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Understanding Primate Communities: Recent
Developments and Future Directions
JASON M. KAMILAR AND LYDIA BEAUDROT

In 1999, the edited volume Primate Communities presented several studies
that examined broad-scale patterns of primate diversity.1 Similar studies were
being conducted on nonprimate taxa; advances in data availability and statistical approaches were allowing scientists to investigate a variety of new questions
and to reexamine classical questions in novel ways. While such studies on nonprimate taxa have continued at a steady pace, they have only crept forward for
primate species (Fig. 1). In the intervening time, the field of macroecology
(Box 1) rapidly developed and has resulted in several books2–4 and the establishment of new research institutes. We suggest that examining primate communities, especially in a macroecological context, is an important line of
research for our field to embrace and an area where biological anthropologists
can provide major contributions. We review the current state of research,
describe new datasets and research tools, and suggest future research
directions.

Primates are a key to understanding ecological and biogeographic differences among
tropical forest
regions because they are commonly
found in these areas and are a major
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component of vertebrate biomass.5
The distribution of primates has been
well-studied because they are more
easily and accurately censused than
any other mammalian forest taxa due
to their typically diurnal activity patterns, relatively large bodies, and
noisy group-living behavior.6 Moreover, primates exhibit intra- and
interspecific variation in a range of
biological traits, which makes them
an excellent reference point for comparative studies that can inform principles of ecology and biogeography7–9
and provide insight into such areas
as the macroecology of body size,10,11
density,12 abundance,13 and geographic range size.14
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Early quantitative examinations of
broad-scale variation in primate
communities were published by
Kaye Reed and John Fleagle.15,16 For
the first time, these studies investigated drivers of primate species richness, including forest cover area and
mean annual rainfall, and used

multivariate techniques to compare
variation in the ecological niches primates occupy across regions. Two
studies expanded this research by
investigating the ecological consequences of potential primate extinctions17 and the connection between
plant productivity and primate species richness in the Neotropics.18
Similar
and
complementary
approaches to studying primate community ecology culminated in the
book, Primate Communities,1 which
remains a must-read for anyone
interested in primate community
ecology, macroecology, and biogeography. The edited volume begins
with a series of chapters describing
primate communities in Africa, Asia,
Madagascar, and the Neotropics in
terms of their species composition,
habitat use, biomass, and resources
used. The later sections provide several broad comparisons of primate
communities across regions. Major
findings include a consistently positive relationship between phylogenetic divergence and ecological
distance,
inverse
relationships
between both species richness and
biomass and population density and
biomass, an important influence of
phylogeny on primate social systems,
and correlations between primate
and mammalian species richness
across regions. Finally, several studies highlight the inescapable and
influential role of humans, particularly through hunting, on primate
communities around the world.
In 2004, Reed and Bidner19 systematically reviewed the existing
knowledge about primate communities. This included a review of the
effects of historical factors, climate
and habitat, plant productivity, food
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examined regional- and continentallevel patterns, such as spatial turnover in community composition (that
is, beta diversity) and the underlying
ecological and evolutionary processes
that drive these patterns, such as speciation and dispersal.27

Primate Communities at the
Local Scale

Figure 1. Cumulative macroecology publications over time (through August 2012). We performed key word searches using ISI Web of Science to examine the growth in macroecology research across taxa following the initial use of the term in 1995. Taxa were defined as
overall (“macroecology”), primates (“macroecology and primates”), mammals
(“macroecology and mammals not primates”), and birds (“macroecology and birds”).

resources and species interactions on
primate communities around the
globe. The review also provided
questions for future research, some
of which remain unanswered today.
For example, what has caused the
relatively low primate species richness in Asia? How will the loss of
predators affect primate communities? How effective are corridors for
maintaining primate metacommunities? Why do polyspecific associations occur in some regions and
some forests but not others? Other
questions highlighted by Reed and
Bidner have since received attention.
For example, they asked why is there
an abundance of folivorous primates
in Madagascar and a paucity of folivorous primates in the Neotropics?
Ganzhorn and associates20 have
demonstrated differences between
regions with respect to nitrogen levels in fruit. They suggest that the low

concentration of protein in Malagasy
fruits may have driven selection in
some lemurs for adaptations to process difficult to digest but proteinrich foods, such as leaves, whereas
high protein levels in Neotropical
fruits were likely sufficient.
Although Primate Communities and
the subsequent review were landmark
publications, there was not (with a
few exceptions21–24) an immediate
increase in research on primate community ecology. Within the last five
years, however, there appears to have
been a growing interest in primate
community and macroecology. Traditionally, studies in community ecology have focused on understanding
the processes affecting community
composition at the local scale, particularly interactions between species,
such as plant-animal interactions,
predation,
and
competition,25,26
whereas macroecological studies have

