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Abstract Translocation programs releasing animals into the wild need to assess the
potential risks associated with the exchange of parasites and other pathogens
between native and translocated species. We assessed the composition of the parasite
communities in sympatric native and introduced primates. Over a 3-yr period we
monitored the gastrointestinal parasites of 3 primate species living in the isolated
ecosystem of Rubondo Island National Park, Tanzania: translocated chimpanzees
(Pan troglodytes) and guerezas (Colobus guereza) and the indigenous vervets
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(Chlorocebus aethiops pygerythrus). We detected Troglodytella abrassarti and
Enterobius cf. anthropopitheci only in chimpanzees and Chilomastix mesnili in
chimpanzees and guerezas. In vervets, we recorded Anatrichosoma sp. and Subulura
sp., previously reported in Rubondo chimpanzees. We found Blastocystis sp.,
Giardia sp., Iodamoeba buetschlii, Entamoeba coli, Entamoeba spp., Trichuris sp.,
Strongyloides spp., spirurids (cf. Protospirura muricola), and undetermined strongylids
in all 3 primate species. Considering the absence of Protospirura muricola in other
wild populations of chimpanzees and guerezas, it has probably been acquired from the
native vervets, as have Anatrichosoma sp. and Subulura sp. Lower parasite load in
Rubondo chimpanzees, in comparison with wild populations at other study sites of this
species, might be due to their stay in captivity in Europe before being released on the
island. Despite a lack of any apparent health problems from infections in introduced
Rubondo primates, parasite monitoring during reintroduction/introduction projects is
necessary to decrease potential risks resulting from the exchange of parasites between
translocated and native species.
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Primate introduction

Introduction

An overall decrease in biodiversity bringing hundreds of species to the brink of
extinction (or beyond) is undoubtedly one of the most serious effects of global
change. To enhance the survival of endangered species, translocation programs,
including introductions, reintroductions, and restocking, have been launched
worldwide (IUCN 1987, 1998). However beneficial these attempts are, they
inherently bring several potentially adverse effects. One of the most serious risks
is the introduction of new pathogens into the environment by the translocation of
animals, which can result in undesirable consequences for indigenous species (Deem
et al. 2001; McCallum and Dobson 1995; Viggers et al. 1993; Woodford and
Rossiter 1993). This risk increases if the released animals have been kept in captivity
before their release (Cunningham 1996). Conversely, released animals may be
affected in their new environment by a wide range of local pathogens (Davidson and
Nettles 1992; Viggers et al. 1993; Woodford and Rossiter 1993). Introduction of new
hosts may also influence existing host-parasite relationships in the area (Cunningham
1996). For example, the introduction of brushtail possum (Trichosurus vulpecula)
has provided a new and widespread host for bovine tuberculosis with resultant
transmission of the disease to farm cattle and deer in New Zealand (Cowan and
Rhodes 1992; Viggers et al. 1993).

Translocation programs focused on primates are conducted in the tropics
worldwide (Beck et al. 2007; IUCN 2002). Released primates widely interact not
only with the indigenous animals, especially with primates, but also with a plethora
of their parasites and other pathogens. Studies of parasite fauna of free-ranging
African primates are widespread (Ashford et al. 2000; Gillespie et al. 2004, 2005a;
Huffman et al. 1997, 2009; Legesse and Erko 2004; Mbora and Munene 2006;
Muehlenbein 2005; Okanga et al. 2006). Some studies have provided an assessment
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of the parasite community of sympatric primate species (Pan troglodytes troglodytes
and Gorilla gorilla gorilla: Landsoud-Soukate et al. 1995; Pan troglodytes and Papio
spp.: McGrew et al. 1989a; Pan troglodytes and Papio cynocephalus anubis: Murray et
al. 2000; Pan troglodytes troglodytes, Gorilla gorilla gorilla and Cercocebus agilis:
Lilly et al. 2002; Cercopithecus (aethiops) sabaeus and Erythrocebus patas patas:
McGrew et al. 1989b; Procolobus rufomitratus and Cercocebus galeritus: Mbora and
Munene 2006). However, studies of the gastrointestinal parasites of primates released
into the wild are scarce, although some researchers have focused on orangutans (Collet
et al. 1986; Kilbourn et al. 2003; Mul et al. 2007). To the best of our knowledge, there
are no studies comparing the parasite fauna of released primates and sympatric
indigenous primate species.

