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ABSTRACT

A number of infectious diseases have emerged as threats to humans and wildlife.
Despite the growing importance of georeferenced data for mitigating disease risk,
information on parasite threat is patchily distributed at a global scale. In this paper,
we explore the utility of gap analysis techniques to investigate the global geographical
distribution of parasite sampling in non-human primates. Specifically, we identify
geographical areas that are undersampled for parasites in relation to primate geographical distributions, primate taxonomic sampling, primate threat status, and
parasite taxonomy. Our results reveal that East Asia (particularly China), South-East
Asia, and the South American Amazon are the most deficient in sampling effort with
respect to all criteria. We also identify sampling gaps based on several criteria in West
and Central Africa. Future research aimed at filling these gaps is needed for both
human health and primate conservation purposes.
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A number of infectious agents currently threaten both human
and wildlife populations (Daszak et al., 2000; Cleaveland et al.,
2001; Taylor et al., 2001; Woolhouse & Gowtage-Sequeria, 2005).
For example, recent outbreaks of Ebola haemorrhagic fever have
drastically impacted populations of African apes (Walsh et al.,
2003; Leroy et al., 2004; Bermejo et al., 2006), and the global
decline of amphibian populations has been attributed to disease
outbreaks caused by a chytrid fungus (Berger et al., 1998; Daszak
et al., 1999). Many of the diseases that threaten wildlife also cause
significant threats to humans. In fact, approximately 60% of all
infectious organisms known to infect humans — and 75% of
all emerging pathogens — are zoonotic (Taylor et al., 2001;
Woolhouse et al., 2001). Thus, understanding the factors that
influence the geographical distribution of infectious agents in
wildlife is important not only for animal conservation, but
also for preventing disease outbreaks in humans.
Despite the growing importance of georeferenced data for
mitigating disease threats to wildlife and humans (Smith et al.,
2002; Ostfeld et al., 2005; Rouquet et al., 2005), information on
parasitism is patchily distributed at a global scale, with some
areas better sampled than others. For example, countries that
experience political instability generally will attract less interest
from field biologists. Similarly, species living in relatively inaccessible areas, such as high mountain ranges or swamp forests, are
less likely to be sampled for parasites than those that are found in
locations closer to areas of high human density, established field