Recent research in community
ecology has expanded our understanding of local-scale interactions
between primate species and their
environment. Several studies have
documented how the loss of primate
species will affect other trophic levels, particularly in terms of primates’
ecological role of dispersing seeds.
A case study at Kibale forest in
Uganda suggested that the removal
of primates could lead to declines in
plant seedling richness and density.28
Stevenson29 found a consistent relationship between ateline primate
density and plant diversity across 16
Neotropical sites, suggesting that as
atelines are reduced through hunting, plant diversity declines due to a
reduction in seed dispersal. Plant
diversity also declines when largebodied seed-dispersing primates are
extirpated by human hunting.30,31
Some experimental evidence suggests that loss of tropical seed dispersers such as primates will result
in the reduction of some plant species over time.32
Community level analyses within a
study site have led to new developments in our understanding of interactions between primates and their
predators. Lwanga and colleagues33
report the first documented case of a
long-term primate population decline
(red colobus) due to predation by
another primate species (chimpanzee).
Their data, amassed over more than
30 years, on the population dynamics
of 8 primate species at Ngogo in
Uganda provide one of the most
detailed accounts to date of changes
in a primate community over time.
Chapman and coworkers34 have provided another detailed study of longterm primate population and community dynamics. Using a novel, spatially
explicit approach, Willems and Hill35
simultaneously quantified how the
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Box 1. Glossary
Community composition - the
species found in a community and
their abundances.
Community ecology - “The ecology of sets of coexisting species
interacting at local scales.” 25
Co-occurrence patterns - patterns based on the presence or
absence of species across sites that
have been argued to reflect community assembly rules (for example, checkerboard distribution).136
Correspondence analysis - a multivariate analysis that uses multiple
independent variables to predict multiple dependent variables while
accounting for covariation among
variables. It is also an ordination technique that reduces the dimensionality
of data so that it can be displayed on a
two-dimensional plot in which the
proximity of points indicates similarity; the predictor variables driving
this similarity are also visualized.
Dispersal limitation - “the failure of species to reach all sites

perceived risk of various predators
and resource distribution affects vervet ranging behavior. Importantly, vervets respond differently to members
of their predator community (leopards, baboons, snakes, eagles); their
interactions with some, but not all
predators can outweigh the effects of
local resources on ranging behavior.
Studies of the feeding preferences of
predators in a community context
have suggested that predation is likely
contingent on prey availability. In Tai
National Park, Cote d’Ivoire, predation
rates vary between predator taxa
based on the body size and habitat
use of prey species.36 More specifically, predators favor terrestrial prey
with large bodies and small brains
that live in small groups, but those
preferences vary across predators.37
Thus, examining the broader predator
community may be necessary to
understand a species’ anti-predator
behavior.
Research focused on interspecific
competition among primates, as well
as primates and other vertebrates,

favorable for their growth and
survival.” 137
Macroecology - the study, by
examining statistical relationships,
of the patterns and processes driving the abundance and distribution
of species over large spatial and
temporal scales.27
Mantel test - a type of analysis in
which two or more matrices of pairwise distance measures (for example, genetic, phylogenetic, ecological,
or geographic) are compared by creating a null model with permutations.
The
test
produces
a
significance value (p) for the correlation between matrices (r).138
Metacommunity - a set of local
communities connected through
the dispersal of many potentially
interacting species.139
Nestedness - a pattern that
occurs when species in smaller
fragments contain (nested) subsets
of the species found in more
species-rich areas.140

has progressed during the last several years. It is notoriously difficult
to provide evidence of interspecific
competition,
especially
in
the
absence of experimental data.38
Nevertheless, studies using novel
datasets and quantitative approaches
have suggested that primate communities have been shaped by interspecific
competition
between
primate species, as well as between
primates and other taxa. At the local
scale, body size is important in competitive interactions between species.
For example, body size determines
dominance hierarchies among species and predicts contest competition
in four sympatric primates in Kibale
forest (chimpanzees, red-tailed monkeys, blue monkeys, and graycheeked mangabeys).39 Irrespective
of taxon, body size significantly predicted competitive outcomes in an
observational study of 19 frugivorous
vertebrate species (4 primates, 2
squirrels, 13 birds) in feeding trees
in a Central African forest.40 Among
the frugivores in Gunung Palung

