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NEWS AND PERSPECTIVES
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Abstract Group size is related to parasite infections in
primates. This relationship probably reflects the fact that
group size is associated with body contact between group
members and with contact with contaminated items in the
environment. The latter is highly associated with range use.
In the present study we hypothesized that if infection by
directly transmitted parasites (DTP) is mainly determined
by the exposure of individuals to parasites that accumulate
in the environment, and group size correlates negatively
with the intensity of home range use, then smaller groups
should be more infected by DTP. Additionally, groups that
share a higher proportion of their home range with other
groups should be more infected. To test our hypothesis we
observed and collected fecal samples of two groups of
Alouatta palliata (large group size) and two groups of A.
pigra (small group size) that live sympatrically in a forest
fragment located in Macuspana (Mexico). Group size was
positively correlated with range area size and negatively
correlated with the intensity of home range use. Range use
variables were not related to either DTP prevalence or load.
However, there were significant differences in DTP loads
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between groups, which were positively correlated with
group size. Our results suggest that the intensity of home
range use is a poor predictor of DTP infection parameters
in groups with marked differences in size. Therefore, it is
possible that the individual or combined effects of other
ecological (e.g., microclimate), social (e.g., contact rate),
or physiological (e.g., immune function) factors are
more important in the dynamics of DTP in free-ranging
primates.
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Introduction

Epidemiological models point to strong links between host
density or local group size and the spread and diversity of
directly transmitted parasites (DTP, i.e., parasites with a
fecal-oral transmission route; Anderson and May 1979).
This has been supported by data from comparative studies
in vertebrates (e.g., Mgller et al. 1993; Cote and Poulin
1995; Arneberg 2002), including primates (Vitone et al.
2004), and by a handful of empirical studies in free-ranging
primate populations (e.g., Freeland 1976, 1979; Chapman
et al. 2005; Gillespie and Chapman 2006; Mbora and
McPeek 2009), including howler monkeys (Alouatta: Stu-
art et al. 1990; Gilbert 1994; Stoner and Gonzalez-Di
Pierro 2005; Trejo-Macias et al. 2007).

In primates, two alternative underlying mechanisms for
the relationship between DTP infections and group size
have been investigated: contact between group members
and contact of individuals with contaminated items in their
environment (Chapman et al. 2009). The former predicts a
positive relationship between group size and DTP
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infections, whereas when group size correlates positively
with home range size, the latter predicts a negative
relationship.

Contact with contaminated items is strongly associated
with ranging patterns, as the way a group uses its home
range and travels throughout its environment should influ-
ence the probability of contacting infected areas (Chapman
et al. 2009). This prediction has been supported recently by
an interspecific comparative analysis of 119 primate spe-
cies, which found that increases in range use intensity led to
increased parasitism by DTP (Nunn and Dokey 2006).
However, this finding remains to be confirmed and extended
to intrageneric and intraspecific comparisons.

Transmission of DTP can be affected by the number and
duration of contacts with contaminated feces (Freeland
1979; Anderson and May 1991; Ezenwa 2004). For
instance, animals restricted to small areas or those that use
their range more intensively may be more infected (parasite
prevalence: Ezenwa 2004; parasite load: Stoner 1996) and
reinfected by DTP (Freeland 1976, 1980). Therefore,
repeated use of the same contaminated areas by group
members or neighboring groups should lead to higher par-
asite prevalence (i.e., proportion of infected individuals in a
group; Nunn and Dokey 2006; Chapman et al. 2009) and
loads (i.e., parasite eggs per gram of feces; Stoner 1996).