We monitored and compared the gastrointestinal parasite fauna of 2 released
primate species (chimpanzees: Pan troglodytes; guerezas: Colobus guereza) and 1
indigenous species (vervets: Chlorocebus aethiops pygerythrus) living in the isolated
ecosystem of Rubondo Island National Park, Tanzania. We identified parasites that
were specific to a particular host species, parasites that occurred in all primates, and
parasites that the released species may have acquired from the indigenous fauna. We
also report on parasite prevalence, parasite richness, and seasonality of parasite
infections. Finally, we compare the composition of parasite communities of
Rubondo primates with the populations of the same species at other wild sites to
clarify possible changes associated with their introduction.

Methods

Study Site and Primate Populations

The 240-km2 Rubondo Island is situated at the southwest corner of Lake Victoria (2°
18′S, 31°50′E). The island became a forest reserve in 1928. In 1965 the Tanzanian
government declared Rubondo a game reserve and in 1977 it was formally declared
a National Park, together with 11 small surrounding islets and a large portion of the
surrounding lake. Approximately 70% of the habitat comprises mixed evergreen and
semideciduous forest. Grassland areas occur sporadically over the island, but are
more dominant in the far southern regions (Moscovice et al. 2007). The climate of
Rubondo Island includes an annual rainy season from October to May with 2 peaks,
1 in December and 1 in April/May. The dry months from June to September have
little or no rainfall. Average annual rainfall is ca. 1200 mm, and the temperature
varies between 17 and 29°C.

The original policy for Rubondo was that the island should be a sanctuary for
Tanzanian game species threatened with extinction. It was considered suitable for
this because there were no large predators, a variety of habitats were represented, it
was relatively easy to protect because the lake forms a natural boundary around the
island, and there were a large number of unoccupied ecological niches. In the 1960s
and 1970s the Frankfurt Zoological Society (FZS) introduced several mammal
species onto the island including 17 chimpanzees (Pan troglodytes) and 20 guerezas
(Colobus guereza) (Borner 1985; Grzimek 1970; Kiwango 2002). The records about
these introductions are very patchy and incomplete. Released guerezas (5 males and
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15 females) originated from Mt. Meru (Tanzania). No systematic research has been
conducted on the guerezas since their release and there is no official estimate of their
current numbers or groups. They are known to occur mainly in the far southern
region. The 17 chimpanzees (9 females and 8 males) were introduced in 4 events
from 1967 to 1969. They were all wild born, originating from several West African
countries. Before their release they spent 3.5 mo–9 yr in European zoos or circuses.
Most likely these chimpanzees were treated for gastrointestinal parasite infections
with anthelminthic and antiprotozoal drugs in captivity and shortly before their
release (Huffman et al. 2008). Despite unfavorable factors during release (Grzimek
1970), the chimpanzees survived and adapted well to Rubondo (Borner 1985;
Huffman et al. 2008; Moscovice 2006). Chimpanzees are totally reliant upon the
island’s natural vegetation for their subsistence, as are the guerezas, and their
number has at least doubled (Moscovice et al. 2007). The population and individual
home range estimates for Rubondo chimpanzees are larger than the estimates at any
other forested chimpanzee study site (Moscovice 2006). They are thought to live in 1
or 2 groups and avoid the southern parts of the island with grassland (Huffman et al.
2008; Petrželková et al. unpubl. data).

The only indigenous Rubondo primate species is the vervet (Chlorocebus
aethiops pygerythrus), which occurs in several troops across the entire island. No
population estimates of this species on the island are available, and the number of
groups is not known. They are commonly seen in the forest and nearby human
dwellings.

Sample Collection and Parasitological Analyses

We collected fecal samples of chimpanzees, vervets, and guerezas from mid-July
2006 to mid-July 2008. We identified samples to the primate species level only,
because no primate groups on Rubondo have been completely habituated and
individually identified. However, unidentified samples can provide basic presence or
absence information for long-term monitoring of unhabituated populations (Gillespie
2006). We obtained chimpanzee samples while systematically looking for them daily
or when found under night nests throughout their known range on the island. We
collected guereza samples irregularly from a single group occurring in the southern
region and also from 2 males from the central east coast. We collected samples of
vervets when encountered while following chimpanzees and guerezas or when we
encountered a vervet troop independently. Occasionally, we collected samples also
from the troops living nearby human dwellings. We collected feces ≤12 h old. We
stored the feces in plastic bags until we brought them back to camp, where we
processed them immediately.