sites and efficient transportation networks. While sampling gaps
have been recognized and addressed in comparative studies of
parasite ecology, such as patterns of parasite species richness
(Gregory, 1990; Walther et al., 1995; Poulin, 1998; Walther &
Morand, 1998; Nunn et al., 2003), studies of spatial epidemiology
have yet to address similar issues when studying the geographical
distribution of disease risk.
In this paper, we develop a method for identifying geographical
gaps in our knowledge of global disease distributions, and for
prioritizing the geographical areas most in need of further sampling effort. We then apply this method to identify sampling deficiencies in our understanding of parasites in non-human primates.
Primates are an important group of mammals for considering
these questions. Over 60% of primates are threatened (HiltonTaylor, 2002), and infectious disease has caused devastating
mortality in diverse primate species (Leendertz et al., 2004;
Chapman et al., 2005; Bermejo et al., 2006; Nunn & Altizer, 2006).
Understanding infectious disease in non-human primates also
provides important insights into many human diseases, partly
because primates harbour many infectious agents that can spread
to humans (Wolfe et al., 1998; Peeters et al., 2002; Woolhouse &
Gowtage-Sequeria, 2005). For example, a recent study found that
approximately 25% of the 415 parasites found in non-human
primates also infect humans (Pedersen et al., 2005), and disease
outbreaks in human populations have previously been associated
with human–wildlife contact (Rouquet et al., 2005). Thus, understanding geographical biases in our knowledge of primate parasites
is important for mitigating future disease-related threats to humans.
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The methodological approach developed here is based on the
concept of gap analysis — a technique used in conservation biology
to both outline geographical areas needed to protect threatened
species and to identify areas with a large number of undescribed
species for biodiversity surveys (Scott et al., 1993; Jennings, 2000;
Funk et al., 2005). We used this same basic approach to identify
areas that should be prioritized for parasite sampling, comparing
and contrasting results when incorporating information on primate
distributions (geographical ranges), host taxonomic sampling,
host threat status, and parasite taxonomy.
METHODS
Primate parasite records
To investigate patterns of parasitism in primates, we obtained
data from the Global Mammal Parasite Database (GMPD),
which is an ecological informatics database that was constructed
using information from the published literature on micro- and
macroparasites in free-living primates (Nunn & Altizer, 2005).
The GMPD was generated using bibliographic search engines
covering both European and non-European languages and
currently provides the most complete list of the parasites
documented in primates. However, it should be considered
a sample of the existing literature; in rare cases, an existing
study of primate parasites may be missing from the database,
and studies of parasites in primates may have been published
since the database was finalized and first posted online
(http://www.mammalparasites.org).
For each record of a host–parasite combination in the database, we identified records in which authors of the study provided information on the sampling locality or a nearby landmark
that could be used to identify geographical coordinates. When
latitude and longitude were not provided in the paper, we
searched for these coordinates in online resources, especially the
Geographic Names Database (National Geospatial-Intelligence
Agency, 2005), and in other papers that studied hosts or parasites at
the same locality. We excluded publications that identified localities
only to the general region, state/province or country level. When
it was not possible to identify geographical coordinates, or when
searches resulted in multiple localities in obviously different areas,
we eliminated that host–parasite record from the analysis. Because
we were interested in where sampling effort was placed, we included
localities where parasites were searched for but not found.
Primate ranges
Information on primate geographical ranges was obtained using
geographically rectified range maps for each of the world’s primate
species, as compiled in a geographical information system (GIS)
and used in previous studies of parasite richness in primates
(Sechrest et al., 2002; Nunn et al., 2003, 2005). The host taxonomy
used for the parasite database was developed around the taxonomy
of Corbet & Hill (1992), while the taxonomy for the geographical
range data followed Groves (1993). In combining these taxonomies,
host lineages were generally split into more recognized species
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for the geographical range data than for data in the GMPD. We
therefore combined geographical ranges of species in the range
database that were recognized as synonyms for a species in the
GMPD. Baboons (genus Papio) were an exception to this rule,
with the range maps recognizing only one species of Papio (Papio
hamadryas), compared to multiple species of Papio in the GMPD.
In this case, we combined the parasite data into one record, which
we identified as P. hamadryas. When lumping several synonymous species into a single species, we consulted the IUCN Red
List (2006) to assign this species’ threat status. If the synonymous
species differed in their IUCN threat status score, we assigned the
resulting combined species the highest of these scores.
After taxonomic information on geographical ranges was matched
to the parasite database, we entered the data into a GIS ( 8.3;
Environmental Systems Research Institute, Redlands, CA, USA) and
made one further check of the parasite data in relation to host
geographical ranges. Specifically, we identified sampling localities
for hosts that resided outside of the recognized range. We then
referred to the publications and corrected the database appropriately,
retaining the data (and fixing the host geographical range data)
only when we had strong evidence that the locality was correct.
Identification of sampling gaps
We developed four goals for analysing the geographical data on
parasite sampling:
Quantify geographical biases with respect to host diversity
In our first analysis, we investigated whether geographical biases
in the distribution of sampling localities exist in relation to host
diversity. Simply plotting the occurrence of parasite samples provides some information on where past effort has been placed
(Fig. 1a; see Appendix S1 in Supplementary Material for a list of
countries where primates have not been sampled for parasites at
georeferenced locations using this version of the database). However, these plots tell us little about the distribution of primates,
which is important because gaps can only exist in relation to
where members of a host species occur. Thus, all sampling localities were mapped in  8.3 and examined in relation to the
distribution and densities of free-living primate species. Grids of
several resolutions (1, 4, 9, 12, and 25 square-degrees) were overlaid
on Africa, Asia, and the Americas and used to calculate the total
number of primate species and the number of sampling localities per
grid cell. Ordinary Least Squares (OLS) and spatial autoregression
models were used to determine if the number of sampling localities per cell was associated with the number of primate species
present in that cell. Resulting residuals were mapped using ,
with negative residuals indicating sampling gaps.
We also performed an analysis based on quantile subtraction.
A neighbourhood contour analysis using Cook’s criteria was
applied to the map of sampling localities for spatial smoothing.
In this analysis, a moving window was applied in which the value
of each grid cell was designated as the mean value of all cells
within a distance of two cells from the focal cell. Cell values for
mean smoothed densities of sampling localities and the original
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Figure 1 Global distribution of sampling localities: (a) Sampling localities at which at least one primate species has been sampled for any type
of parasite; (b) Smoothed sampling densities measured as the mean number of sampling localities per 1 square-degree cell, with quantile values in
parentheses. Red values indicate areas with the highest sampling effort. Maps are displayed using Aitoff ’s projection at a scale of 1 : 200,000,000.