The two species of howler monkeys that occur in
Mexico (Alouatta palliata and A. pigra) have allopatric
distributions throughout most of their distributional range,
but live sympatrically in the state of Tabasco, near Mac-
uspana (Smith 1970; Cortés-Ortiz et al. 2007). Group size
varies significantly between these species, with Alouatta
palliata groups (mean = 14.9 individuals; maximum
group size = 45 individuals) being on average more than
two times larger than A. pigra groups (mean = 6.2 indi-
viduals; maximum group size = 16 individuals; Di Fiore
and Campbell 2007). This difference between closely
related species that live in an area where they face similar
environmental conditions offers an excellent opportunity to
investigate the underlying mechanisms leading to the
relationship between group size and DTP infections. To
address this question, in the present study we hypothesized
that if infection by DTP is mainly determined by the
exposure of individuals to parasites that accumulate in the
environment, and group size correlates negatively with the
intensity of home range use, smaller groups should be more
infected by DTP. Therefore, smaller Alouatta pigra groups
were expected to have smaller home ranges, which they
should use more intensively, and as a consequence, present
higher DTP prevalence, richness, and load. Additionally,
groups that share a higher proportion of their home range
with other groups should be more infected.
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Methods
Study site and subjects

For this study, we focused on a forest fragment located
inside a private cattle farm (17°38.2' N, 92°40.1’ W) in the
Macuspana area. This fragment has a total forested area of
18.6 ha, from which ca. 60% represents suitable habitat for
howlers. The remaining habitat corresponds to palm tree
plantations and bushes <2 m high. The fragment is
inhabited by two Alouatta pigra and two A. palliata
groups. These groups are frequently in close proximity
(10-20 m), and at times groups from different species rest
in the same tree or feed from the same tree simultaneously.

The two Alouatta pigra groups had the same size (six
individuals) and a si composition. The first Alouatta
pigra group (called 1 hereafter) comprised one adult
male, three adult females, and two juveniles. The second
Alouatta pigra group (called API-2 hereafter) comprised
one adult male, two adult females, two juveniles, ane
infant. The first Alouatta palliata group (called Ar=s-1
hereafter) had 25 individuals, of which four were adult
males, 12 were adult females, seven were juveniles, and
two were infants. The second Alouatta palliata group
(called APA-2 hereafter) comprised 15 individuals, with
three adult males, eight adult females, three juveniles, and
one infant. All individuals could be identified by facial
features, scars, broken fingers, and genital morphology, as
well as color patterns on their feet and tail (for Alouatta
palliata).

Use of space

From February to June 2010, each group was followed for
80 h to collect ranging data. During each observation day,
we performed 60-min focal animal samples, during which
we tagged and located, with a handheld global positioning
system, each tree where the focal animal was observed.
Focal observations were evenly distributed across all adult
individuals in each group. All trees used by the focal ani-
mals were digitized as points with ARC VIEW 3.2
(Environmental System Research Institute, Redlands, CA,
USA). We superimposed a 25 x 25 m grid cell system on
this point map, and calculated the total number of quadrats
used per group and the number of occasions each quadrat
was entered by each group. Additionally, according to the
number of occasions each quadrat was entered, we classi-
fied quadrats as lightly (1-2 visits), moderately (3—4 visits),
or heavily (=5 visits) used. To quantify spatial overlap
between groups, we calculated the proportion of quadrats
each group shared with other groups.
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Fecal sample collection and laboratory analysis

Fresh fecal samples were collected immediately after def-
ecation whenever they could be matched with individuals.
Samples from juveniles and infants were not used in this
study, as several individuals in these age classes could not
be consistently recognized. We collected at least three fecal
samples (range 3-9) from each adult (i.e., 34 individuals)
on non-consecutive days. A total of 211 samples were
collected.

Fecal samples were preserved in plastic vials with 10%
buffered formalin until analyzed at the Laboratorio de
Parasitologia, Facultad de Medicina Veterinaria y Zootec-
nia, Universidad Veracruzana (Veracruz). Samples were
processed using a flotation technique with sodium chloride
solution (specific gravity 1.20; Trejo-Macias et al. 2007),
using 3 g of feces. One slide per sample was systematically
scanned for parasite eggs or cysts. Size, color, and mor-
phology of parasite eggs were used to identify parasites to
genus level (Osorio et al. 2009).

Infections by DTP were described in terms of parasite
prevalence and load. Parasite richness was not examined in
the present study, as only one genus of DTP was identified
and was present in each of the four groups. Prevalence is
the proportion of individuals sampled that are infected with
a particular parasite (Chapman et al. 2009). Parasite egg
production or load is the number of parasite eggs per gram
of feces (Chapman et al. 2006a). Although this measure
can be highly variable (Gillespie 2006), it may provide a

| ® | Unused quadrats
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quantitative description of actual infection intensity
(Chapman et al. 2006a). Parasite load was determined with
a McMaster counting chamber (Osorio et al. 2009).

