). However, primate 
communities in Madagascar (comprised of endemic lemurs) 
are unique in showing strong patterns of phylogenetic over-
dispersion (Kamilar and Guidi 2010) and niche differentia-
tion (Beaudrot and Marshall 2011). It has been suggested by 
several authors (Richard and Dewar 1991, Ganzhorn 1997, 
Burney et al. 2004, Kamilar and Guidi 2010) that the cur-
rent pattern of lemur community structure may be strongly 
influenced by the recent stepwise cascade of extinctions 
involving numerous primates after human arrival two mil-
lennia ago (Burney et al. 2004). Extinct taxa include many 
sympatric congeners which held similar traits such as large 
body size and folivorous diets. Thus, the loss of these species 
has been proposed as a potential driver of the current pattern 
of overdispersion and niche differentiation within commu-
nities not found in other land masses, where recent extinc-
tions of similar magnitude have not occurred (Kamilar and 
Guidi 2010). Madagascar’s primates are also on the verge of 
a new extinction event, with a majority of species currently 
threatened from habitat destruction, hunting and/or climate 
change (Randrianandianina et al. 2003, Dunham et al. 2008, 
2011). Thus understanding how extinction might alter com-
munity structure is particularly relevant for this region.

Madagascar’s primates also differ from other primates in 
their evolutionary history. Lemurs underwent rapid diversifi-
cation from a single common ancestor on an island that was 
missing the high diversity of mammalian and avian fauna 
that compete with primates elsewhere (Yoder and Yang 2004, 
Karanth et al. 2005). This wide niche space and rapid diver-
sification could also explain the divergent phenotypic and 
phylogenetic structures of present-day lemur communities.

Another potentially important factor for community for-
mation that might lead to variation in patterns of community 
structure across Madagascar is environment. Lemurs inhabit 
a vast array of environments from montane rainforest to spiny 
desert habitat. Frequent droughts, high temperatures, high 
elevations and certain habitat types may constrain commu-
nity membership. Thus lemur communities may be useful for 
examining the potential impacts of habitat filtering on both 
phenotypic and phylogenetic structure of communities.

Our goals were to look at how extinction may have 
altered patterns of Malagasy primate assemblages, and to 
explore possible effects of environmental filtering related to 
rainfall, temperature, habitat type and elevation on phylo-
genetic- and trait-structure of Madagascar’s present-day pri-
mate communities. We approached this goal by examining 
the associations between phylogenetic assemblages and trait 
similarities within present-day and Holocene lemur commu-
nities in forest regions across Madagascar. We also explored 
associations of habitat characteristics with phylogenetic  

distance and trait similarity measures in present-day com-
munities. We predicted that if large-scale extinction has 
resulted in the divergent structural patterns of lemur com-
munities then the present-day assemblages will show higher 
overdispersion in phylogeny and divergence of traits than 
past communities. Overdispersion in both past and present 
communities would be predictive of other mechanisms such 
as the evolutionary history of lemurs on Madagascar. We 
also predicted that environmental filtering will be stronger 
in areas with lower rainfall, higher temperatures, or higher 
elevation such that communities in these habitats will dis-
play less divergent traits and less overdispersed phylogenies.

Methods

Community composition

The present-day lemur communities in our study were 
determined by compiling a database of lemur species  
presence/absence in 44 protected areas of Madagascar  
(Fig. 1, Supplementary material Appendix 1). We define a 
community as the occurrence of more than one primate spe-
cies living sympatrically in one geographical location (Reed 
and Bidner 2004, Kamilar and Guidi 2010). Communities 
with three or less species were excluded from the analysis 
to avoid misinterpreting the large number of ties between 
observed and null communities (Webb et al. 2008).

