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Terrestrial mammals are a key component of tropical forest communities as indicators of ecosystem
health and providers of important ecosystem services. However, there is little quantitative information
about how they change with local, regional and global threats. In this paper, the first standardized
pantropical forest terrestrial mammal community study, we examine several aspects of terrestrial
mammal species and community diversity (species richness, species diversity, evenness, dominance,
functional diversity and community structure) at seven sites around the globe using a single standardized camera trapping methodology approach. The sites—located in Uganda, Tanzania, Indonesia,
Lao PDR, Suriname, Brazil and Costa Rica—are surrounded by different landscape configurations,
from continuous forests to highly fragmented forests. We obtained more than 51 000 images and
detected 105 species of mammals with a total sampling effort of 12 687 camera trap days. We find
that mammal communities from highly fragmented sites have lower species richness, species diversity,
functional diversity and higher dominance when compared with sites in partially fragmented and continuous forest. We emphasize the importance of standardized camera trapping approaches for
obtaining baselines for monitoring forest mammal communities so as to adequately understand the
effect of global, regional and local threats and appropriately inform conservation actions.
Keywords: camera traps; global network; occupancy; public data; terrestrial mammals;
tropical forests

1. INTRODUCTION
Most analyses of biodiversity loss, including analyses
of mammal communities, rely on species distributional data and inferences based on habitat association
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Electronic supplementary material is available at http://dx.doi.org/
10.1098/rstb.2011.0115 or via http://rstb.royalsocietypublishing.org.
One contribution of 14 to a Theme Issue ‘Global strategies for the
conservation of mammals’.

[1– 6]. Seldom is information available on the status
or trends of mammal communities, particularly in tropical forests. In these forests, terrestrial mammals
comprise rich communities of species from a variety
of diverse trophic groups and a wide range of body
sizes [7]. This diversity plays a significant role in the
functioning of these ecosystems [8,9]. Aside from
their direct roles in seed dispersal, herbivore control
and nutrient cycling, some propose that removal of
large-bodied tropical terrestrial mammals through
intensive hunting can reduce the capacity of tropical
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forests to store carbon, either through a reduction in
large seeded/high carbon density species mostly dispersed by frugivorous vertebrates [10], or a shift in the
dominant dispersal syndrome from animal to winddispersed species, mostly lianas, as forest terrestrial
herbivores are removed [11].
To test these ideas, and to better understand how
tropical mammal communities change in response to
anthropogenic factors, such as overexploitation, landuse change and climate change, we need information
collected globally on their diversity and community
composition, using standardized methods. Only by examining such patterns and relationships at a global scale can
we start to disentangle the effects of global, regional and
local threats on these communities. Comparing the terrestrial ground-dwelling mammal community structure
between sites on different continents can be problematic
because the species themselves differ from site to site. In
such cases, it is appropriate to classify species into functional groups (e.g. by trophic category, life-history
characteristics, social structure and body size).
Here we present data from the first pantropical, standardized monitoring network for tracking the changing
state of tropical mammal communities and the drivers of
those changes (www.teamnetwork.org). The network
spans representative environmental and anthropogenic
gradients and currently comprises 17 sites in Africa,
Asia and Latin America, with the goal of expanding
to 40 sites by 2013. We use these data to assess the
community structure, species and functional diversity
of seven tropical forest mammal communities spanning continental tropical forests in Africa, Asia and
Latin America. We use data from extensive (approx.
120 km2 per site), camera trap arrays to explore patterns
of diversity among forests and the relationship with
landscape context and forest area.

2. METHODS
(a) Data
The data presented in this paper come from a global
tropical forest monitoring network, the Tropical Ecology Assessment and Monitoring Network (TEAM,
http://www.teamnetwork.org). TEAM monitors tropical
mammal and bird communities using extensive camera
trap arrays, following a standardized protocol [12]. At
each site, camera trap arrays cover a minimum of
120 km2, with 60 camera trap points (camera trap
model RM45, Reconyx Inc.) deployed at a density of
one camera per 2 km2 for at least 30 consecutive days
during the dry season (months with less than 100 mm
average rainfall). Camera trap points are laid out in a
regular grid in sites that are close to animal trails to capture as many species as possible and without using bait to
minimize attraction of particular species (e.g. big cats).
To minimize costs, at each site, camera traps are
deployed sequentially in arrays of 20–30, rather than
simultaneously (figure 1). At the end of the sampling
period, memory cards are recovered and data
from images are extracted using specialized software—
DeskTEAM [13] (see also http://www.teamnetwork.
org/en/help-deskteam). On average, we obtain 8319
images per site per year (range 1974–14 017). A single
taxonomic authority is used for naming all mammal
Phil. Trans. R. Soc. B (2011)