primate species density map were divided into 10 quantiles. For
each grid cell, the quantile value (ranging from 1 to 10) for parasite
sampling density was subtracted from the quantile value for primate
abundance (also ranging from 1 to 10), the primary assumption
being that the highest sampling effort should occur in areas with
the highest primate species diversity in order to accurately capture
the full range of parasites that infect non-human primates. Individual cell difference values were then mapped according to how many
standard deviations this difference value fell from the mean difference value for all cells with at least one primate species. Negative
values indicate areas that are relatively oversampled in relation to
primate abundance, while positive values indicate that areas are
relatively undersampled in relation to primate abundance.
Quantify geographical gaps with respect to primate taxonomic
sampling
Although the first goal identifies geographical biases in the distribution of sampling localities in relation to host diversity, it does not
incorporate information on which primates were sampled at
localities. To account for host taxonomy, a list of all unsampled
primate species was generated (see Appendix S2 in Supplementary
Material), as was a list of all unsampled primate species for which

no other primate has been sampled within their entire range. The
ranges of the resulting species from both lists were mapped individually and the density of these species per grid cell was calculated.
The proportion of unsampled species in each grid cell was calculated
by dividing the number of unsampled species per grid cell by the
number of species present in that cell, and the results were mapped.
To obtain a quantitative measure of the number of species needed
to be sampled in a given cell in order to reach mean sampling
levels, we calculated the ‘sampling gap’ as Si = (m−pi)ti, where m is
the mean proportion of sampled species across all cells, p is the
proportion of sampled species in cell i, and t is the total species
present in cell i. Positive values of Si indicate the number of species
that need to be sampled in order to reach the worldwide mean
proportion of species sampled per cell. Negative values indicate
the number of species sampled above mean proportions. A list of
protected areas with the highest Si values (see Appendix S3 in
Supplementary Material) was also generated by overlaying a map of
world protected areas (UNEP-WCMC, 2005) upon the analysis grid.
Quantify geographical gaps with respect to host threat status
Threatened species of primates could be especially vulnerable to
disease threats, particularly spill-over of generalist parasites that
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can be harboured in more abundant non-threatened mammalian hosts (McCallum & Dobson, 1995; Daszak et al., 2000; Gog
et al., 2002). Incorporating host threat status is important for
identifying the most critical geographical areas and species to
sample. To incorporate threat status, each species in our analyses
was cross-referenced with the IUCN 2006 Red List, and its conservation status classified as: 1 — Not Listed (i.e. species of least
concern or those not evaluated); 2 — Threatened (includes ‘near
threatened’); 3 — Vulnerable; 4 — Endangered; or 5 — Critically
Endangered. The analyses described for Goals 1 and 2 were then
repeated for all primate species with IUCN classifications of 2
and higher. Endangered species were also considered separately
by mapping the density of unsampled ‘endangered’ primate
species (classifications of 4 and 5) per grid cell.
Quantify geographical gaps with respect to parasite taxonomy
Certain types of parasites, such as bacteria, protozoa, and viruses,
are more likely to be emerging zoonotic diseases (Taylor et al., 2001;
Woolhouse & Gowtage-Sequeria, 2005), raising the question as
to whether sampling for particular parasite types is biased geographically. We conducted analyses to address this question by
separating each geographically referenced parasite record by taxonomic group (arthropods, bacteria, fungi, helminths, protozoa,
and viruses). We then mapped and compared locality patterns
across continents for each parasite group. In addition, we separated all records in which a primate was sampled for a zoonotic
or emerging zoonotic disease and mapped the smoothed mean
density of these localities per cell.
RESULTS
Distribution of sample points
A total of 1473 records with unique host-parasite-author-location
combinations could be georeferenced, constituting 43.9% of all
records present in the GMPD. Sampling took place at 248 different
locations, with the most sampling effort concentrated in Africa
and the least effort in Asia (Fig. 1a). When smoothed neighbourhood values were considered (Fig. 1b), East Africa emerged as the
region with the highest sampling effort (up to nine sites per 1
square-degree area), while large portions of East and South-East
Asia, south-west Africa, and the South American Amazon
remain unsampled. These patterns were consistent when using
different grid resolutions; thus, all subsequent results are presented for a 5017 grid-cell network of 1 square-degree resolution.
Identification of sampling gaps

