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INTRODUCTION

Madagascar is one of the biodiversity hotspots of the
world in urgent need of effective conservation of its
unique biota (Mittermeier et al. 2004). Lemurs, the pri-
mates of Madagascar, are among the best known taxa
of the island. Investigations of the animals’ health sta-
tus are important to improve conservation measures
(Dobson 1988, May et al. 1988, Thorne et al. 1988,
Nizeyi et al. 1999, 2002a,b, Daszak et al. 2000, Graczyk
et al. 2001). Parasitological studies have concentrated
on large primates such as apes and monkeys (Stuart &
Strier 1995, Gillespie et al. 2004, 2005, Boesch 2008,
Chapman & Huffman 2009). This is probably due to
epidemiological interest because monkeys and apes
are genetically closer to humans and are known as a

reservoir of certain pests and diseases fatal to humans
(and vice versa), such as Ebola and HIV viruses (Wolfe
et al. 1998). Prosimian gastrointestinal parasites have
received little attention to date. Most studies have
focused on parasite inventories and morphological
descriptions (e.g. Chabaud & Choquet 1955, Chabaud
& Larivière 1955, Chabaud & Brygoo 1956, Chabaud &
Petter 1958, 1959, Chabaud et al. 1961a,b, 1964, 1965,
Petter et al. 1972, Hugot et al. 1995, 1996, Hugot 1998,
Hugot & Baylac 2007, Randriamiadamanana 1998,
Raharivololona 2006, 2009, Rasambainarivo 2008),
with additional information on the occurrence of these
parasites in sympatric lemurs and other small mam-
mals (Raharivololona et al. 2007). Irwin & Raharison (in
press) summarize our knowledge of lemur endopara-
sites in Madagascar in general.
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Parasitological and biomedical studies of lemurs in
an ecological context are still in their infancy, and little
is known about the effects of changing environmental
conditions on parasite infections (e.g. Junge & Louis
2002, 2005, 2007, Dutton et al. 2003, 2008, Schad et al.
2004, 2005, Junge & Sauther 2006, Raharivololona et
al. 2007, Schwensow et al. 2007, Raharivololona &
Ganzhorn 2009, Wright et al. 2009, Ganzhorn et al. in
press, N. Schwitzer et al. unpubl. data). In studies on
Microcebus murinus in the littoral forest, lemurs from
smaller fragments were parasitized to a higher degree
than animals from larger forest fragments. In large
forests, degradation of the forest was linked to higher
parasite loads. This situation was reversed in small for-
est fragments (Raharivololona & Ganzhorn 2009). N.
Schwitzer et al. (unpubl. data) report increased
intestinal parasite loads in populations of blue-eyed
black lemurs Eulemur flavifrons living in degraded
habitats, whereas ectoparasite communities of Milne-
Edwards’ sifaka Propithecus edwardsi showed little
variation between primary and more degraded rain
forest but significant differences between the cool and
the hot season (Wright et al. 2009). The same has been
reported for nematode infections in other primates
(Huffman et al. 1997). Thus, there are seasonal effects
either in parasite infections or at least in the excretion
of parasites that could be used for diagnostic evalua-

tions. However, health surveys of free-living popula-
tions often have to be conducted within short periods
of time without knowing whether parasite prevalences
or infection intensities vary during the course of the
year. Therefore, the aim of this study was to document
the extent to which the excretion of intestinal parasite
larvae and eggs vary over the year in M. murinus.

MATERIALS AND METHODS

Study site. The study was carried out in fragments
M5, M13, M15, M16, and M20 of the littoral forest of
Mandena, ca. 12 km northeast of Tolagnaro, at sites
ranging in altitude from 0 to 20 m (Fig. 1). Annual rain-
fall is about 1600 mm, with considerable fluctuations
between years. In 2003, September, October, and
November were the months with the lowest rainfall
(Fig. 2). June to August are the coldest months (i.e.
cold season; Vincelette et al. 2007a).