Our Holocene communities were adopted from Godfrey 
et al. (1997a) and Godfrey and Jungers (2002) and addi-
tional communities were reconstructed from the literature 
based on the distribution of subfossil lemur species in 18 
localities (Wunderlich et al. 1996, Godfrey et al. 1997a, b, 
Godfrey and Jungers 2003, Gommery et al. 2004). Subfossil 
sites of Holocene communities were matched to correspond-
ing sites of present day communities by selecting protected 
areas nearest the subfossil sites and  100 km away. We did 
this by georeferencing the subfossil location map in Godfrey 
et al. (1997b) onto a map of modern forest cover using 
ArcGIS 10.0. Composition of the Holocene communities 
in our study (Supplementary material Appendix 1) included 
all subfossil and extant (some locally extinct) lemur species 
found in Madagascar’s rich subfossil record (Ganzhorn 1997, 
Godfrey et al. 1997a, 1999). While we assumed this method 
was robust, it is not flawless and we recognize the uncer-
tainty in reconstructing any past community. Thus, results 
involving community reconstructions always require some 
careful interpretation, although we expect general patterns 
to be upheld.

Phylogeny construction

The phylogeny used in this study included 68 extant and 16 
extinct lemur species and was constructed using as a template 
the phylogenetic tree of primate taxa published by Horvath 
et al. (Horvath et al. 2008) which contained 24 extant lemur 
species. A supertree inferred from the template and other 
phylogenetic trees (Del Pero et al. 1995, 2006, Montagnon 
et al. 2000, 2001, Pastorini et al. 2001, 2002, Roos et al. 
2004, Karanth et al. 2005, Horvath and Willard 2007, 
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Orlando et al. 2008, Catlett et al. 2010) was created with 
‘bladJ’ method in Phylocom ver. 4.1 (Webb et al. 2008). 
These two trees were used to reconstruct a more complete 
phylogenetic tree using ‘comnode’ procedure in Phylocom 
ver. 4.1 (Webb et al. 2008). We used Mesquite ver. 2.72 
(Maddison and Maddison 2002–2009) to create the Nexus 
file of the phylogeny and for visual representation (Fig. 2).

Community phylogenetic structure

For each community, we measured the standardized effect 
size of phylogenetic community structure by calculating 
two phylogenetic metrics using Phylocom ver. 4.1 (Webb 
et al. 2008): net relatedness index (NRI) and nearest taxon 
index (NTI) (Webb et al. 2002). NRI measures the mean 

Figure 1. Distribution of the Malagasy primate communities in this study.
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phylogenetic distance (MPD) between all species pairs in a 
community (MPDsample) relative to the mean phylogenetic 
distance of all taxa in a null community (MPDrndsample),  

Figure 2. Phylogenetic tree of Malagasy primates reconstructed from Horvath et al. (2008). Scale used: million years.

standardized by the standard deviation of phylogenetic  
distances in the null communities, sd(MPDrndsample). It is  
calculated as follows:
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considered omnivores (Ganzhorn 1997). The diet categories 
assigned to extinct species were based on features such  
as dental crown morphology, cranial architecture, dental  
development and electron scanning microwear and through 
analogy to nearest extant relatives (Godfrey et al. 1997a).

For community patterns of body mass, we calculated the 
mean pairwise trait distance among taxa (MPTD) within 
each community. This represents the mean difference of the 
trait value between all species pairs within a community. We 
also calculated the mean nearest trait distance (MNTD), 
which represents the mean difference of the trait value 
between each species within a community. High values indi-
cate limiting similarity (Weiher and Keddy 1995, Schamp 
et al. 2010) and smaller values indicate trait convergence 
(Grime 2006, Schamp et al. 2010).

For diet and activity rhythm we measured the richness 
(number of types) and evenness (a measure of the relative 
abundance of types, where dominance leads to lower even-
ness scores) of the traits represented within each community 
sample, and tested it against that expected in corresponding 
null communities (described previously). A richness and or 
evenness higher than expected by chance suggests evidence of 
limiting similarity and lower values than expected by chance 
indicate that some categories may be favoured over others 
within a certain habitat (Schamp et al. 2010). Evenness was 
calculated as follows (Pielou 1974):

J́ ΣPi Pi
S

log

log

where S is the richness of the trait in the sample and pi the 
proportion of each trait-category in the sample.