species photographed [14]. All TEAM data are publicly
available at http://www.teamnetwork.org/en/data/query.
(b) Sites
We analyse data on mammal species occurrence and
functional diversity collected in 2008–2010 (table 1),
from seven TEAM sites in Africa, Asia and Latin
America: Bwindi National Park (Uganda), Udzungwa
Mountains National Park (Tanzania), Bukit Barisan
Selatan National Park (Indonesia), Nam Kading
National Protected Area (Lao PDR), Central Suriname
Nature Reserve (Suriname), Manaus (Brazil) and
Volcan Barva Transect (Costa Rica). (Detailed information on each site is available at http://www.
teamnetwork.org.) We classified each site according to
its landscape structure into ‘Continuous habitat’, ‘Partially fragmented habitat’ and ‘Highly fragmented
habitat’ (table 1) using the TEAM Human–Ecosystem
Interaction Protocol [15,16]. Sites were classified as continuous, partially fragmented or highly fragmented if the
area around the protected area was 0–20%, 20–50% or
50–100% fragmented, respectively. Area estimates of
the protected area where the TEAM sampling occurs
were calculated using shapefiles extracted directly from
the World Database of Protected Areas [17].
(c) Statistical methods and occupancy
estimation
Data for mammal species were analysed using R [18].
R code transformed the data into a list of species occupancy matrices (see electronic supplementary material
for code). We used occupancy as our state variable
[19– 21]. Occupancy is defined as the proportion of
points in the site where a species is expected to
occur and, unlike many methods for population
metrics, it does not require individual recognition
and identification of animals [19]. Occupancy is
often a useful surrogate for abundance [22].
Each site spanned a certain number of sampling days,
D (73– 132), and a given number of sample points, P,
typically 56–60. The species-specific occupancy
matrix has a resolution of 1 day and dimensions P
rows  D columns, and contains only three possible
values for a cell (pi, dj): 1 if the species was observed at
point pi on day dj; 0 if the species was not observed
at point pi on day dj; and NA if point pi was not sampled on day dj. From these matrices, species-specific
occupancy and detection probabilities were estimated
based on the statistical framework outlined here
[19,20] and using the package UNMARKED for R [23].
An initial model for species-specific occupancy and
detection probability was fitted to the dataset for each
site. After examining the resulting detection probabilities, species with a detection probability ,0.02 were
grouped together and a second model with speciesspecific occupancy and common detection probabilities
(detection probability was kept unchanged between
species) was fitted to improve occupancy estimation
for this set of species [20].
(d) Community structure, functional diversity
and species diversity
To broadly characterize community structure and
functional diversity from the camera trap data, we
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Figure 1. Map of a typical TEAM camera trap array at the Central Suriname Nature Reserve, Suriname. Each point represents
a camera trap location. Camera traps are placed at a density of one camera trap every 2 km2 and distributed in two sampling
arrays of 30 camera traps each (North and South of the Coppename River).

used two functional traits: body size and trophic category. For each species, we obtained estimates of
body size from a global mammal database [24] and
assigned general trophic categories, i.e. carnivore, herbivore, insectivore and omnivore, for each species from
the literature. Functional diversity was estimated as the
functional dispersion index (FDis), a mean of the distance between species in a multivariate functional
space to the community centroid, weighted by occupancy for each species [25] using package FD for R
[26]. Species richness, Shannon diversity, evenness
and dominance (Berger – Parker index, D) were calculated using standard methods [27– 29] with package
BIODIVERSITYR [30].