Study species. Microcebus murinus, the gray mouse
lemur, is a small (average weight 60 g) nocturnal and
omnivorous lemur. In Mandena, its food spectrum con-
sists mainly of fruit, flowers, and insects, and, occasion-
ally, plant exudates. The animals have never been ob-
served to eat reptiles or other vertebrate prey (Lahann
2007). These lemurs forage alone but may form sleep-
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Fig. 1. Study areas in the Tolagnaro region (24° 57’ S, 47° 00’ E) of Madagascar. The forest remnants are numbered and shown as
dark shading. Eucalyptus plantations and swamps with bordering Melaleuca (introduced) are also shown (modified from
Ramanamanjato & Ganzhorn 2001). The grey area in the inset marks the distribution of Microcebus murinus on Madagascar 

(map from R. H. Orozco, Conservation International)
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ing groups in their daytime sleeping shelters. They
are arboreal, polygynous, and distributed throughout
western, southern, and southeastern Madagascar. They
occur in primary, secondary, and disturbed forest habi-
tats (Martin 1972, Petter et al. 1977, Mittermeier et al.
2006). M. murinus can enter daily torpor or prolonged
hibernation during the cold season (Petter-Rousseaux
1980, Ortmann et al. 1996, Schmid & Ganzhorn 2009).

Animal trapping. Microcebus murinus were cap-
tured with Sherman live traps using standard proce-
dures at permanent study sites set up in different forest
fragments of Mandena (Ramanamanjato & Ganzhorn
2001). Traps baited with banana were set for 4 succes-
sive nights per month at 40 or 50 localities in each frag-
ment between April and December 2003. Two traps
were set at each locality: one on the ground and the
other tied to a tree branch at a height of 1.5 m. All
trapped animals were sexed, measured, weighed, and
marked permanently with subdermal transponders.
Animals were released at the locality where they had
been captured. Trapping and handling was authorized
by permits issued by the Ministère de l’Environ-
nement, des Eaux et Forêts Malgache.

Fecal sampling and gastrointestinal parasites. Fresh
feces were collected from traps or handling bags and
stored in vials containing 4% formalin. A modification
of the McMaster flotation egg counting technique
(Sloss et al. 1994) was applied to analyze egg shed-
ding. Several studies have found this to be a valid
method of evaluating worm burdens in several studies
(e.g. Gulland et al. 1993, Stear et al. 1995, Paterson et
al. 1998, Coltman et al. 1999, Cassinello et al. 2001,
Schwensow et al. 2007). For quantitative analyses, 300
mg of feces were triturated in a beaker with 3 ml of a
saturated potassium iodide solution (KI) with a specific
weight of 1.5 g ml–1. The mixture was poured through
a tea strainer to eliminate non-digested large particles.
The residue in the tea strainer was washed with 1 ml of

KI. The suspension was filled to a volume of 4.5 ml with
the KI solution, stirred again, and transferred to both
chambers of a McMaster counting chamber with a
pipette. The slide was transferred to a microscope and
left alone for 5 min before examination. During this
time, eggs, larvae, and cysts floated to the surface of
the counting chambers. The slide was then examined
with 100× and 400× magnification to identify and count
all eggs, larvae, and cysts inside the ruled squares.
This procedure was developed by Meyer-Lucht (2003)
and has been applied successfully in a number of other
studies (e.g. Schad et al. 2004, 2005, Meyer-Lucht &
Sommer 2005). Since Microcebus murinus could be
infested with parasites from other animals (such as
rats, which may also host all parasites found in M. mur-
inus; Raharivololona et al. 2007) or some of the para-
sites excreted by M. murinus could be parasites from
their invertebrate prey, precautions were taken to
increase the probability that the parasites described
were actually parasites of M. murinus. Thus, some
individuals of M. murinus were kept in quarantine for
4 d. Fecal samples were collected each morning and
analyzed for parasites. Food passage time was investi-
gated using markers and determined to be <24 h in all
cases. Therefore, all parasites found in the feces of
these animals after the second night were assumed to
be genuine parasites of M. murinus and not temporary
parasites from prey or accidental infections (Raharivo-
lolona 2009, Raharivololona & Ganzhorn 2009). While
these precautions might help to separate true from
accidental gastrointestinal parasites, we do not have
sufficient information yet to know which of the para-
sites found in the feces of lemurs are of clinical signifi-
cance (Junge & Louis 2007, Junge et al. 2008).

