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Introduction

The earth’s climate has warmed by �0.6�C over the past

100 years and some estimates suggest that the climate

could warm by 5.8�C this century (IPCC, 2001; Walther

et al., 2002). Today, with many animal populations iso-

lated in protected areas or being limited to high elevations,

their flexibility to respond to climate change by shifting

their range is limited (Dunbar, 1998; Mcclean et al., 2005;

Chapman, Lawes & Eeley, 2006a). Although it is impor-

tant to identify the changes in animal populations caused

by climate change that are most obvious, like loss of

habitat, it is also essential to recognize the subtle or cas-

cading changes that may also affect populations. Such

changes may have just as substantial an impact on animal

populations as the apparent impacts of climate change

(Lovett, Midgley & Barnard, 2005). One potential effect of

climate change may be an alteration of host–parasite

dynamics.

In the human medical literature, connections between

climate and disease are well established, with specific dis-

eases occurring during certain seasons or in association

with specific unseasonable conditions. For example, in sub-

Saharan Africa, meningococcal meningitis epidemics

occur during the hot dry season (Patz et al., 1996). Simi-

larly, in the United States, 68% of waterborne disease

outbreaks, such as Giardia and Cryptosporidium, are pre-

ceded by heavy rain events (Hunter, 2003).

The objective of this study was to use small-scale spatial

variation in climate to investigate whether such variation

corresponds to differences in disease dynamics. We studied

how indices of gastrointestinal parasite infections of black-

and-white colobus (Colobus guereza) monkey groups in

Kibale National Park, Uganda varied as a function of

whether the group inhabited wet or dry habitats. At one

site (Kanyawara), we sampled five groups that frequented

swampy lowlands and nine groups that ranged in drier

uplands. Subsequently, we compared the same upland

groups at Kanyawara to upland groups that were 30 km

south in a region receiving 361 mm rainfall less each year

(Mainaro). We predicted that groups in the wetter habitats

would exhibit elevated gastrointestinal parasite infections

relative to groups in drier areas (i.e., elevated prevalence,

abundance and ⁄ or species richness). For gastrointestinal

parasites this is a reasonable prediction because many of

the conditions that promote transmission are influenced by

climatic conditions. For example, increased rain is thought

to allow parasite eggs and infective stage larvae to persist

in the environment longer and thus increase infection risk

(Grove, 1989; Gillespie, 2001).

Materials and methods

Kibale National Park, Uganda (0�13¢–0�41¢ N and 30�19¢–
30�32¢ E) is a moist-evergreen forest receiving approxi-

mately 1719 mm of rainfall annually (1990–2006), but it

receives �300 mm more rainfall ⁄ year than it did at the

start of the twentieth century (Fig. 1). Other climatic

changes include less frequent droughts, an earlier onset of

the rains and an increase of just over 4�C in average

maximum monthly temperature over 33 years (Fig. 1).

These changes are much higher than global averages

(IPCC, 2001; see Altmann, Alberts & Roy, 2002; for a

similar example from East Africa). The study took place at

two comparably forested sites: Kanyawara (1500 m; rain-

fall 1712 mm) and Mainaro (1394 m; rainfall 1351 mm).*Correspondence: E-mail: colin.chapman@mcgill.ca
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Kanyawara is 30 km north of Mainaro and receives

361 mm more rain. Sites were selected to minimize

potentially confounding variables that could influence

parasite infections. The upland and lowland sites at Kan-

yawara were in close proximity, thus differences in forest

composition were minimal and limited to the abundance of

trees specializing in swamps. With respect to Kanyawara

and Mainaro, while the species compositions of these forests

differed, the species richness of the tree community was

similar, as was the average size of the trees (Chapman et al.,

1997). With the exception that Cercopithecus mitis was

absent from Mainaro, primate densities at the sites were

roughly similar (Chapman & Lambert, 2000).

At Kanyawara, we collected faecal samples from groups

that frequented wet lowland areas (56 samples from five

groups) and groups that were only found on the drier

uplands (73 samples from nine groups), while at Mainaro

we collected only from upland groups (67 samples from ten

groups). All samples were collected in May and June of

2005 and 2006 to minimize seasonal effects. Black-and-

white colobus have small home ranges (6.7–32.8 ha;

Harris & Chapman, 2007); thus, it is unlikely that the

colobus from the wet area at Kanyawara traveled to the

dry area or vice versa. Faecal samples for parasite analysis

were stored in 10% formalin and processed using con-

centration by sodium nitrate flotation. Parasite eggs and

larvae were counted and identified on the basis of egg

color, shape, contents and size.