We fixed 5 g (chimpanzees) or 2 g (vervets and guerezas) of feces in 10%
formalin solution in 20-ml vials and periodically transported the samples to the
Department of Parasitology, Veterinary and Pharmaceutical University, Brno, Czech
Republic. Before microscopic examination, we homogenized each sample and
strained it through a sieve into a Falcon conical tube (P-lab, Czech Republic), diluted
it with 0.025 M phosphate buffer solution, and centrifuged it for 10 min at 2000 rpm
(MPV-340, swing up head). We resuspended the remaining sediment with 5 ml of
10% formalin. We examined the resuspended sediment microscopically via flotation
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with modified Sheather’s solution (Sheather 1923) and by merthiolate-iodine-
formalin concentration (MIFC) methods (Blagg et al. 1955). We added Lugol´s
solution to the examined drop onto a microscope slide to color cysts and dilute fecal
debris. We identified parasites on the basis of egg or cyst color, shape, contents, and
size (Ash and Orihel 2007; Jessee et al. 1970).

Climatological Data Collection

We obtained rainfall data from Tanzanian National Parks (TANAPA) collected on
the island and used this to assess the effect of season on parasite infections in
chimpanzees and vervets. We classified months as “wet” if cumulative rainfall was
>50 mm and “dry” if it was ≤50 mm (Huffman et al. 1997).

Data Analysis and Statistics

We report sample parasite prevalence (percent of samples with a given parasite taxa)
and sample parasite richness (the number of unique parasite taxa recovered from a
sample) for each primate population. Because samples could not be attributed to
individuals and there was the possibility that the same individual was sampled more
than once on a particular day, we also used day samples by combining the results
from all samples collected within the same day (Petrželková et al. 2010). We
calculated day sample parasite prevalence (percent of day samples with a given
parasite taxa) and day sample parasite richness (the number of unique parasite taxa
recovered from the day sample) for chimpanzees and vervets. We did not report day
sample parasite prevalence and parasite richness for guerezas, because of an
insufficient quantity of samples.

We conducted comparisons of both sample and day sample prevalence of each
parasite taxa between dry and wet seasons via Fisher exact tests for chimpanzees and
vervets separately. We made sequential Bonferroni adjustments of p-values for these
tests (Rice 1989). We performed Mann-Whitney U tests to compare sample and day
sample parasite richness between seasons in chimpanzees and vervets. We did not
include guerezas in these analyses because sample size was too small. We analyzed
the data via STATISTICA, version 8.0 (StatSoft, Inc. 2008).

Results

The following descriptions are based on 366 fecal samples collected from
chimpanzees (n=206; 53 day samples), guerezas (n=49; 8 day samples), and
vervets (n=111; 47 day samples). From all 3 primate species we detected cysts and
vacuolar forms of Blastocystis sp., cysts of Giardia sp., amoebae Entamoeba coli,
Iodamoeba buetschlii, and Entamoeba spp. (Fig. 1b, c, e, f; Table I). We found
flagellate trophozoites or the pear-shaped cysts of Chilomastix mesnili only in
chimpanzee and guereza samples (Fig. 1d; Table I). We detected trophozoites of the
entodiniomorph ciliate Troglodytella abrassarti, typical for chimpanzees, only in
chimpanzees (Fig. 1a; Table I). We recorded the following developmental stages of
nematodes in all 3 species of primates: eggs of Trichuris sp., spirurid eggs (cf.
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Protospirura muricola), undetermined strongylid eggs, eggs and larvae of Strongyloides
spp., and various developmental stages of free-living nematodes (Fig. 1h, i, j, k;
Table I). We found a low prevalence of Subulura sp. eggs in chimpanzees and vervets
(Fig. 1m; Table I). We detected eggs of pinworm Enterobius cf. anthropopitheci
(Hasegawa et al. 2005) only in chimpanzees, while eggs of Anatrichosoma sp.