Null model analysis - “A pattern
generating model that is based on
randomization of ecological data or
random sampling from a known or
imagined distribution.”141
Path analysis - a tool for presenting outputs from multiple linear
regression that allows for examination of both direct and indirect
effects as well as correlations
between explanatory variables.
Phylogeography - study of the
historical and phylogenetic aspects
of the spatial distributions of
genealogical lineages, especially of
closely related species.142
Phylogenetics - the study of the
evolutionary relationships among
groups of organisms
Vicariance - “The emergence of
geographic barriers to dispersal
and gene flow, which spatially isolates populations and may lead to
the formation of new species
through allopatric speciation.” 143

National Park, Indonesia, gibbons
have the highest dietary overlap with
squirrels, primates, and hornbills,
which highlights the potential role of
interspecific competition between
primate and nonprimate taxa at the
local scale.41

Primate Communities at the
Macro Scale
Macroecological studies examine
relationships between species and
their environment over large spatial
and long temporal scales based on
the idea that local-scale processes
cannot entirely explain species distributions.27 Several studies have examined various aspects of primate
communities at the macro-scale.
This work has expanded on prior
research in several directions, including investigating the importance of
current environmental conditions
and historical patterns of dispersal
and vicariance.42–45 Macroecological
studies of primates have yielded several interesting and sometimes
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unexpected findings. For instance, in
many cases the best predictor of
how similar the species composition
of two communities will be is the
distance between them.42,43 Within a
continent, communities in close
proximity to each other have similar
species compositions, and this similarity decreases as the geographic
distance increases. This geographic
distance effect may be a surrogate
for historical patterns of species dispersal and vicariance. As distance
between sites increases, the likelihood that barriers inhibiting dispersal and driving allopatric speciation
occur also increases. These barriers
do not affect all species equally.
Recent evidence suggests that certain
biological traits, such as body size or
ecological specialization, may influence a species’ ability to cross river
barriers.46 However, a recent analysis of Neotropical primate communities suggests that, independent of
historical effects such as riverine
barriers and Pleistocene refugia, geographic
distance
effects
alone
explain the greatest variation in community composition.47
Environmental variables are often
relatively weak predictors of primate
community structure,42,43,47 which
suggests that many primate species are
ecologically flexible. Indeed, primate
community similarity was weakly and
not significantly predicted by tree community similarity in a study of protected areas across Uganda,48 explicitly
demonstrating that primate community composition at these sites does not
respond significantly to geographical
variation in plant food sources. One
interpretation is that these studies collectively provide support for the neutral theory of biodiversity and
biogeography.49 This is the idea that
species distributions are largely the
result of neutral processes, such as dispersal limitation, and that ecological
influences are less important. However, neutral theory is based on the
assumption that all species are functionally equivalent. An alternative
interpretation of these results is that
quantifying important variation in
functional traits across taxa may
inform our understanding of why primate communities appear to be
strongly affected by neutral processes.

Of course, even if elements of the
neutral theory of biodiversity and
biogeography are supported by some
research, this does not negate
numerous studies showing important
connections between climate, habitat, and various aspects of primate
community ecology and macroecology. Since Reed and Bidner’s
review,19 additional papers have
addressed habitat and resource
effects on primate communities. The
spatial scale of these studies has
ranged from micro-habitat use50 to
the effects of flooded and unflooded
adjacent forests on primate use,51 to
regional scale differences in primate
community structure,52 variation in
primate communities across ecoregions,44 and global scale relationships
between
vegetation
and
community structure.53 Across habitats in Madagascar, the protein-tofiber ratio of leaves predicts lemur
biomass54; across regions excluding
Madagascar, fruit fall predicts primate diversity,55 and frugivore biomass increases with annual fruit fall
and decreases with seasonality.56
A macro-level perspective has also
been implemented to examine the
influence of predators on the interspecific interactions among primates in
communities. Terborgh57 first suggested that variation in primate predators across regions could explain
primate polyspecific associations.
Specifically, he argued that the strong
influence of raptor predation in Africa
and the Neotropics explained the frequently observed polyspecific associations of primates in these regions.
Similarly, Terborgh suggested that the
lack of raptor predation in Madagascar and Asia explained the absence of
polyspecific associations in those
regions. However, Hart58 performed a
continental comparison of more than
2,200 successful predations on primates, finding that raptors were responsible
for
most
predations
in
Madagascar. This observation has
been confirmed by detailed field investigations in Madagascar. Karpanty59
found that high predation rates by two
diurnal raptors were likely responsible
for reducing population growth rates
and the carrying capacity of several
lemur
species
at
Ranomafana
National Park.