We used the standardized effect size (SES) of the trait  
indices (MPTD, MNTD, Richness, and Evenness) to look  
for patterns of trait dispersion in the communities. 
SES  (Isample 2 Inull)/sdnull, where Isample is the observed index, 
Inull is the mean of the randomized community and sdnull 
is its standard deviation (Gotelli and Ellison 2002, Ernst 
and Rödel 2006). Standardizing the effect size is essential 
because it removes the bias effect of sample size and therefore 
even with different sample size the effects can be compara-
ble (Rosenthal 1994, Jennions and Moller 2003, Nakagawa 
2004). Significant difference from zero would indicate an 
overall tendency toward clustering (negative values) or higher 
dispersion/evenness (positive values) of traits relative to the 
pattern expected by chance (Ingram and Shurin 2009).

Effects of habitat characteristics

We collected data on environmental features including 
maximum elevation, habitat type (dry vs wet), minimum 
rainfall and mean and maximum temperature for the 44 
protected areas where the communities in our study were 
located (Supplementary material Appendix 3). We chose 
these variables because they are often associated with physi-
ological tolerances or resource availability and thus have 
potential to constrain community composition though envi-
ronmental filtering. We tested for differences in species rich-
ness between wet vs dry habitat types to ensure similar levels 
of diversity and found no significant difference (F  1.47, 

NRI
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sd MPDsample
sample rndsample

rndsample
2 

2
1

( )

NTI is based on the mean nearest phylogenetic neighbour 
distance (MNND), and is used to determine if the most 
closely related species in a community are more related than 
expected by chance alone. It is calculated in the same way as 
NRI by replacing MPD by MNND as follows:
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sd MNNDsample
sample rndsample

rndsample
2 

2
1

MNND
( )

Negative values of these metrics indicate that closely related 
taxa co-occur less than expected by chance, positive values 
indicate that they co-occur more often than expected by 
chance, and values near zero indicate a random assemblage 
of nearest neighbours. NRI and NTI are complementary 
in explaining the overall pattern of community structure. 
While a deep level of conservatism will give high values of 
NRI and NTI, clustering primarily at the terminal branches 
in the phylogeny will result in a higher NTI relative to NRI 
(Webb et al. 2002). We used t-tests and Wilcoxon signed-
rank (for non-normal distributions) to determine whether 
the mean of the distribution across communities for NTI 
and NRI differed from zero demonstrating a general trend 
towards either clustering or overdispersion.

Null communities were generated by maintaining the 
number of species within each community but randomizing 
the identity of occurring species in each sample (Webb et al. 
2008). For each null community, species were drawn with-
out replacement from a pool of all species on the island for 
a total of 9999 randomizations. Separate species pools were 
used for present-day and Holocene communities. The num-
ber of species in each community and the number of com-
munities inhabited by each species was the same in real and 
null communities. The advantage of maintaining species’ 
frequencies across communities is that it makes our tests less 
sensitive to interspecific differences that might make some 
species more common across sites including dispersal and 
colonization ability (Stone et al. 2000); the disadvantage is 
that it is less sensitive to the effects of competitive ability that 
might also affect species commonness across sites (Brown  
et al. 2002).

Trait structure of communities

We collected, from the literature, trait characteristics, which 
were thought to be potentially important for competition 
among lemurs including mean body mass, diet, and activity 
rhythm (Supplementary material Appendix 2). Lemur taxa 
are generally sexually monomorphic in body mass (Dunham 
and Rudolf 2009), thus body mass was representative of 
both sexes within species. Activity rhythm was classified 
into three classes: diurnal, nocturnal and cathemeral; and 
diet into five classes: folivore, frugivore, insectivore, gummi-
vore and omnivore (Godfrey et al. 2004, Mittermeier et al. 
2006). Extant species were assigned a particular diet category 
if the diet contained  50% of such items; if species con-
sumed multiple resources with no resource  50% they were 



52

and among all species pairs community (SES-MPTD) (Table 
2). However, within the Holocene communities, there was 
more divergence of body mass for closest species pairs rela-
tive to that expected by chance (Table 2).