have been sampled at georeferenced locations in the GMPD,
with 48.0% of Old World primate species and 43.5% of New
World primate species sampled for at least one parasite at some
location across their geographical ranges. Among Old World
primates, African primates have received more than twice as much
attention as Asian primates (61.3% of African species have been
sampled vs. 28.8% of Asian species). The best-studied primate
genus is Papio, which accounts for 36.4% of all georeferenced
sampling records in GMPD (537 of 1473 records, representing
69 localities).
OLS regression analyses revealed a significant positive relationship between the number of primate species per cell and
the number of sampling localities per cell (b = 0.0052, P < 0.001
for 1 square-degree resolution), but the overall explanatory
value of the model was poor (r2 = 0.0081) and residuals from
this model demonstrated significant spatial autocorrelation
(Lagrange Multiplier = 173.2, P < 0.001, neighbourhood matrix
based on first-order Rook Contiguity). Spatial autoregressive
models accounting for neighbourhood trend effects had slightly
better overall explanatory power (e.g. SAR: b = 0.0067, P < 0.001,
R2 = 0.05), but 95% of the variation in sampling effort still could
not be explained by the number of host species present in a
given area.
When primate densities were separated into 10 quantiles and
compared to smoothed sampling locality quantiles, areas with
high primate species diversity often failed to correspond to areas
with high densities of parasite sampling in the GMPD. This effect
is easily seen by comparing Figs 1b and 2a. When quantile subtraction was performed (Fig. 2b), areas with the highest overall
primate species density (i.e. West/Central Africa and the
Amazon) remained those with the greatest discrepancy between
species density and sampling point density. Thus, areas with
the greatest primate diversity are understudied with respect to
parasites.
Quantification of geographical gaps with respect to primate
taxonomy
When the density of unsampled primate species was calculated
across the world, large portions of the Amazon, West-Central Africa,
and South-East Asia demonstrated the highest values (Fig. 2c).
In these areas, the number of primate species that needs to be
sampled to reach mean levels can be as high as six species (Fig. 2d).
In addition, in areas of Asia and South America, many species
still exist for which no primate of any species has been sampled
for parasites at a georeferenced locality within their entire range
in the GMPD (Fig. 3a), and in many areas, the proportion of
unsampled species in a given cell reaches 100% (Fig. 3b).