Terborgh’s argument that primate
polyspecific associations are limited
to biogeographical regions in which
raptors heavily prey on primates may
still have applicability, despite heavy
raptor predation on Madagascar.
Recently published findings show that
some lemurs do form polyspecific
associations.60,61 There is, however, a
distinction between predation risk,62
which might drive polyspecific associations, and the number of predation
events, which Hart reports. Furthermore, biogeographical differences in
predation risk and predation rates
will depend on both predator assemblages (above and beyond the presence
or absence of raptors) and the prey
assemblages at a particular site.
Broad-scale approaches that have
been increasingly used to examine
interspecific competition among primates and other species have yielded
interesting results. Schreier and
coworkers63 examined primate communities in 43 forests globally to
quantify potentially competing pairs
of species (defined as sympatric species with similar body sizes and dietary preferences) and describe niche
separation within those pairs. Variation in forest type, canopy use, and
diet were the most common forms of
niche separation between potentially
competing species pairs.
Null-model analysis of co-occurrence
patterns indicate that, in most
regions of the world, frugivorous primates are less likely to coexist than
are species occupying different dietary niches.64 Interspecific competition for fruit may therefore be
stronger than competition for other
food types, and may prevent some
frugivorous primates from co-existing
in the same community within
regions. Interestingly, this is not the
case for primates of the Sunda Shelf.
In comparable analyses of Bornean
communities, Beaudrot and colleagues65,66 found patterns consistent
with the interpretation that while frugivorous primate species did co-occur
in the same communities, competition with birds, bats, and squirrels
was more severe, potentially leading
to competitive exclusion between certain primates and nonprimate vertebrates. Evidence of competitive
exclusion was strongest between
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Box 2. Online Resources for Data and Data Analysis
Resources for data
WorldClim - http://worldclim.org/
Global Climate Models - http://www.ccafs-climate.org/
Intergovernmental Panel on Climate Change - http://www.ipcc-data.org/
Center for International Earth Science Information Network - http://www.ciesin.columbia.edu/download_data.
html
USGS Land Cover Institute - http://landcover.usgs.gov/landcoverdata.php/
Gridded Population of the World - http://sedac.ciesin.columbia.edu/gpw/
Human Footprint - http://ciesin.columbia.edu/wild_areas/
Ecological Data Wiki - http://www.ecologicaldata.org/
Harmonized World Soil Database - http://www.iiasa.ac.at/Research/LUC/External-World-soil-database/HTML/
Ecological Society of America Data Registry - http://data.esa.org/esa/style/skins/esa/index.jsp
Global Biodiversity Information Facility - http://www.gbif.org/
IUCN Red List of Threatened Species Spatial Data - http://www.iucnredlist.org/technical-documents/spatialdata
Biological Inventories of the World’s Protected Areas - http://www.ice.ucdavis.edu/bioinventory/bioinventory.
html
Map of Life - http://www.mappinglife.org/
Protected Planet - http://protectedplanet.net/
All the World’s Primates - http://www.alltheworldsprimates.org
Resources for data analysis
vegan: Community Ecology Package - http://cran.r-project.org/web/packages/vegan/index.html
Picante: R tools for integrating phylogenies and ecology - http://picante.r-forge.r-project.org/
Spatial Analysis in Macroecology - http://www.ecoevol.ufg.br/sam/
Nestedness Temperature Calculator Program - http://aics-research.com/nestedness/tempcalc.html
ANINHADO (Nestedness software) - http://www.guimaraes.bio.br/soft.html
Ecosim - http://www.uvm.edu/ngotelli/EcoSim/EcoSim.html
EstimateS - http://viceroy.eeb.uconn.edu/estimates/index.html
MaxENT - http://www.cs.princeton.edu/schapire/maxent/
Canoco (Canonical Ordination) - http://www.pri.wur.nl/uk/products/canoco/
BioGeoSim - http://garyentsminger.com/biogeosim/index.htm
OpenGeoDa - https://geodacenter.asu.edu/projects/opengeoda
GRASS GIS - http://grass.fbk.eu/
Calendar of Spatial Analysis Training Courses in R - http://spatial-analyst.net/wiki/index.php?title 5Training_in_R

invertebrate-eating primates and
other taxa, especially birds and squirrels. These results support Ganzhorn’s hypothesis that Asian primates
compete less among themselves than
they do with other taxa.67 Extreme
fluctuations in food availability characteristic of Southeast Asian forests68
may make it necessary for fruit-eaters
to fall back on alternative food sources when fruit is scarce, essentially
causing them to become generalists.
Interspecific competition among
primates has also been examined
using a phylogenetic approach.
Kamilar and Guidi69 found that