Fig. 1 Parasites recovered from the feces of primates on Rubondo Island. a Troglodytella abrassarti
(trophozoite). b Blastocystis sp. (cyst). c Giardia sp. (cyst). d Chilomastix mesnili (cyst). e Entamoeba coli
(cyst). f Iodamoeba buetschlii (iodine stained cyst). g Enterobius cf. anthropopitheci (egg). h Strongylida fam.
gen. (egg). i Strongyloides sp. (embryonated egg). j Spirurida fam. gen. (cf. Protospirura muricola) (egg). k
Trichuris sp. (egg). l Anatrichosoma sp. (egg). m Subulura sp. (egg). n Oocyst of adeleid coccidia with 7
visible sporocysts (spurious parasite). Scale bars: a=50 μm, l=40 μm, b–f=10 μm, all others=20 μm.
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Table I Sample and day sample prevalence (Petrželková et al. 2010) and characteristics of
gastrointestinal parasites in 3 primate populations on Rubondo Island, Tanzania

Parasite Pan
troglodytes

Chlorocebus
aethiops
pygerythrus

Colobus
guereza

Characteristics

Sample prevalence/day sample prevalence %

Mean size based on measurement of 30 cysts
or eggs (μm)

Protists

Troglodytella abrassarti 63.4/83 – – Trophozoites, oval, with ciliates
in the band round the body167×81.8

Blastocystis sp. 32.8/62.3 51.4/82.9 60.9 Cysts spherical, vacuolated with
4 nuclei, thin wall6.8×5.9 8.4×5.8 8.4×5.9

Entamoeba coli 15.6/33.9 71.2/93.6 15.2 Cysts, most often spherical but
also oval-shaped, typically
have 8 nuclei

17.6×16.1 17.1×13.9 17.8×13.8

Entamoeba spp. 20.4/45.3 40.5/55.3 32.6 Cysts, spherical small with 2
(immature) or 4 nuclei, centrally
located karyosome

8.5×81 8.6×7.9 8.8×8

Iodamoeba buetschlii 13.4/22.6 63.1/82.9 23.9 Cysts, shape spherical, a single
nucleus, single vacuole with
compact glycogen

14.9×11.1 14.5×10.8 13.4×9.2

Giardia sp. 2.2/5.7 14.4/27.7 19.6 Cysts ovoid to ellipsoid shape,
4 nuclei, some retract cytoplasm
from the wall

12.1×8 12.1×8.2 11.7×8.6

Chilomastix mesnili 26.9/39.6 – 4.4 Cysts uninucleate, pear shaped,
peripheral chromatin visible7.8×6.4 9×7

Nematodes

Enterobius cf.
anthropopitheci

4.8/16.9 – – Wheat-shaped eggs with refractile
wall and containing the larvae54.8×28.7

Strongylida fam. gen. 1.1/3.8 24.3/40.4 8.7 Eggs ellipsoidal with rounded
extremes, thin shell, containing
dense or homogenous blastomeres

69.6×43.3 66.9×41 68.3×39.8

Strongyloides sp. (size
of embryonated eggs)

6.9/20.8 44.1/72.3 10.9 Eggs ellipsoidal with a thin shell,
containing larvae51.7×32.9 50.3×33.6 49.5×29.4

Trichuris sp. 2.2; 7.5 29.7/40.4 43.5 Lemon-shaped eggs with polar
plugs, yellow-brownish shell,
containing a morule

63.0×30.9 60.2×29.8 57.7×26.4

Anatrichosoma sp. – 4.5/8.5 – Lemon-shaped brownish eggs
without polar pugs, containing
coiled larvae

76.6×53.8

Subulura sp. 0.5/1.9 0.9/2.1 – Rounded shape of eggs with
coiled larvae27×25 25×22.5

Spirurida fam. gen.
(cf. Protospirura
muricola)

1.1/3.8 5.4/12.8 4.4 Eggs subspherical to ovoid, with
thick shell, “sticky coat” perhaps
around uterine layer, containing
larvae

51×38.5 52.4×40.3 52×39.4

Day sample prevalence for guerezas is not shown because of an insufficient quantity of samples
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occurred only in vervets (Fig. 1g, l; Table I). The oocysts of Eimeria sp. and
polysporocystid undetermined adeleid coccidia (Fig. 1n) were present in chimpanzees
and vervets, and we considered them to be spurious parasites, i.e., those that are not
typically found in a given host and only pass through the digestive tract (Zajac and
Conboy 2006).

We found significant differences in sample prevalence between the dry and wet
season only for Chilomastix mesnili in chimpanzees and for strongylids in vervets
(Table II). We did not find any differences in day sample prevalence between the dry
and wet season for any parasite taxa for any primate species (Table II).