Quantification of geographical biases with respect to host
distributions

Quantification of geographical gaps with respect to host threat
status

Primate species density ranges from one primate species per 1
square-degree cell in Mexico and Japan, to 23 primate species per
1 square-degree cell in Central Africa and interior portions of the
Amazon (Fig. 2a). In total, 87 of the 189 primate species considered

Of the unsampled primates, 65.7% are present on the IUCN Red
List, while only 46.0% of sampled species have any type of threat
status. The odds of being sampled were significantly greater for
non-threatened primates (1.34) than for threatened primates
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Figure 2 Quantification of geographical biases with respect to host diversity and primate taxonomic sampling: (a) Species density of primates,
with quantile values in parentheses; (b) Cell differences in quantile values between primate species density and smoothed sampling locality densities,
classified according to standard deviations from the means; (c) Number of unsampled primate species; (d) The number of primate species that
needs to be sampled per cell in order to reach mean sampling levels. Maps are displayed using Aitoff ’s projection at a scale of 200,000,000.
© 2007 The Authors
Diversity and Distributions, 13, 561–572, Journal compilation © 2007 Blackwell Publishing Ltd
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Figure 3 Unsampled primates: (a) Cell densities of primate species with geographical ranges in which no primate parasite sampling of any kind
has occurred; (b) Proportion of unsampled species within a cell. Maps are displayed using Aitoff ’s projection at a scale of 1 : 200,000,000.

(0.597) (χ2 = 7.43, P < 0.01, d.f. = 1). However, spatial regression
analyses taking into account neighbourhood effects indicated
that the number of sampling localities per cell was significantly
correlated with the total number of threatened species per cell
(SAR: b = 0.010, P < 0.001, R2 = 0.05).
The majority of threatened primates are concentrated in West
Africa, with East to South-East Asia also having high numbers
(Fig. 4a). When quantile subtraction was performed, Asia emerged
as the geographical area with the greatest discrepancy between
geographical distributions of parasite sampling and distributions
of threatened primate species (particularly parts of China,
Malaysia, Sri Lanka and Indonesia, Fig. 4b). Portions of Africa
(specifically West Africa and Madagascar) and the Amazon also
emerged as sampling gaps, but had smaller overall area. The
number of unsampled threatened primate species was greatest in
West Africa, with Asia and parts of the South American Amazon
having fewer unsampled threatened species (Fig. 4c). However,
in order to reach mean sampling levels, more threatened
primates need to be sampled in South America and Asia than
in Africa (Fig. 4d). Analyses considering solely the number of
unsampled ‘endangered’ or ‘critically endangered’ primates
(IUCN classifications 4 and 5) exhibited the same spatial trends
as those for analyses where all threatened species were considered
together (classifications 2–5).

566

Quantification of geographical gaps with respect to parasite taxonomy
One hundred and eighty-three parasite genera were represented
in the georeferenced records, and sample points for all taxa were
heavily concentrated in Africa — especially East Africa (Fig. 5).
Of the six parasite types studied, helminths were sampled most
frequently, at the most locations, and in the most host species
(Fig. 6). Fungi and bacteria were the least sampled taxonomic groups,
both in terms of the number of parasite species sampled and the
number of locations at which primates were sampled for these
parasites. Only three primate species have been sampled for fungal
parasites at georeferenced locations in the GMPD, with none of
these samples from the Americas or Asia. Bacterial parasites have
been sampled in eight primate species at georeferenced locations,
with only one sampling site located in the Americas and two in Asia.
Sampling for zoonotic diseases exhibited a pattern similar to all
diseases considered together (Fig. 7a). However, sampling sites for
‘emerging’ zoonotic diseases were comparatively under-represented
in Asia (Fig. 7b). Only two Asian sites where primates have been sampled for emerging zoonotic diseases were represented in the GMPD,
and both of these sites were located in southern India. Among
records in the GMPD, no primates in East or South-East Asia have
been sampled for an emerging zoonotic disease at a georeferenced
location (Fig. 7b). (See Appendix S4 in Supplementary Material
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Figure 4 Quantification of geographical gaps with respect to host threat status and primate taxonomic sampling: (a) Threatened primate
species density; (b) Cell differences in quantile values between threatened primate species density and smoothed sampling locality densities,
classified according to standard deviations from the mean; (c) Number of unsampled threatened primate species per cell; (d) The number of
threatened primate species that needs to be sampled per cell in order to reach mean sampling levels for threatened species. Maps are displayed
using Aitoff ’s projection at a scale of 1 : 200,000,000.
© 2007 The Authors
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Figure 5 Geographical distribution of sampling localities at which at least one primate has been sampled for parasites belonging to the
following groups: (a) arthropods; (b) bacteria; (c) fungi; (d) helminths; (e) protozoa; (f) viruses. Maps are displayed using Aitoff ’s projection at
a scale of 1 : 300,000,000.