Malagasy primate communities are
less likely than other regions to contain many closely related species. If
closely related species occupy similar
ecological niches, then this pattern
may indicate that past competition
structured many Malagasy primate
communities. Another reason for
this finding may be the large proportion of Malagasy primate species
that have become extinct in the
recent past, though a recent study
suggests that this is not the primary
cause of phylogenetically distinct
species comprising modern Malagasy
communities.70
Rather,
the

phylogenetic structure of Madagascar’s primate communities may be
the result of the rapid diversification
that likely occurred early in lemur
history. Given that primates dominate the terrestrial mammalian
fauna on Madagascar, competition
between primate species may be
more severe on Madagascar than in
other regions.43,67
Research on primate disease ecology has expanded extensively during
the last ten years71 and some recent
work has examined this topic in the
context of primate communities.72
Given
the
close
evolutionary
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relationship between humans and
nonhuman primates, primate disease
ecology is highly relevant to understanding aspects of human health. It
is also important for conservation,
given the significant impact diseases
can have on population dynamics.
Some major findings include that
protozoan parasite species richness
increases towards the tropics, but
the species richness of viruses and
helminthes does not.73 This has
potentially important implications
for primate community ecology,
since the most species-rich and
diverse primate communities are
exposed to more protozoan parasites.
Phylogenetic studies have shown
that parasites are shared most often
between closely related species with
overlapping geographic ranges74 and
that most primate parasites are generalists. Also, although there is little
evidence of host-switching, there is
evidence of co-evolution of parasites
and their hosts.75 Variation in primate community size and diversity
may therefore be associated with
starkly different parasites, which
may affect the long-term health of
primate species in different types of
communities.
There is also a positive relationship
between the intensity of range use
and parasite richness.76 During times
of scarcity of preferred foods, primates may reduce their daily travel distance or more intensely use areas
with available food resources.77,78 If
interspecific competition reduces the
availability of preferred food sources,
then it may indirectly contribute to
increased parasite richness via
increased intensity of range use. A
more extensive review of primate disease ecology is available elsewhere.71

WHERE CAN WE GO FROM
HERE?
While the past decade has
included progress in our understanding of primate community ecology,
several major areas remain undeveloped and warrant greater attention
in the coming years. A more synthetic study of primate communities
is now possible and will undoubtedly
lead to important insights. For

instance, it is now possible to examine the distribution and co-existence
of primate species in the context of
current and past ecological parameters, anthropogenic effects, phylogenetic structure, interactions with
nonprimate vertebrates, and the biological traits of the primates themselves. Numerous publicly available
databases contain information about
a wide array of primate traits,
including many aspects of their biogeography, behavior, ecology, and

A more synthetic study
of primate communities
is now possible and will
undoubtedly lead to
important insights. For
instance, it is now possible to examine the distribution and co-existence
of primate species in the
context of current and
past ecological parameters, anthropogenic
effects, phylogenetic
structure, interactions
with nonprimate vertebrates, and the biological traits of the primates
themselves.

phylogeny. Future studies will be
facilitated by the continued availability of these data and the implementation of new quantitative techniques
(Box 2). Primatologists can play a
key role in contributing to and using
online data repositories to enhance
collaboration and synthetic analysis.
In addition, primate ecologists can
further enhance their “analytical
toolbox” by improving their skills in
GIS and spatial analysis, phylogenetic
comparative methods, and macroecological modeling. There are short-

term workshops focused on ecological
and evolutionary methods available to
both graduate students and faculty,
including the Bodega Applied Phylogenetics Workshop (http://bodegaphylo.
wikispot.org/Front_Page),
and
the
Anthrotree Workshop (http://www.
anthrotreeworkshop.info/). Combining
this wealth of information with new
analytical tools will facilitate addressing novel questions or classic questions
in new ways (Box 3).
New developments in field-based
hardware are beginning to provide
detailed data on interspecific interactions. Advances in radio-collar technologies have led to the ability to
track multiple species simultaneously, as has been done on Barro
Colorado Island, where researchers
have used an automated telemetry
system for remote study of 38 sympatric animal species, including 17
mammal and 12 bird species.79 This
system, which makes it possible to
simultaneously track difficult-tofollow elusive predators and their
prey thereby has the potential ability
to revolutionize the study of
predator-prey interactions.80 In other
cases, increased implementation of
camera traps has resulted in a better
understanding of tropical mammal
community structure and diversity,81,82 and the shared habitat use
of difficult-to-habituate species.83,84
Gathering more detailed information
about primate predators and competitors will provide a more complete
picture of community dynamics.
In addition to technological advances, applying conceptual frameworks
developed for other taxonomic
groups may advance our knowledge
of primate community ecology. For
example, the stress-gradient hypothesis85 for understanding positive
interspecific
interactions
has
received considerable investigation
in plant community ecology,86 but
remains relatively unexplored in animal community ecology. Positive
interactions between species are
those in which one or both species
benefit from the interaction and neither species is harmed. The stressgradient hypothesis posits that positive interactions will occur more
often under high stress levels caused
either by consumer pressure (such
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Box 3. Examples of Questions That Can Be Addressed Using Currently
Available Data and Analytical Methods