Diet was found to be more evenly distributed (lack of 
dominant or rare diets) among present-day lemur commu-
nities than expected by chance, and dietary diversity was 
higher in the present-day communities than expected by 
chance (Table 2). However, for the Holocene communities, 
diet was randomly distributed and there were no more or less 
diet types than expected by chance (Table 2).

Lemur activity rhythms were found to be more evenly 
distributed among the present-day lemur communities than 
a random assemblage but richness of activity rhythms did 
not differ from random (Table 2). The same patterns were 
observed for the Holocene communities (Table 2).

Habitat characteristics and community structure

Patterns of phylogenetic relatedness for present-day taxa 
did not differ according to major habitat categorization 
(wet forest vs dry forest), elevation or temperature vari-
ables (Table 1). NRI decreased in association with higher 
minimum rainfall suggesting more overdispersion in wet-
ter habitats but NTI was not associated with rainfall levels 
(Table 1).

None of the environmental variables (rainfall, elevation, 
temperature) was associated with divergence patterns of 
body mass among lemur communities (Table 2). However, 
taxa in drier habitats were more similar to each other than 
were those in wet habitats (Table 2). Results indicated that 
diet structures of the present-day communities were not 
affected by the environmental variables or habitat type 
(Table 2).

Outcomes of associations between activity rhythm dis-
tributions and habitat characteristics of communities were 
varied. We found no association between the standardized 
effect size (SES) of richness of activity rhythm and mini-
mum rainfall or maximum elevation of the area (Table 2). 
However there was a significant relationship between the 
SES of richness of activity rhythm and major habitat type 
(Table 2) with the wet habitat being richer than dry. The 
SES values of richness account for the differing sample sizes 
between communities, avoiding potential sampling effects.

DF  43, p  0.23). These data were then used to test for 
associated patterns of phylogenetic and trait structure of the 
present-day communities relative to habitat features using 
least-square linear regression analyses. These analyses were 
not done with the Holocene communities because of pos-
sible recent changes to these habitat features.

Results

Phylogenetic structure of communities

Supporting previous studies on primates (Kamilar 2009, 
Kamilar and Guidi 2010), a majority of present-day lemur 
communities in our study displayed phylogenetic overdis-
persion, indicating that individuals were more distantly 
related than expected by chance. This pattern however was 
only observed at the tips of the phylogenies as demonstrated 
through the nearest taxon index (NTI) (Table 1). We found 
that 72.7% of present-day communities displayed a nega-
tive NTI, indicating phylogenetic overdispersion of near-
est neighbors. Similar overdispersion patterns were not 
observed with the net relatedness index (NRI) which looks 
at phylogenetic distance of all species pairs in the commu-
nity (Table 1).

The Holocene communities demonstrated a similar 
pattern with phylogenetic overdispersion at the tips of the 
phylogeny (NTI: Table 1), with 72.2% of communities 
demonstrating negative NTI values. Like the present-day 
communities, this pattern of overdispersion within com-
munities did not hold when distance patterns were exam-
ined across the whole phylogeny of the communities (NRI:  
Table 1). There was no significant difference in either mea-
sure of phylogenetic distance pattern when the Holocene 
communities were compared to their corresponding present-
day communities (Table 1) indicating that extinction has  
not significantly altered phylogenetic structure of these  
communities.

Trait structure of communities

Body mass distribution of present-day lemurs across commu-
nities was not different than expected by chance for measures 
between pairs matched by nearest trait values (SES-MNTD) 

Table 1. Overall distribution pattern (from zero value) of the measures of phylogenetic structure across past and present-day lemur communi-
ties, and least-square linear regression analyses of the associated patterns of phylogenetic structure of the present-day communities relative 
to habitat features (SR: Wilcoxon signed-rank values, min: minimum, max: maximum, rain: rainfall, temp: temperature; significance is rep-
resented by an asterisk and bold).