3. RESULTS
Combining all seven sites, a total of 105 mammal
species were identified from 51 949 images (mean
number of species ¼ 20.6, range, 13 –28 species per
Phil. Trans. R. Soc. B (2011)

site), with a mean sampling effort of 1812.4 camera
trap days (s.d. ¼ 118) and a total sampling effort of
12 687 camera trap days (table 1). Nam Kading in
Lao PDR and the Central Suriname Nature Reserve
in Suriname had the lowest and highest observed
species richness (13 and 28 species), respectively.
Species accumulation curves for all sites show that
sites placed in highly fragmented forests yielded
fewer species per unit effort than did sites in partially
fragmented or continuous forests (figure 2).
Most of the species photographed were omnivorous
and herbivorous (35 in each category), followed by
carnivorous (20) and insectivorous (15). Body size of
species ranged from 26 g (Linnaeus Mouse Opossum,
Marmosa murina) to 3940 kg (African Elephant, Loxodonta africana). Estimated mean occupancy was 0.28
with 48 per cent of species falling below 0.2 (s.d. ¼
0.236, n ¼ 105). Species detection probabilities were
also low (mean ¼ 0.058, s.d. ¼ 0.0317) with a highly
skewed distribution (71% of species with detection
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Sampling effort is the number of sampling days for each camera summed for all the cameras at the site.
Classification is based on criteria outlined in Defries et al. [15]. HF, highly fragmented area; PF, partially fragmented; and CF, continuous forest, remote area.
c
The Data Package Identification Number uniquely identifies the query made on the TEAM database and allows data users to recreate the exact same dataset used in the current analysis.
d
In Manaus, the sampling activities are not within a protected area. We report here the size of the rectangular region that encloses all sampling units.
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Table 1. Site metadata and sampling information for the data analysed in this paper. For more information on each camera trapping array and each site see http://www.teamnetwork.org/en/sites.
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Figure 2. Species accumulation curves for the seven sites
using the exact method described in Colwell et al. [28].
The vertical line is the cut-off point used to estimate species
richness for all sites. CSN, Central Suriname Nature
Reserve, Suriname; UDZ, Udzungwa, Tanzania; BBS,
Bukit Barisan, Indonesia; MAS, Manaus, Brazil; BIF,
Bwindi, Uganda; VB, Volcan Barva, Costa Rica; NAK,
Nam Kading, Lao PDR. Solid line, continuous forest;
dashed lines, partially fragmented forest; dotted lines,
highly fragmented forest.

probabilities below 0.04). Occupancies and detection
probabilities for each species and standard errors
for both parameters are provided in the electronic
supplementary materials.
The relationship between protected area size and
various measurements of mammal species communities
and functional diversity is shown in figure 3. With these
comparisons, we examine how the regional landscape
surrounding a camera trap array at a site correlates
with various measures of diversity, while keeping
the sampling intensity and layout of camera traps the
same between sites. Relative to the area sampled by
the camera trap array, smaller protected areas are surrounded by anthropogenic and agricultural landscapes
to a greater extent than larger protected areas. Arrays
placed in smaller protected areas harbour fewer terrestrial mammal species, have less diverse terrestrial
mammal communities and lower functional diversity
than arrays placed in larger protected areas (figure
3a,b,e). Camera trap arrays placed in smaller protected
areas have terrestrial communities with higher dominance (figure 3d), but show only a weak relationship
with community evenness (figure 3c). A major exception to most of these patterns is the Nam Kading site,
which has an unusually low richness, low species and
functional diversity, and high dominance relative to
other sites of similar size (labelled NAK in figure 3).
This may be owing to a history of hunting pressure at
this site relative to other sites of similar area (e.g.
Udzungwa).
In most sites, the dominant species is a herbivore
(CSN and VB: Cuniculus paca; UDZ: Cephalophus harveyi; NAK: Capricornis milneedwardsii; BIF: Civettictis
civetta; MAS: Dasyprocta leporina) with the exception
of Bukit Barisan were it was a carnivore (Catopuma
temminckii).
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Figure 3. Relationship between surrounding landscape structure at a site (estimated as the size of the protected area enclosing
the camera trap array) and measures of community diversity. (a) Species richness (from figure 2 at cut-off sampling intensity),
(b) Shannon diversity (H ), (c) evenness (EH), (d) dominance (Berger–Parker D), (e) functional diversity (FDis, functional
dispersion). Site abbreviations are shown next to each point (see caption of figure 2). Broken lines are least-square regression models.