1. Is competition stronger between
primate species or between primates and nonprimate vertebrates? How does this vary
across regions?
2. Are current or past ecological
conditions more important for
predicting
modern
primate
distributions?
3. How have primate communities
changed through time?

as predation) or physical stress (for
example, harsh climate and low food
availability). When consumer pressure is high, species are more likely
to form associational defenses to
reduce consumer pressure. Similarly,
when physical stress is high, species
interactions that reduce the physical
stressor are more likely to occur. In

4. Do the macroecological patterns
of primate communities, such as
the importance of geographic
distance to explain species composition, hold true at smaller
spatial scales?
5. How do anthropogenic effects
influence species distributions
and the composition of primate
communities?
6. Are some primate species more
susceptible than others to

the absence of high consumer pressure and high physical stress, positive interactions are expected to be
rare. Among primates, polyspecific
associations perhaps provide the
clearest opportunity for positive
interspecific interactions (although
not all polyspecific associations are
necessarily positive). The framework

negative impacts from climate
change and, if so, what factors
predict this susceptibility?
7. Can we reconstruct the dispersal
of human ancestors by examining the paleobiogeography of
other vertebrates?
8. Why are many primate species
limited in their dispersal ability?

from the stress-gradient hypothesis
may shed light on why primate polyspecific associations occur in some
species or forests, but not others,87,88
given that primate polyspecific associations have been observed to
reduce predation pressure89 in some
instances and enhance foraging90 in
others (Fig. 2).

Figure 2. Conceptual framework of the stress-gradient hypothesis. This framework may provide insight into predicting the occurrence of
polyspecific associations in primates. A: The stress-gradient hypothesis posits that positive interactions are expected to increase under
conditions of high stress. Positive interactions between species are those in which one or both species benefit from the interaction and
neither species is harmed. High consumer pressure may result in species forming associations to increase their defenses against predators (that is, associational defenses). High physical or abiotic stress may result in species interacting in ways to decrease physical stress
(for example, habitat amelioration). Therefore, if either consumer pressure or physical stress is high, positive interactions among species
are expected to be more common and competitive interactions are expected to be rare. B: Among primates, high predation pressure
may drive the formation of polyspecific associations to reduce the risk of predation; high stress from harsh climatic conditions or low
food availability may drive the formation of polyspecific associations to increase foraging efficiency. In the absence of high predation
pressure or stress from food or climate, the probability of a polyspecific association in primates is low. While this framework has received
extensive attention in plant community ecology (>700 studies),86 its applicability to animal communities is relatively untested. Figure
modified from original source.85
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Figure 3. Temporal and spatial scaling in community ecology and evolution. Species distributions and, therefore, community compositions, are driven by biogeographic factors
such as speciation and extinction process at large spatial and temporal scales. The
importance of dispersal, which varies with the mobility of species, can influence species
distributions that are based primarily on ecological factors. At moderate scales, environmental factors filter out species that are intolerant to local conditions. These environmental factors may include abiotic variables such as temperature and rainfall or biotic
variables such as predator abundance or prey availability. At fine spatial and temporal
scales, density-dependent effects are thought to be most important. These effects
include competition, pathogen risk, and mutualisms. For a given point in time or space,
multiple factors are often responsible for species distributions and the resulting communities.135 Adapted from Cavender-Bares and coworkers.135