NRI NTI

Communities
 holocene t  0.853, DF  17, p  0.609 SR  257.5, DF  17, p  0.010*

 present-day SR  2143.0, DF  43, p  0.096 SR  2309.0, DF  43 p  0.001*

 holocene vs present-day Z  20.11330, DF  1, p  0.910 t  21.341, DF  29.67, p  0.190
Environmental variables
 min rain R2  0.108, DF  42, p  0.031* R2  0.027, DF  42, p  0.291
 max elev R2  0.001, DF  42, p  0.997 R2  0.045, DF  42, p  0.174
 mean temp R2  0.007, DF  43, p  0.585 R2  0.030, DF  43, p  0.262
 max temp R2  0.001, DF  43, p  0.878 R2  0.017, DF  43, p  0.403
 habitat type t  21.905, DF  42, p  0.064 t  20.882, DF  42, p  0.383
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of lemurs during the late Holocene altered the current over-
all phylogenetic structure of lemur communities, we did find 
changes in patterns of traits within communities.

Community phylogenetic structure

Our results suggest that the extinction of many lemur spe-
cies in Madagascar did not seem to alter the phylogenetic 
structure of lemur communities overall. The majority of 
both present-day and Holocene communities were found to 
be phylogenetically overdispersed assemblages with species 
more distantly related than expected by chance. The extinc-
tion of large species thus does not seem to be responsible 
for the difference in phylogenetic structure of the Malagasy 
primate assemblages.

We suggest that the pattern of phylogenetic dispersion 
in Madagascar may instead be a result of the ecological and 
evolutionary history of lemurs on the island. Lemurs diversi-
fied from a single common ancestor that colonized the island 
from Africa in the early Tertiary period (Yoder and Yang 
2004, Karanth et al. 2005). On an island with a relatively 
depauperate mammalian and avian community to compete 
with, they then underwent rapid adaptive radiation and 
diversified into a taxon with a remarkable diversity of mor-
phologies and life histories. For a monophyletic lineage with 
a broad niche width available allowing for rapid adaptive 
radiation, it is expected that competition will result in a high 
level of trait divergence (Roughgarden 1974) and communi-
ties may become more phenotypically and phylogenetically 
more divergent than expected by chance (Cavender-Bares 
et al. 2006) as found in the lemur communities. In Africa, 
Asia and the Neotropics, competition appears to have played 
less of a role in structuring primate communities and disper-
sal appears to be more important (Beaudrot and Marshall 
2011). However, substantial competition with other verte-
brates during their diversification may mask strong effects 

Discussion

Extinction resulting from human activities has altered spe-
cies assemblages in many ecosystems, affecting both diversity 
and phylogenetic structure of communities (Winter et al. 
2009, Turvey and Fritz 2011). However generally, very little 
is known about how large-scale extinctions are likely to affect 
trait structures or the patterns of evolutionary relationships 
within communities. Large extinction events are often not 
random, and tend to affect specialized endemic or rare spe-
cies, often from species-poor families with life history traits 
that tend to respond to environmental change (Sechrest et al.  
2002). Global mammalian assemblages show a phyloge-
netic and phenotypic clustering in both past extinctions  
and current extinction risks, including Madagascar’s fauna 
(Turvey and Fritz 2011).

Large body mass is associated with high extinction 
risk especially in the tropical regions (Fritz et al. 2009). 
Depending on how these species are distributed across and 
within communities will determine how they might alter 
phylogenetic and phenotypic structure. Madagascar experi-
enced a large scale extinction of megafauna that occurred 
from the late Holocene to as recently as 500 yr ago (Karanth 
et al. 2005) and is among the island that has the highest 
Holocene mammal extinctions (Turvey and Fritz 2011).  
It has been suggested that these extinctions may be the rea-
son for the current overdispersion in phylogenetic relation-
ships and higher levels of niche differentiation found in 
communities of lemurs relative to other primate assemblages 
(Richard and Dewar 1991, Ganzhorn 1997, Burney et al. 
2004, Kamilar and Guidi 2010).