Terrestrial mammal community structure at all
seven sites is shown in figure 4 separated by continent,
and ordered along a gradient of landscape contexts
from continuous forest to highly fragmented forest.
We observe that species richness (the number of
dots), the functional diversity of the community (the
area of two-dimensional trait space occupied by the
community) and the occupancy of species (size of
the dots) decrease as the landscape becomes more
fragmented. Insectivores and omnivores seem to be
more sensitive to these changes than carnivores and
herbivores, but all functional groups show consistent
declines in diversity and occupancy in highly fragmented sites. In most sites, herbivores and omnivores
dominate these communities, with the exception of
Bukit Barisan, were three carnivores seem to be the
most dominant species (Cuon alpinus, Catopuma temminckii and Arctogalidia trivirgata). The fragmented
sites had usually one or more functional groups missing (e.g. insectivores in Nam Kading and Bwindi,
large ungulates in Bwindi).
Phil. Trans. R. Soc. B (2011)

4. DISCUSSION
Even though terrestrial mammals are an important
component of tropical forest communities, we have
quantitative information on the structure of these
communities for only a handful of sites. We have
reasonably good knowledge of the global distribution of most tropical forest terrestrial mammals, but
we lack consistent and comparable population and
community-level information on what is happening
to most of these species using standardized population
and community-level metrics [21]. The most recent
Global Mammal Assessment showed that most
tropical forest species remain data-deficient [31].
This paper assesses the community structure, species
and functional diversity of seven tropical forest terrestrial mammal communities spanning three continental
regions and includes forests embedded in different
landscape configurations. Our results suggest that a
number of important relationships need to be further
tested and refined by incorporating further sites and
replications. In particular, our data show that landscape
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Figure 4. Forest mammal community structure for all seven sites. Sites are arranged by continent (rows) and surrounding landscape structure (columns). Individual figures show the distribution of species along two functional traits: body size (expressed
in a log scale) and trophic category. Each circle in the figure represents a species in functional space, with the size of the circle
proportional to the estimated occupancy.

context leaves a strong signature in the structure of the
mammal community; forest areas surrounded by a
larger proportion of anthropogenic habitats (highly fragmented sites) harbour terrestrial mammal communities
with a lower species richness, lower species diversity,
lower functional diversity and higher dominance. One
site in particular (Nam Kading, abbreviated NAK)
seems to have lower diversity (functional and species)
and higher dominance compared to other sites with
similar landscape configurations. It remains to be investigated whether this is because of a smaller regional
species pool, higher levels of hunting, a combination
of both or some other unmeasured factor.
The fact that common relationships seem to hold for
several dimensions of diversity and community structure
in the absence of within-site replication is a strong indication that fragmentation and landscape structure may
override inherent differences in the terrestrial mammal
community structure between regions. Additional sites
and information are required to test the generality and
robustness of these patterns.
Our general results are unsurprising given the welldocumented effects of habitat fragmentation and habitat
loss on populations and entire ecological communities in
Phil. Trans. R. Soc. B (2011)

tropical forests [32–34]. Our data, however, suggest that
some functional groups are more sensitive to these
changes than others. In our study, insectivores and omnivores showed larger reductions in both species’ richness
and occupancy compared with carnivores and herbivores
as a site becomes more fragmented (figure 4). It is well
known that fragmentation affects vertebrate functional
guilds in different ways [35], with the more sensitive feeding guilds, in at least some regions of the tropics, being
insectivores, carnivores and omnivores, while many
herbivores and nectivores tend to respond neutrally or
positively to fragmentation [36]. Most of the literature
on the effects of fragmentation on vertebrate functional
groups in tropical forests is biased towards small- to
medium-sized birds and bats, with little information for
larger and harder-to-detect terrestrial ground-dwelling
mammals [36]. However, our preliminary results seem
to confirm the higher sensitivity of omnivores and insectivores observed in meta-analyses of wider groups of
tropical vertebrates [36]. Whether this is owing to loss
of habitat, food resources, hunting or a combination
of these factors remains unknown for our sites. This
suggests that species loss in fragments might be precipitated when local food abundance, habitat cover and
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connectivity between patches for these species reach a
‘tipping point’ [37]. Perhaps insectivorous and omnivorous mammals reach this point sooner than herbivores
and carnivores because changes in forest cover affect
abundance of their food resources or habitat preferences
more strongly (see [38,39] for tropical bird examples).
Hunting pressure is another potentially important variable for mammals, but has not yet been assessed in a
standardized way across sites. Hunting pressure protocols are relatively simple to implement [15] and could
provide useful information to disentangle several confounding effects affecting influencing tropical mammal
community structure.
Body size is a functional trait that might predispose
some mammal species to respond differentially to
changes in landscape structure as it is positively correlated with home range and density [7,35,40]. Although
we did not attempt to test how body size changes with
landscape structure across sites, differences are not consistent across feeding guilds or landscape structure
types. The relevant literature for terrestrial mammals
is scarce (but see [41]), but in other groups of terrestrial vertebrates, the effects of landscape structure and
fragmentation on body size distribution seem less
strong than the effects on specific feeding functional
groups [36].