The median sample parasite richness was 2 for chimpanzees (range 0–7), 4 for
vervets (range 0–8), and 2 for guerezas (range 0–7). There were no significant
differences in sample parasite richness between the wet and dry season in
chimpanzees or vervets (Mann-Whitney tests: Z=−1.11, p=0.56; Z=1.82, p=0.07,
respectively). The median day sample parasite richness for chimpanzees was 3
(range 0–8) and 5 for vervets (range 0–9). Similarly to sample parasite richness, we
did not find any significant differences in day sample parasite richness between the

Table II Comparison of sample prevalence (SP) and day sample prevalence (DSP) between wet and dry
season for parasites found in chimpanzees and vervets on Rubondo Island, Tanzania

Parasite Pan troglodytes Chlorocebus aethiops pygerythrus

Wet season
SP/DSP

Dry season
SP/DSP

p-values
SP/DSP

Wet season
SP/DSP

Dry season
SP/DSP

p-values
SP/DSP

Protists

Troglodytella abrassarti 71.6/96 54.9/74 0.02/0.06 – – –

Blastocystis sp. 37.9/66 27.5/60 0.16/0.77 59.1/73 49.4/87 0.48/0.36

Entamoeba coli 13.7/35 17.6/34 0.54/1 86.4/91 67.4/95 0.11/0.56

Entamoeba spp. 18.9/35 23.1/44 0.61/0.58 59.1/64 41.6/53 0.22/0.73

Iodamoeba buetschlii 9.5/22 17.6/24 0.13/1 72.7/91 60.7/81 0.64/0.39

Giardia sp. 1.1/5 3.3/7 0.36/1 18.2/28 13.5/28 0.51/1

Chilomastix mesnili 37.9/48 15.4/34 << 0.01/0.4 – – –

Nematodes

Enterobius cf.
anthropopitheci

3.2/13 6.6/20 0.32/0.71 – – –

Strongylida fam. gen. 1.1/5 1.1/4 1/1 50/54.5 18/37 << 0.01/0.31

Strongyloides sp. 4.2/18 9.9/24 0.16/0.74 50/54.5 42.7/78 0.63/0.25

Trichuris sp. 0/0 4.4/14 0.06/0.12 13.6/28 33.7/45 0.07/0.48

Anatrichosoma sp. – – – 0/0 5.6/12 0.58/0.56

Subulura sp. 1.1/5 0/0 1/0.43 0/0 1.1/3 1/1

Spirurida fam. gen.
(cf. Protospirura
muricola)

0/0 2.2/7 0.24/0.5 9.1/19 4.5/12 0.34/0.61

Significant p-values for Fisher exact tests are in bold. Sequential Bonferroni adjustments lower the p-value
for the smallest p-values to 0.004 (chimpanzees) and 0.005 (vervets), for the second smallest to 0.004
(chimpanzees) and 0.005 (vervet monkeys).
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wet and dry season in chimpanzees or vervets (Mann-Whitney tests: Z=0.06, p=
0.95; Z=0.82, p=0.42, respectively).

Discussion

The isolated ecosystem of Rubondo Island offers a unique opportunity to investigate
the possible impact of species introductions on the parasite ecology of both
introduced and indigenous primates. The origin and history of primate populations
on Rubondo likely influenced the composition of their parasite community. The
value for parasite richness that we calculated for chimpanzees from Rubondo was
higher than for chimpanzees from Kibale, Uganda (Muehlenbein 2005). We suggest
that the lower parasite load of Rubondo chimpanzees might be related to their
unusually large home range, which is even larger than the large home range reported
for savanna chimpanzees at Mt. Assirik (Baldwin et al. 1982), by their stay in
captivity before release, particularly because of the unavailability of intermediate
hosts, e.g., Bertiella sp., Probstmayria sp. (Ashford et al. 2000; Krief et al. 2005), or
by parasite treatment given to animals before introduction, e.g., strongylid
nematodes (Petrželková et al. 2010). On the contrary, parasite richness for samples
reported for colobines and guenons at other sites was the same or lower than in
Rubondo guerezas and vervets (Piliocolobus tephrosceles, Colobus guereza,
Cercopithecus ascanius: Gillespie et al. 2005b; Procolobus rufomitratus: Chapman
et al. 2007; Colobus vellerosus: Teichroeb et al. 2009). Torchin et al. (2003)
described a similar situation in which the number of parasites species in native
populations of 26 host species was higher than in exotic/introduced populations.