Using data from the literature on community composi-
tions of primates in Madagascar during the Holocene, and in 
present-day communities, we tested the prediction that past 
extinction events resulted in present-day communities with 
lower phylogenetic relatedness and higher trait divergence 
than past assemblages. While we did not find that extinctions 

Table 2. Distribution pattern of the measures of trait structure within past and present-day lemur communities (min: minimum, max: maxi-
mum, rain: rainfall, temp: temperature; bold and asterisk represent significant values, subscript represent degree of freedom).

Body mass Diet Activity rhythm

SESMNTD SESMPTD SES_evenness SES_richness SES_evenness SES_richness

holocene t13  4.92
p  0.001*

T13  0.11
p  0.911

t17  0.19
p  0.848

t17  1.80
p  0.091

t17  8.25
p  0.001*

t17  21.66
p  0.115

present-day t38  20.47
p  0.630

t38  20.61
p  0.540

t43  5.82
p  0.001*

t43  2.75
p  0.009*

t43  4.92
p  0.001*

t43  21.63
p  0.111

min rain R2  0.002
DF  38

p  0.794

R2  0.088
DF  42

p  0.054

R2  0.001
DF  42

p  0.879

R2  0.038
DF  42

p  0.212

R2  0.025
DF  42

p  0.315

R2  0.043
DF  42

p  0.123
max elev. R2  0.002

DF  38
p  0.812

R2  0.002
DF  43

p  0.798

R2  0.035
DF  42

p  0.227

R2  0.021
DF  42

p  0.350

R2  0.003
DF  42

p  0.741

R2  0.036
DF  42

p  0.225
max temp R2  0.050

DF  39
p  0.165

R2  0.016
DF  43

p  0.409

R2  0.007
DF  43

p  0.596

R2  0.016
DF  43

p  0.416

R2  0.043
DF  43

p  0.177

R2  0.036
DF  43

p  0.411
mean temp R2  0.005

DF  39
p  0.669

R2  0.008
DF  43

p  0.570

R2  0.013
DF  43

p  0.215

R2  0.016
DF  43

p  0.409

R2  0.040
DF  43

p  0.700

R2  0.009
DF  43

p  0.542
habitat type t  21.57

DF  39
p  0.125

t  22.33
DF  42

p  0.025*

t  20.02
 DF  42

p  0.987

t  21.62
DF  42

p  0.112

t  21.34
DF  42

p  0.187

t  2.87
DF  42

p  0.006*
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there was less structuring of communities in the western dry 
habitats and their interpretation was consistent with ours in 
terms of environmental filtering.

Trait structures of the communities support this idea with 
the exception of diet. Activity rhythms and body masses were 
less divergent in dry habitats than in the wet habitats. Dry 
habitats in Madagascar tend to have smaller bodied lemurs, 
a possible adaptation to the lower environmental productiv-
ity in those habitats (Albrecht et al. 1990). They also tend 
to have a higher ratio of nocturnal species which may be a 
thermoregulatory and/or osmoregulatory adaptation to the 
hot, dry daytime of these climates.