(a) Camera traps—a global tool for monitoring
terrestrial mammals
Camera traps are a useful, efficient, cost-effective,
easily replicable tool to study and monitor terrestrial
mammals [21,22,42– 44]. In comparison with other
field-sampling methods, they are well suited to standardization, as human influence and error are
reduced to placement and maintenance of the traps
and identification of the photographs. There are currently some technical limitations on the metrics that
can be extracted from them in relation to population
abundance and density for species that cannot be
identified to individuals from photographs, which are
the majority (but see [22,45]). However, occupancy
estimation is a useful surrogate for population abundance despite limitations for specific applications that
require density (e.g. biomass estimation). An important limitation of occupancy analysis is the difficulty
of estimating it reliably for species that are very rare
and/or possess very low detection probabilities [21].
This is an important concern when evaluating changes
through time as occupancy estimates tend to be biased
when detection probabilities are low (,0.02) [19,21].
This is certainly a characteristic of the terrestrial
mammal communities analysed in this paper, where
approximately 60 per cent of the species have detection probabilities below 0.05. Several solutions to
this problem have been proposed including increasing
the number of sampling points and combining rare
species to estimate common occupancy and detection
probability parameters [46]. However, for monitoring
purposes and to detect changes in community structure, occupancy-based community indexes such as
the Wildlife Picture Index (WPI [21]) represent a
promising metric for camera trap data [47].
Phil. Trans. R. Soc. B (2011)
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The data we present here provide a baseline of
mammal community composition in seven tropical forests, spanning three continents, against which future
changes can be measured. The data already indicate
strong effects of fragmentation on species and functional
diversity and community structure. Future analysis of
multi-year data will allow for temporal comparison
within sites, and, therefore, deciphering whether
trends detected reflect local and/or global patterns of
change. As TEAM is an ongoing and expanding network, the freely available data will track trends in
mammal communities, and will complement other systems, such as the IUCN Red List, which can be used
to monitor changes in the status of individual mammal
species. Relationships between landscape structure,
hunting intensity, climate variability, etc., and tropical
terrestrial mammal species and functional diversity will
become clearer as more sites are analysed. Our study
shows that in the face of the pervasive influence of landscape degradation and fragmentation, conserving large
forested areas is critical to maintain the integrity of
mammal community structure and maximize species
diversity. We hope that these data contribute to a
better management and conservation of these populations and species and encourage a more widespread
use of standardized camera-trapping methods to
monitor tropical terrestrial mammals.
All data in this paper were provided by the TEAM Network, a
partnership between Conservation International, The
Missouri Botanical Garden, The Smithsonian Institution and
The Wildlife Conservation Society, and partially funded by
these institutions and the Gordon and Betty Moore
Foundation. We thank all the participating institutional
partners: Instituto Nacional de Pesquisas da Amazônia
(INPA), Conservation International Suriname, Organization
for Tropical Studies, Uganda Wildlife Authority, Museo
Tridentino di Scienze Naturali and Institute of Tropical
Forest Conservation. We also thank all the field staff at the
following TEAM sites for their hard and invaluable work:
Bwindi, Bukit Barisan Selatan, Manaus, Nam Kading,
Suriname, Udzungwa and Volcan Barva. S.J.A. was also
supported by NSF award no. DEB-0443453.
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