Host-specific Troglodytella abrassarti and Enterobius anthropopitheci occurred
only in chimpanzees at Rubondo. They are monoxenous parasites with fecal-oral
transmission commonly recorded in free-ranging chimpanzees (Ashford et al. 2000;
Hugot 1993; Krief et al. 2005; McGrew et al. 1989a; Muehlenbein 2005). The
maintenance of infections is also known in captivity, as documented by the common
presence of Troglodytella abrassarti in captive chimpanzees (Pomajbiková et al.
2010). The pinworm infections in captive chimpanzees are mostly caused by human-
derived Enterobius vermicularis (Murata et al. 2002; Nakano et al. 2006), but
Hasegawa and Udono (2007) reported a long-term maintenance of Enterobius
anthropopitheci in captive chimpanzees in Japan. Therefore, we conclude that
Troglodytella abrassarti and Enterobius anthropopitheci have been maintained by
Rubondo chimpanzees since their original capture from the wild in West Africa.

Amoebas Entamoeba coli, Iodamoeba buetschlii, and several other species of the
Entamoeba occur in all Rubondo primates without any apparent health problems.
Findings reported here as Entamoeba spp. might represent Entamoeba hartmanni, E.
histolytica, E. dispar, or E. chattoni. Microscopic differentiation of these species
based on cyst morphology is not reliable, and molecular analyses are needed to
determine species (Levecke et al. 2007; Verweij et al. 2003). Several authors found
amoebas in wild chimpanzees (Ashford et al. 2000; Kuntz and Myers 1969;
Muehlenbein 2005), and Appleton et al. (1994) noted a very high prevalence in
Cercopithecus mitis. Only Entamoeba coli and E. histolytica occur in guerezas in
Uganda and Ghana (Gillespie et al. 2005a; Teichroeb et al. 2009). These protozoa
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have a direct life cycle, immediate infectivity, and low host specificity, and primates
are known as their reservoir (Pedersen et al. 2005; Verweij et al. 2003).

Chilomastix mesnili, a flagellate with questionable pathogenicity, was present
only in chimpanzees and guerezas. Despite numerous parasitological studies on
primates, this species seems to occur only rarely in wild primates (Pan troglodytes:
Kuntz and Myers 1969, Landsoud-Soukate et al. 1995; Reynolds 2005; Cercopithecus
ascanius: Gillespie et al. 2004). Several other species have been described from
vertebrates and invertebrates (Kulda and Nohynkova 1978), but Chilomastix from
primates, pigs, and humans are thought to belong to the same species with possible
transmission between different host species (Hegner 1924; Levine 1985; Solaymani-
Mohammadi et al. 2004). The epidemiology of these flagellates remains largely
unknown, making it difficult for us to propose the possible reasons for difference in
sample prevalence between seasons in our study.

We recorded a relatively high prevalence of Blastocystis sp. in all Rubondo
primates. Despite intensive research, there are only a few reports with lower
prevalence of Blastocystis sp. in wild chimpanzees and vervets (Ashford et al. 2000;
Legesse and Erko 2004; Muehlenbein 2005; Reynolds 2005), and there is only one
report in captive guerezas (Teichroeb et al. 2009). Recent surveys showed that
Blastocystis sp. is common in captive primates (Stensvold et al. 2009). Cysts of
Blastocystis sp. can be easily overlooked in fecal debris because of their small size,
and thus the scarcity of reports in wild populations could be a result of methods used
for detection (Stensvold et al. 2007; Teichroeb et al. 2009). From 13 morphologically
identical subtypes of Blastocystis sp., 7 subtypes have been isolated from nonhuman
primates; 5 of these subtypes occur in humans (Parkar et al. 2010; Stensvold et al.
2007, 2009; Teichroeb et al. 2009; Yoshikawa et al. 2004, 2009). Some subtypes of
Blastocystis sp. cause chronic infections in humans (Stensvold et al. 2007), but little
is known about the potential host specificity and pathogenesis in primates (Stensvold
et al. 2009; Yoshikawa et al. 2009). Ongoing identification of the subtypes of
Blastocystis sp. in primates of Rubondo Island should help to clarify subtypes and the
possibility of transmission and distribution in each primate population (Petrášová and
Petrželková, unpubl. data). To the best of our knowledge, no researchers have
conducted molecular studies on Blastocystis sp. from wild African primates.