Conclusions

Species extinction is a natural process as well as a growing con-
servation concern for biodiversity which is facing increasing 
anthropogenic pressures worldwide. However, studies of phy-
logenetic and phenotypic community structure have largely 
ignored the potential influence of past extinction events on 
present-day patterns (Winter et al. 2009). Such studies are 
useful for understanding the processes of assembly, coexis-
tence and speciation within communities (Cavender-Bares 
et al. 2009) but are also important for targeting conservation 
actions to preserve evolutionary history within communities 
(Purvis et al. 2005), and for helping us understand mecha-
nisms driving extinctions. Understanding how patterns of 
community structure are altered by extinction is of increas-
ing importance given the current extinction crisis faced by 
ecosystems globally (Avise et al. 2008), and especially in 
conservation ‘hotspots’ such as Madagascar (Myers et al. 
2000), which is also a model region of species diversification 
(Vences et al. 2009). Our results suggest that past extinc-
tion events in Madagascar have resulted in structural changes 
in phenotypic but not phylogenetic patterns of diversity  
in Madagascar based on comparisons of Holocene with  
present-day primate communities. Further research is needed 
to understand how current anthropogenic pressures includ-
ing climate change, deforestation or exotic species invasion 
may alter future patterns of phenotypic and phylogenetic 
diversity in Madagascar and elsewhere and how we might 
prevent such changes. Extinction is often tied to vulnerabili-
ties of specific life-history traits (often linked to phenotypic 
traits like body size) to natural and human-induced envi-
ronmental change (Sechrest et al. 2002). These traits in turn  
can be selected out of communities resulting in reduced diver-
sity and altered community structure. In Madagascar, many 
of the future extinctions could be prevented by expanding 
and maintaining existing protected areas and creating pro-
tected corridors to link remnant fragments and to encourage 
dispersal (Lehman 2006).
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of competition in structuring these communities because of 
the exclusion of non-primates from these studies (Beaudrot 
and Marshall 2011).

Trait structure of communities

Based on the lemur’s evolutionary history as described 
above, the trait structures of their communities might also 
be expected to show more divergent patterns relative to  
random. Among present-day communities, this prediction 
held for both diet and activity rhythm, but not for body 
mass which appeared random. However, when Holocene 
communities were examined, they showed greater diver-
gence in body mass than expected by chance. This was the  
opposite pattern to what was predicted by previous stud-
ies, but the same mechanism may hold (Richard and 
Dewar 1991, Ganzhorn 1997, Burney et al. 2004, Kamilar 
and Guidi 2010). The difference between present-day and 
Holocene communities may be due to selective pressures 
resulting in the extinction of the largest species of lemurs, 
which may have been a result of a combination of factors 
including human hunting, climatic changes, and habitat 
loss (Godfrey and Irwin 2007). Interestingly, the diet assem-
blage in the Holocene communities was random which dif-
fers from the divergent diet composition of the present-day 
communities. Since extinct species’ diets are reconstructions 
and not observations, we cannot rule out that uncertainty 
of diet may have influenced our results. However, if these 
reconstructions of general diet type are accurate, we spec-
ulate that the larger body size of the extinct species may  
have allowed these frugivores and folivores to exploit  
different niches within their guild (larger fruits, or lower 
quality forage afforded by larger body size), thus reducing 
competition and allowing coexistence. Present day lemurs 
fall within a much smaller range of body sizes for which 
competition may be more intense and coexistence may be 
more likely among species in more divergent diet categories.

Habitat characteristics and community structure

Although previous work by Kamilar and Muldoon (2010) 
showed no relationship between climatic niches (includ-
ing temperature and rainfall) with phylogenetic distance in 
lemurs, our results suggest environmental factors may play 
a role in the phylogenetic structuring of communities. We 
found that lemur phylogenetic structure was not affected by 
elevation or temperature variables; however, we noted more 
overdispersion of communities in areas with higher mini-
mum rainfalls and in the eastern rainforest habitats than in 
the dry western habitats. It is possible that the dry condi-
tions and lower productivity associated with the dry habi-
tats (Ganzhorn et al. 1997) act as a filter such that more 
specialization may be required for inhabiting these environ-
ments thus reducing the role of competition in structuring 
communities in these regions. While Kamilar (2009) found 
no difference in phylogenetic structuring between these two 
regions (with a smaller sample size of communities), a later 
paper (Kamilar and Ledogar 2011) found that within guilds 
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