Data analyses

We used y” tests for similar expected frequencies to
compare among groups: the total number of quadrats used;
the proportion of lightly, moderately, and heavily used
quadrats; the proportion of quadrats shared with other
groups; and parasite prevalence and load. To correlate
parasite prevalence and load with both ranging variables
and group size, we used Spearman correlations. Statistical
significance was set at o < 0.05.

Results
Intensity of home range use

During the 320 h of observations the four groups used a
total of 216 quadrats, corresponding to an area of 8.64 ha
(i-e., 46.53% of the total forested area). Group API-1 used
4.31 ha, API-2 used 2.93 ha, APA-1 used 5.87 ha, and
APA-2 used 5.25 ha (Fig. 1). The total number of quadrats
entered at least once differed significantly among groups
(Table 1), with Alouatta pigra groups using fewer quadrats
than A. palliata. A similar trend was observed for lightly
used quadrats, whereas the opposite occurred for

M

A. pigra quadrats
pre
VA A palliata quadrats

E No. groups sharing quadrats

Fig. 1 Intensity of home range use by four groups of howler monkeys in a forest fragment: a Alouatta pigra (API)-1, b API-2, ¢ Alouatta

palliata (APA)-1, d APA-2, e all groups
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Table 1 Comparisons of intensity of home range use and parasitosis
among four groups of howler monkeys

API-1 API-2 APA-1 APA-2 /%
Total number of quadrats® 69 47° 94 84 17.05%%*
Lightly used quadrats (%) 62.3° 723  97.9° 869 9.26*
Moderately used 348" 170 21° 13.1 32.95%%*
quadrats (%)
Heavily used 2.9 10.6° 0 0 22.38%*
quadrats (%)
Shared quadrats (%) 50.7 76.6°  48.8 40.4 13.55%*
DTP prevalence (%) 833 100 80 923 2.76"™*
DTP load (eggs/g) 156.3° 1650 244.6° 237.5  32.54%x

API Alouatta pigra; APA Alouatta palliata; DTP directly transmitted par-
asites; n.s. non-significant

* P <0.05, #* P < 0.001
% Quadrat size 25 x 25 m

® Group contributing large proportion of non-randomness

moderately and heavily used quadrats. The percentage of
shared quadrats varied significantly, with Alouatta palliata
groups sharing less space with other groups than A. pigra.

Parasite infections

We found eggs of a single species of DTP, the nematode
Trypanoxyuris sp., which was present in each of the four
groups. Overall, the proportion of infected individuals in
the groups was high (>80%) and no clear pattern could
be identified in Trypanoxyuris sp. prevalence (Table 1).
Parasite loads varied significantly among the groups,
with Alouatta palliata groups showing higher loads than
A. pigra groups. Parasite prevalence and parasite loads
were not associated with ranging variables (P > 0.05 for
the ten tests). Parasite loads were positively correlated with
group size (ry = 0.94, P < 0.05).

Discussion

Group size was correlated negatively with the intensity of
home range use, as predicted in our hypothesis, because
Alouatta pigra groups used fewer quadrats than A. palliata
and used moderately and heavily used quadrats more than
A. palliata. This finding converges with previous research
(e.g., Milton and May 1976) and probably reflects the
effects of increased within-group resource competition in
larger groups (Gillespie and Chapman 2001; Chapman
et al. 2009), which forces larger groups to travel further and
use larger home ranges (Chapman et al. 2009). However,
contrary to our hypothesis and previous interspecific
comparative analyses (Nunn and Dokey 2006), smaller
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groups were not more parasitized than larger groups.
Prevalence was similar across groups, and parasite loads
were higher in Alouatta palliata groups. Furthermore,
groups that shared a higher proportion of their home range
with other groups were not more infected. Therefore, in
this study, either individuals that used more intensively
their home range did not contact contaminated items in
their environment more often, or other mechanisms, such
as increased contact between group members in the larger
groups, or increased contact between individuals and par-
asites when the home range size is larger, may have been
responsible for the observed results.