Figure 6 Parasite sampling separated by
primate taxonomic group. Bars represent the
total number of records in the GMPD for
each parasite type, the number of locations at
which each parasite type was sampled, the
number of host species sampled for each
parasite type, and the number of parasite
genera of each parasite type documented in
geo-referenced records.

for a list of emerging zoonotic diseases for which no primate has
been sampled at a georeferenced location in the GMPD.)
DISCUSSION
Major epidemics in wild primates, such as those resulting from
Ebola (Walsh et al., 2003), have attracted worldwide attention
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and emphasize the potential negative consequences of infectious
disease for wildlife. Despite this attention, our results show that
major geographical and taxonomic sampling gaps exist in our
understanding of parasites in wild primate populations. Specifically,
we found that regardless of criteria used to define sampling gaps,
Asia, South America, and small portions of West Africa emerged
as areas that require greater sampling effort while East and South
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Figure 7 Zoonotic disease sampling: (a) Smoothed sampling densities measured as the mean number of sampling localities per 1 square-degree
cell at which a primate was sampled for a zoonotic disease, with quantile values in parentheses; (b) Smoothed sampling locality densities
measured as the mean number of sampling localities per 1 square-degree cell at which a primate was sampled for an emerging zoonotic disease,
with quantile values in parentheses. Red values indicate areas with the highest sampling effort, and maps are displayed using Aitoff ’s projection
at a scale of 1 : 300,000,000.

Africa have been sampled most intensively. We highlighted specific locations that require the most sampling effort to maximize our
understanding of worldwide geographical patterns of disease risk
in non-human primates, including the Amazon, western Africa,
China, and South-East Asia. In addition, we demonstrated that
bacteria and fungi — which account for approximately 60% of
the infectious agents known to cause disease in humans (Taylor
et al., 2001) — are undersampled numerically and geographically
in studies of non-human primate parasites. Addressing these
geographical and taxonomic biases in parasite sampling should be
an important component of future primate conservation efforts.
Many important questions remain about the role of infectious
disease in species extinctions (Smith et al., 2006). Future attempts
to understand and mitigate wildlife disease outbreaks will
require epidemiological research using a combination of two
approaches: one based on detailed study of infection dynamics in
a particular population over time, and the other using broader
knowledge of parasitism at regional and global scales. Detailed
studies at well-established sites have provided (and will continue
to provide) essential data on the impact of infection on host
survival and reproductive success, ecological and behavioural factors