The parasite community described from Kanyawara

included the following nematodes: Trichuris sp. (Super-

family Trichuroidea), a strongyle that we believe to be

Oesophagostomum sp. (Superfamily Strongyloidea), and an

unidentified strongyle. We also identified two protozoans,

likely Entamoeba coli and E. histolytica ⁄ dispar. E. histolytica

and E. dispar have cysts that are morphologically indis-

tinguishable; and it was only recently that E. dispar was

considered a distinct species (Gatti et al., 2002). However,

E. histolytica is pathogenic, while E. dispar is not. Due to the

small sample size of the unidentified strongyle and Ent-

amoeba coli and E. histolytica ⁄ dispar, these species were not

contrasted among habitats. At Mainaro, we identified

Trichuris sp. and an unidentified strongyle, but not

Oesophagostomum sp. The unidentified strongyle and Ent-

amoeba were included in the calculation of species richness.

At each of the collection locations we attempted to get

one sample from each individual in the group excluding

infants; however since individuals were not individually

identifiable it was possible that some female could have

been sampled more than once. The groups typically have

only one adult male, and if not they were identifiable, thus

we are relatively confident that males were not repeatedly

sampled. Subsequently, we took the average for the group

for each indices of parasite infection and contrasted pop-

ulations using Mann–Whitney tests using the group mean

as the unit of comparison.

Results and discussion

Parasite abundance was higher for Trichuris sp. infections

in the wet lowlands than the dry highlands of Kanyawara

(Trichuris sp. U = 8.00, P = 0.027; lowland mean = 95.4,

highland mean = 41.8) and there was a tendency for the

abundance of Oesophagostomum sp. to be higher in the

lowland as well (Oesophagostomum sp. U = 15.00, P =

0.0.082, lowland mean = 0.044, highland mean =

0.008). The prevalence of Trichuris sp. and Oesophagosto-

mum sp. did not differ between the lowland and upland

sites (Trichuris sp. U = 18.00, P = 0.090; Oesophagosto-

mum sp. U = 15.00, P = 0.080). As predicted, the rich-

ness of the parasite community in groups in the wet

lowlands at Kanyawara was higher than that of groups in

the dry upland (Mann–Whitney U = 3.50, P = 0.005;

swamp = 1.40; upland 1.07 species).

At the drier Mainaro site, we identified Trichuris sp. and

an unidentified strongyle, but not Oesophagostomum sp.

The abundance of Trichuris sp. was higher at the wet site

(mean = 41.8) when compared to the drier Mainaro site

(mean = 18.33, U = 9.0, P = 0.002). As predicted, the

prevalence of Trichuris sp., was higher at the wet site
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Fig 1 The 10 year running average of the annual rainfall in the

area of Kibale National Park, Uganda and an inlay of the average

monthly temperature since 1975.
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(mean = 100) than at the drier site (mean = 79.35,

U = 22.50, P = 0.009). The richness of the parasite

community in groups in the wet Kanyawara upland site

was higher than that of groups in the dry Mainaro site

(U = 15.00, P = 0.024), but the biological importance of

this difference is questionable because richness in both

populations is low (Kanyawara upland = 1.07, Mainaro

upland = 1.01 species).

We documented that colobus groups that frequented

wetter areas showed elevated indices of parasite infections

as compared to groups in drier areas or regions (see also

Stoner, 1996). While some argue that gastrointestinal

parasites have little impact on host populations (Munger &

Karasov, 1989), others present evidence of biologically

significant impacts, particularly when the host population

is nutritionally stressed (Coop & Holmes, 1996; Chapman

et al., 2006b).

The population effects of such changes in parasite

infections remain to be evaluated for these monkeys.

However, since a 32-year record of plant phenological

patterns suggests that climate change in this region has led

to periods of food scarcity causing nutritional stress in

primates (Chapman et al., 2005), and since stress has been

shown to increase the biological significance of parasite

infections in colobus monkeys (Chapman et al., 2006b),

the impact of climate change on host–parasite interactions

should receive more detailed study. This study has a lim-

ited sample size, could not control for ecological factors like

group size, and represents a pseudoreplicated design within

one park, thus it should be interpreted with caution.

However, the findings do suggest that interactions between

climate and parasitism deserve more attention.
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