Besides primate-primate relationships, investigations focused on
primate-plant interactions have the
potential to provide a greater understanding of the maintenance of tropical biodiversity. For example, it is well
documented that some primate species destroy seeds through seed predation,91–94 yet the consequences of this
seed predation remain largely understudied. Among nonprimate taxa, scientists have demonstrated not only
that variation in terrestrial mammal
community composition affects plant
community composition through postdispersal seed predation,95 but that
seed predators contribute to the diversity of Neotropical plant communities
because they disproportionately feed
on common seeds. This provides a
survival advantage to the seeds of rare
species.96 Some primates likely perform similarly important ecological
functions through predispersal seed
predation. Thus, the community level
effects of predispersal seed predation

by primates warrant consideration in
future studies, particularly with regard
to predicting cascading effects following the extirpation of primates.97
A major area of research that
remains to be explored is the spatial
and temporal scaling of the processes
affecting community composition,
such as dispersal (Fig. 3). For example, field observations provide data
on individual primates dispersing
from their natal groups at relatively
fine spatial and temporal scales.
Molecular, morphological, and phylogenetic data provide information on
large-scale patterns of species dispersal across regions and continents.98–
101
Nevertheless, we have little knowledge of how small-scale processes,
such as individual dispersal, translate
into large-scale patterns of macroecology and community structure
over many generations.> For example, how do individual dispersal
events result in population- and
species-level range patterns at larger

geographic scales? This is one line of
research that may begin to link processes at multiple scales. In addition,
investigating the role of sociality on
species-level dispersal limitation may
shed light on why primate species
limit their dispersal. Research on
translocations, which can be considered “forced dispersal” experiments,
has shown that maintenance of family groups is important for individual
survival and reproduction rates.102 If
group living imposes greater dispersal costs on individuals than does solitary living, then group-living species
would be expected to exhibit greater
dispersal limitation than do solitary
species. Territoriality is also likely to
play a major role in limiting dispersal
success because individuals may
encounter high rates of aggression
from
territorial
conspecifics.102
Therefore, investigating the relationship between social structure and
dispersal limitation may provide
another promising line of future
research that links processes at multiple scales.
Because of the feasibility of primate
habituation, as well as the painstaking
efforts of dawn to dusk behavioral
field work, many primatologists have
tremendous individual-level data that
are essentially unattainable for other
animal taxa, particularly in the
tropics. Consequently, primatologists
are uniquely situated to harness this
understanding of individuals to
inform studies of population-, community-, and ecosystem-level processes. Connecting individual variation
across ecological scales is a burgeoning area of research. Recent reviews
have provided conceptual models
aimed at integrating data from disparate sources to provide an understanding of the evolutionary ecology of
individual differences.103,104
Scaling has received more attention in the context of genetic data
and its importance for inferring phylogenetic relationships. Because of
the relatively manageable number of
primate species and the extensive
efforts devoted to primate genome
sequencing, primate phylogenies are
relatively well-resolved in comparison with those of other taxa, especially other tropical organisms.
Studies of primate phylogenetics
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stand to contribute meaningfully to
the field of macroecology. Prominent
studies have recently used the wellresolved nature of primate phylogeny
to inform our understanding of macroevolutionary processes.105–107
Research in phylogeography, which
explicitly examines phylogeny in a spatial and biogeographic context, can
contribute to our understanding of the
historical processes shaping the current distributions of closely related
taxa.98,108 For instance, a study of
mouse lemur phylogeography109 found
that monophyletic clades (based on
mitochondrial DNA) are distributed in
north/south groups, as opposed to an
expected east/west division. This finding and additional research nicely illustrate that the commonly held
assumptions about the nature of biogeographic patterns may need to be
reevaluated when molecular data are
integrated into biogeography and macroecology research.
Future work on primate communities can also have important implications for primate conservation.
Comparative studies of primate communities can highlight taxa of conservation
concern
by
identifying
biological traits associated with
increased extinction risk.17,110 Macroecological and phylogenetic studies
can help identify species that are
more sensitive to environmental conditions and anthropogenic effects,
such as the increased impact of logging on phylogenetically older species,111 and species for which efforts
should be prioritized to conserve phylogenetic diversity.112 Understanding
primate interactions with the broader
suite of vertebrates with which they
co-occur has potential implications for
long-term conservation strategies,
such as translocations, which may
become more common for establishing, reestablishing, or augmenting
populations of threatened species. For
example, a review of more than 90
translocated vertebrate species found
that translocations into areas with
potential competitors were less successful than translocations into areas
without competitors or congeners.113
In addition, the recent development of
spatial tools for modeling the effects
of hunting on populations and communities has the potential to assist
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conservation prioritization.114 Spatial
analyses may also be important for
understanding forest fragmentation
effects on primate community structure. Increasing forest fragmentation
results in the presence of more edge
habitats (transitional areas between
forest and nonforest habitat), which
are known to differently affect primate population densities.115 Focusing
research on primate communities in
these areas may contribute to maintaining viable primate populations, as
well as understanding the relationship
between
primates
and
forest
structure.
Research addressing primate paleocommunities can uncover temporal
shifts in community structure, especially in relation to climate change
and anthropogenic effects on community composition.70 Integrating
data on past and present primate
communities can provide insights
into temporal changes in community
size,
composition,
phylogenetic
structure, and aspects of community
niche space. Using historical species
distributions can help us understand
how species ranges will shift in
response to climate change. As
human influences on landscapes
increase and anthropogenic climate
change restructures ecological communities, integrative methods that
incorporate data related to extant
and extinct species, as well as other
approaches, such as ecological niche
modeling,116–119 will become increasingly important as predictive tools
for conservation planning.