Previous studies of non-sympatric populations of Alou-
atta palliata and A. pigra found no differences in parasit-
ism patterns between species, suggesting that our result is
not due to species differences in vulnerability to parasitism
(e.g., Vitazkova and Wade 2006; Trejo-Macias et al. 2007;
Alvarado-Villalobos 2010; Cristobal-Azkarate et al. 2010;
Valdespino et al. 2010). However, the present study does
not allow discarding phylogenetic history or other behav-
ioral differences between the two species as potential
predictors for the observed patterns of DTP parasitism. For
instance, differences in immune function or response could
explain why parasite loads differed significantly among
groups (Nunn et al. 2000; Nunn 2002).

Although API-2 had significantly more shared quadrats
than the other groups, all groups had overlapping home
ranges. For parasites that accumulate in the external envi-
ronment, physical contact between hosts is not required for
successful transmission, and spatial overlap between sym-
patric hosts is sufficient for cross-species parasite trans-
mission. The effect of habitat overlap on generalist parasite
prevalence and abundance (i.e., load) has been demon-
strated in African ungulates, where increased range overlap
results in increased parasite infection rates (Ezenwa 2003).
Alouatta palliata groups visited moderately and heavily
used quadrats occupied by A. pigra groups on several
occasions (M.G.H., personal observation). It is therefore
possible that overlap zones pose higher infection risks for
A. palliata individuals, resulting in higher infection or
re-infection rates (Altizer et al. 2003). This would explain
the higher parasite loads in this species, and link DTP
infections with ranging dynamics. Furthermore, future
research should try to disclose the effect of spatial con-
finement on the ranging patterns of groups. It is possible
that in a larger habitat home ranges would be larger,
overlapping areas would be smaller, and intensity of habitat
use would be lower, resulting in different patterns of
infection risk and parasitism.

In forest fragments, edge effects frequently result in
higher within-fragment variations in vegetation structure,
which in turn, affect microclimate (e.g., Didham and
Lawton 1999). Differences in microclimate, particularly
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humidity and temperature, could have a strong effect on the
survival of infective stages of parasites in the environment
(Stuart and Strier 1995), and consequently, in transmission
probabilities via contact with contaminated substrates
(Snaith et al. 2008). For instance, quadrats with high
humidity could pose a higher infection risk (Stoner 1996).
Additionally, spatial variation in the distribution of para-
sites in the environment may account for variation in host
infection (Mgller et al. 1993). Such an effect has been
proposed to explain differences in parasite infections in
primate groups inhabiting the edges versus interiors of
fragments in Africa (Chapman et al. 2006b). We did not
record microclimate data for our study area, so further
research will have to be conducted to assess whether
microclimate variation affects the relationship between
group size, space use intensity, and DTP infections.

Among primates, time spent being social (Dunbar 1991)
and the number of social interactions often increase with
group size (Chapman et al. 2009). If DTP are transmitted
during social behavior then individuals living in larger
social groups may on average be more infected by DTP
than individuals living in smaller groups (Mgller et al.
1993). For instance, empirical evidence for a positive effect
of group size and increased physical contact on protozoa
richness has been reported in mangabeys (Cercocebus
albigena; Freeland 1979). It is possible that increased
sociality is responsible for the higher parasite loads
observed in the larger groups of Alouatta palliata in the
present study. Our results are in accord with the hypothesis
that social contact between group members is the dominant
mechanism driving the relationship between group size and
parasitism.

In conclusion, our results suggest that the intensity of
home range use is a poor predictor of DTP infection
parameters in groups with marked differences in size, as
in the present case of sympatric Alouatta palliata and
A. pigra. However, parasite loads were positively corre-
lated with group size. Therefore, it is possible that the
individual or combined effects of other ecological (e.g.,
microclimate), social (e.g., contact rate), or physiological
(e.g., immune function) factors are more important in the
dynamics of DTP in free-ranging primates.
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