The relatively high prevalence of Giardia sp. in vervets and guerezas warrants
attention. The presence of the cysts of Giardia sp. in wild primates has typically been
related to higher levels of contact with humans and livestock (Graczyk et al. 2002;
Nizeyi et al. 1999; Salzer et al. 2007; Wolfe et al. 1998). Higher prevalence has been
reported also in sanctuaries and zoological gardens, where it is probably associated
with a higher density of hosts and human contact (Levecke et al. 2007; Teichroeb et
al. 2009). Domestic animals are not permitted on the island; however, some troops of
vervets approach human dwellings, although the chimpanzees have little to no contact
with areas inhabited by humans. The host spectrum of zoonotic genotypes
(assemblages) A and B of Giardia duodenalis includes both human and nonhuman
primates (Gorilla gorilla beringei: Graczyk et al. 2002; Alouatta pigra: Vitazkova and
Wade 2006; Alouatta clamitans: Volotao et al. 2008; Colobus vellerosus: Teichroeb et
al. 2009). Although Rubondo chimpanzees lived in close contact with humans before
their release, only molecular analyses can clarify if the infections include zoonotic
genotypes (assemblages) of Giardia sp. found in the Rubondo primates.
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Trichuris infections seem to be common in free-ranging primates (Ashford et al.
2000; Huffman et al. 2009; McGrew et al. 1989a; Murray et al. 2000), and generally
all primate species have been considered to be infected with Trichuris trichiura,
which occurs also in humans (Mbora and Munene 2006; Mudakikwa et al. 1998;
Munene et al. 1998; Sleeman et al. 2000). However, the morphology and size of the
eggs found indicated possibly >1 species occurring in Rubondo primates. In an
extensive morphological and morphometric assessment of whipworm eggs, Reptová
(2008) found in various primate species living in captivity and the wild that
Trichuris eggs from Rubondo chimpanzees and vervets were larger and separated
from the major set of eggs obtained from other primates, including Rubondo
guerezas. The whipworm eggs from Rubondo chimpanzees and vervets clustered
together with the eggs of Trichuris suis obtained from pigs. Several authors have
indicated that the Trichuris eggs found in primates are either morphologically
dissimilar to T. trichiura (Nkurunungi 1999) or larger than those of T. trichiura
(Dupain et al. 2009; Hasegawa et al. 1983). However, whipworm egg size is highly
variable (Yoshikawa et al. 1989), and therefore solid species determination based
only on egg size is insufficient. Only morphological features of adult males or
molecular analysis will provide reliable identification of trichurid species and the
origin of infection (Beer 1976; Cutillas et al. 2009; Spakulova 1994). The low
prevalence of Trichuris sp. in Rubondo chimpanzees is very similar to reports for
other wild chimpanzees (Ashford et al. 2000; McGrew et al. 1989a; Murray et al.
2000). The higher prevalence of Trichuris sp. in Rubondo guerezas and vervets is
comparable with results from other populations of these primates (Appleton et al.
1994; Gillespie et al. 2005a; Teichroeb et al. 2009). High prevalence of Trichuris sp.
was reported to be associated with increased host density and frequency of contact
between uninfected and infected hosts in the group (Gillespie et al. 2005b).

Petrželková et al. (2006, 2010) identified the spirurids occurring in Rubondo
chimpanzees as Protospirura muricola based on adult morphology. We found
morphologically identical spirurid eggs also in guerezas and vervets and we suggest
that all primates at Rubondo probably harbor the same species of spirurid.
Considering the absence of Protospirura muricola in other populations of
chimpanzees and colobines, it seems likely that translocated chimpanzees and
guerezas acquired this spirurid via ingestion of intermediate insect hosts (Anderson
2000) from the indigenous vervets or rodents after their arrival on the island.
Protospirura muricola is a relatively nonpathogenic parasite in rodents, but it can
cause severe, sometimes fatal, disease in captive primates (Foster and Johnson 1939;
Ruch 1959). However, the prevalence of this spirurid remains low in Rubondo
primates and does not seem to pose an obvious health risk for them.