APPLYING COMMUNITY
ECOLOGY APPROACHES TO
OTHER TOPICS IN BIOLOGICAL
ANTHROPOLOGY
Community ecology and macroecological approaches can be applied to
related fields of study to address
questions of interest to biological
anthropologists. In fact, a recent
paper by Anemone and colleagues120
stressed the use of GIS and macroecological modeling techniques to
predict new fossil localities. This
approach is similar to predicting previously unknown occurrences of
extant species using known localities

from museum collections and field
surveys, is combined with GIS data
layers that capture abiotic variables
such as temperature, rainfall, and elevation.121,122 Understanding the biogeographic and community-level
patterns of extant primates can provide an important starting point for
examining extinct human and nonhuman primate distributions.
Another critical area of research
that may benefit from a community
ecology approach is reconstructing
past environments. In particular,
understanding the ecological context
of fossil hominins can provide important insights into many aspects of
their biology, including diet, locomotion, and predators. One method of
paleoenvironmental reconstruction
focuses on using the presence or
absence of large mammal fossil
assemblages.123–126 Many species are
significantly correlated to certain
habitat types and can therefore be
used to identify historical environments. For instance, a species-rich
mammal paleocommunity comprised
of many grazers, such as Alcelaphus,
would indicate a relatively open habitat with significant grassland. If a fossil hominin species were found in this
habitat, it would likely be interpreted
as being more bipedal than arboreal.
Methods and recent results drawn
from studies focused on broad-scale
patterns in primate community variation may be able to provide new
directions
for
paleoecological
research. Although some paleoecological studies use numerous sites to
examine the relationship between
species assemblages and ecology, few
have attempted quantitative investigation of how the degree of interconnectivity among sites influences
mammal paleocommunity structure.
Analyses of extant primate communities have found that in many cases
the best predictor of community composition is not the local ecology, but
the distance to neighboring communities.42,43 Applying a similar approach
to mammal paleocommunities may
provide information regarding the
dispersal patterns of these taxa,
including those of fossil hominin species. This would build on recent publications
focused
on
hominin
dispersal routes within and between
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continents100,127,128 that implemented
more descriptive approaches.
Finally, methods and theory typically used to understand broad-scale
patterns in primate communities can
be applied to cultural data. In recent
years, anthropologists interested in
the evolution of human and nonhuman primate culture have adapted
phylogenetic methods.129–131 Similarly, methods often used in community ecology research, such as
Mantel tests and canonical correspondence analyses, can be applied
to cultural questions. For instance,
they can be used to test the importance of environmental factors and
geographic distance for predicting
the presence and absence of cultural
traits across multiple sites.132–134
Studies of human and chimpanzee
cultural variation have shown that
sites in close proximity to each other
exhibit similar cultural assemblages
and that this similarity decreases
with increasing geographic distance.
In contrast, local ecological factors
poorly predict cultural similarity
among sites at broad spatial scales.
Applying additional community ecology methods may hold promise for
increasing our understanding of
broad-scale geographic variation in
cultural repertoires.

anthropologists to engage in the
study of primate communities and
contribute to the theoretical and
applied areas described here, as well
as others. We hope that in the future
more primate researchers will
address community- and macro-level
ecological questions.

CONCLUSIONS

5 Corlett RT, Primack RB. 2006. Tropical rainforests and the need for cross-continental comparisons. Trends Ecol Evol 21:104–110.

There have been many developments in primate community ecology
and macroecology during the past
ten years, particularly on the topics
of predation, interspecific competition, habitat associations, polyspecific
associations,
and
disease
ecology, and much of the research is
relevant to conservation. This work
has benefitted from newly available
data, better organization of existing
data, and advances in analytical
methods. Although the progress in
primate community ecology and
macroecology is impressive, there
still are numerous directions that
can be pursued in the future. We
have highlighted some unanswered
research questions and drawn attention to relevant theoretical frameworks, analytical tools, and publicly
available databases. There are many
opportunities
for
biological
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