that promote disease spread, and the spread of parasites among
hosts of the same and different species (Milton, 1996; Gillespie &
Chapman, 2006; Nunn & Altizer, 2006). In contrast, studies that
focus on understudied hosts, parasites, or geographical areas — such
as those we identify here — are likely to reveal previously unknown
parasites and pathogens, many of which could be essential for
understanding future disease outbreaks in wildlife and humans
in those areas. In addition, these broader-scale studies add to our
knowledge of infectious disease distributions and thus contribute
significantly to understanding the ecological and evolutionary
drivers of parasitism (Nunn et al., 2003, 2005). Ultimately, a
balance of these two approaches will lead to the greatest progress.
In identifying which understudied geographical areas to target
for future study sites, consideration should be given to factors
that could impact the sampling patterns we documented.
Although we cannot completely rule out the possibility of sampling biases arising from differential representation of foreign
language literature in the bibliographic databases used to create
the GMPD, such biases seem unlikely to account for the large
spatial gaps revealed by our analyses. The geographical gaps
we pinpointed are not restricted to areas where non-European
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languages are spoken. Moreover, as mentioned in the Methods,
the search engines used to construct the GMPD cover all major
foreign languages. The bibliographic database ‘PrimateLit’
(http://primatelit.library.wisc.edu/), for instance, includes languages spoken in areas we have pinpointed as major sampling
gaps (e.g. Portuguese, Chinese, and Japanese language papers
had 962, 895 and 1777 hits, respectively).
Possible anthropogenic and environmental factors in specific
areas seem more likely to explain observed sampling patterns.
For example, central portions of the Amazon have probably
remained relatively untouched due to the lack of infrastructure
in such a remote area. Likewise, certain portions of western
Africa and South-East Asia have also been characterized by a lack
of infrastructure and, in specific cases, political instability that
could deter research effort. Yet, while many obstacles to studies of
primate parasites remain in specific areas, the maps we provide
often show massive spatial gaps in our knowledge of primate
parasites that cover several countries and span diverse landscapes.
As a result, it is likely that there are sites within these gaps where
research could feasibly begin.
In addition to site-specific research, studies conducted at
broad taxonomic or geographical scales are needed in order to
identify host traits and environmental factors that impact disease
distributions, possibly leading to predictive maps of disease
emergence. Global analyses of disease risk in a host clade, such as
primates, will be best achieved using a combination of GIS and
comparative approaches. For example, Nunn et al. (2005) combined data on parasites in primates with geographical information on median latitude and found a greater diversity of protozoa
from wild primates that live in closer proximity to the equator.
These results suggest that climatic and biotic conditions closer to
the equator could favour the establishment and spread of protozoa, possibly by impacting the abundance of arthropods that
spread parasitic protozoa. Vector-borne protozoa cause some of
the most virulent diseases known to humans (Ewald, 1994),
including malaria and trypanosomiasis, and many of these parasites also infect non-human primates. Future analyses could
build upon current knowledge by combining information on
primate distributions with data on the environmental factors that
drive parasite abundance to better predict geographical patterns
of disease risk. However, our results highlight the need to control
for geographical sampling effort in global analyses of parasitism,
or at least to consider how sampling gaps might influence the
results of comparative and geographical studies.
Examinations of the role of multi-host parasites are also
fundamental to attempts to understand and mitigate emerging
infectious disease outbreaks, as multihost parasites can (by definition) move easily among host species, particularly in the context of anthropogenic changes that alter host ranging patterns,
resource use and contact with domesticated animals (McCallum
& Dobson, 1995; Daszak et al., 2000; Woolhouse et al., 2001; Gog
et al., 2002; Chapman et al., 2005; Woolhouse & GowtageSequeria, 2005). Research is needed to assess the risk of pathogen
spill-over to threatened species, focusing on (1) parasite characteristics that lead to host shifts or increase host range; (2) host
traits that increase exposure to new sources of infection; (3)
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compatibility between hosts and parasites, which is important
for assessing the susceptibility of different host species and predicting the outcome of disease spill-over; and (4) ecological conditions that promote spill-over events.
In conclusion, understanding the global distribution of disease risk is likely to be increasingly important for understanding
disease emergence in humans and wildlife (Daszak et al., 2000;
Ostfeld et al., 2005). Here we provided a simple tool to identify
sampling gaps in wild primate populations and to examine patterns in relation to host threat status. Future research could tie
these approaches to other host characteristics, such as body mass
or group size, and to factors that influence research effort devoted
to parasite sampling in wild mammal populations, including
climate, human population density, and political instability.
Similarly, greater understanding will emerge if studies of sampling gaps are linked with details on the biotic, anthropogenic,
and climatic factors that lead to disease establishment in natural
populations, including factors that lead to uneven distributions
of parasites themselves.
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