Strongyloides sp. and strongylid nematodes have been reported to be the most
prevalent parasites in wild chimpanzee populations (Ashford et al. 2000; Huffman et
al. 2009; Lilly et al. 2002; Muehlenbein 2005; Murray et al. 2000), making the low
prevalence of strongylids in Rubondo chimpanzees striking. It is possible that this
phenomenon could be caused by their large home range and anticipated low host
density (48 km2, 2–8 times greater than other groups) and probably longer travel
distances per day (Moscovice 2006; Nunn et al. 2003). Similar findings of overall
low parasite infection and the absence of strongylids associated with a large home
range have been reported for chimpanzees at Mt. Assirik, Senegal (McGrew et al.
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1989a). The prevalence of strongylids and Strongyloides spp. was much higher in
Rubondo vervets and slightly more so in guerezas than in chimpanzees, but similar
to that in other populations of these primate species reported elsewhere (Gillespie et
al. 2004, 2005a; Mbora and Munene 2006; Munene et al. 1998; Okanga et al. 2006).
The morphology of Strongyloides and strongylid eggs does not allow species level
determination, but the presence of eggs and larvae of Strongyloides in the feces
suggests that Rubondo primates may be infected with both S. stercoralis and S.
fuelleborni. Molecular analyses suggest that Strongyloides fuelleborni has diversified
during geographical dispersal and the evolution of host primates (Hasegawa et al.
2009). Similarly, the application of DNA fingerprinting revealed that strongylid
Oesophagostomum bifurcum from different primate species represents distinct
groups (Gasser et al. 2009). Therefore it is possible that each species of Rubondo
primate carries a host-specific species/genotype of strongylids and Strongyloides sp.

We found a higher sample prevalence (but not day sample prevalence) of
strongylids during the rainy season only in vervets. Individual sampling would be
necessary to confirm this pattern, because several authors observed higher
prevalence of strongylid nematodes during rainy season also in chimpanzees and
bonobos at other sites (Dupain et al. 2002; Huffman et al. 1997, 2009). The apparent
lack of seasonality in strongylids of Rubondo chimpanzees and guerezas might be
caused by their lower prevalence in comparison to vervets.

Petrželková et al. (2006, 2010) previously reported Anatrichosoma sp. and
Subulura sp. in Rubondo chimpanzees. However, we found the eggs of
Anatrichosoma sp. only in vervets and the eggs of Subulura sp. in both chimpanzees
and vervets. Because there are no other reports of Anatrichosoma sp. and Subulura
sp. in chimpanzees, we suggest that Rubondo chimpanzees might have obtained
these parasites from vervets directly (Anatrichosoma sp.) or via intermediate insect
hosts (Subulura sp.). The eggs of Anatrichosoma sp. are usually found by scraping
the nasal mucosa of rhesus monkeys, baboons, and vervets (Conrad and Wong 1973;
Long et al. 1976). Eggs of Anatrichosoma sp. are rarely found in the feces, and usual
microscopic examination may not accurately reflect their actual prevalence (Orihel
1970). Nine species of Subulura have been reported in primates, and Subulura
distans has been reported in Cercopithecus spp. (Cameron 1930; Yamashita 1963).
However, we cannot exclude the possibility that both taxa represent spurious
parasites passed through the digestive tract of Rubondo chimpanzees (Zajac and
Conboy 2006), because chimpanzees occasionally hunt and eat vervets on Rubondo
(Petrželková pers. obs.), and the prevalence of these parasites in chimpanzees was
very low (Petrželková et al. 2006, 2010; this study).

Six Eimeria, 7 Isospora, and 1 Cyclospora species are known in primates, and all
need sporogony time to be infectious for the host (Duszynski et al. 1999). We
detected eimeriid and adeleid oocysts similar to oocysts reported previously in
reptiles and birds in the feces of vervets (Daszak and Ball 1998; Kawazoe and
Gouvea 1999). Because the oocysts found in feces were sporulated (spore-forming
process), we considered them to be spurious parasites (Zajac and Conboy 2006).
Oocysts of coccidia probably entered vervets with their insect prey or via food
contaminated with bird fecal material.

Except for 2 clearly distinguishable chimpanzee specific parasites, the majority of
the parasite taxa reported here was found in all 3 studied primate species. Rubondo
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chimpanzees probably lost some of their parasites before or during the introduction.
However, both released primate species appear to have acquired ≥1 parasite from the
native fauna. Molecular analyses are needed to clarify further the conspecificity of
the parasites reported here. At present, there seem to be no obvious health problems
associated with the parasites infecting the introduced primates transmitted from local
fauna on Rubondo. However, continuous parasite monitoring at ongoing or future
reintroduction/introduction sites is highly recommended to decrease the risk of
negative consequences associated with possible exchanges of parasites between
introduced and native fauna.
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