To measure the intensity of parasitism, 3 criteria were
applied: parasite species richness, prevalence, and in-
tensity of infection. Parasite species richness is the
number of parasite species found in fecal material. In-
fection prevalence is the ratio of infected individuals to
the total number of captured animals. The intensity of
infection was defined as the number of eggs, larvae,
and cysts found in 1 g of feces (fecal egg count, FEC).
This definition deviates from the generally accepted
term that includes only eggs, and was used to be consis-
tent with our previous papers (Raharivololona 2007,
2009, Raharivololona & Ganzhorn 2009) in which we
defined FEC as the number of eggs and larvae found in
1 g of feces of 1 ind. This value is obtained by multiply-
ing the number of eggs, larvae, and cysts counted in the
2 chambers of a McMaster cell by 50 (Euzéby 1981).

Data analyses. We performed the analyses on 2 types
of datasets. The first analyses were performed at the
‘population level.’ Here, we used the captures of all
individuals in any given month between April and
December 2003. If the same individual was caught
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Fig. 2. Monthly rainfall in 2003 (bars) and mean temperatures
(solid line; averages from 1989 to 1999; Vincelette et al. 2007a)
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repeatedly in a given month, only data from the first
capture were used for analyses. This dataset includes
animals caught repeatedly in different months, but
also animals caught only once during the study period,
and thus represents a mixture of dependent and inde-
pendent measures. These data are comparable to most
studies based on feces of unknown origin. Statistical
analyses were performed on a monthly basis if possi-
ble. In addition, months were pooled and assigned to
different seasons: (1) hot season (April, May, Septem-
ber to December) and cold season (June to August); (2)
wet season (April to August, December) and dry sea-
son (September to November). For these analyses, we
used data only from the fragment M15/M16 because
parasite infections differ between fragments of differ-
ent size and degree of degradation (Raharivololona &
Ganzhorn 2009). We used non-parametric tests (chi-
squared, Mann-Whitney U, and Kruskal-Wallis analy-
sis of variance, Spearman rank correlation) for these
analyses.

Second, we performed analyses at the ‘individual
level.’ We restricted these analyses to individuals
caught twice: once during the hot season (September
to May) and then again in the cold season (June to
August). Our sample size did not allow us to distinguish
between the hot seasons before or after the cold season,
or between the wet season before or after the dry
season, respectively. Therefore, we distinguished only
2 categories for each of the 2 environmental variables:
cold – hot and wet – dry. Since we analyzed these data

on an individual level, we were able to include indi-
viduals caught in all forest fragments. To study the
seasonal variation of parasite infection in these re-
lated samples, we used the McNemar and Wilcoxon
matched-pairs signed-ranks test to compare the parasite
species richness, prevalence, and the intensity of infec-
tion of Microcebus murinus during the hot and cold and
the wet and dry season. For illustrations, the FEC was
transformed to log10 (FEC+1). Significance levels are 
2-tailed. Statistical tests were run with SPSS 9.0.

RESULTS

Population level: seasonal variation of parasite
species richness and their prevalence

Eight gastrointestinal parasite species were found in
94 fecal samples collected from 56 individual Micro-
cebus murinus (34 females, 20 males, 2 unknown)
caught in forest fragment M15/M16 between April and
December 2003: 6 nematode species (Subulura sp., an-
other non-identified species of Ascarididae, Trichuris
sp., Lemuricola sp., 1 non-identified species of Oxyuri-
dae, and 1 member of Strongylida), 1 cestode species
(genus Hymenolepis; a second species of Hymenolepis
was not found in fragment M15/M16 but occurred in
other fragments; Raharivololona & Ganzhorn 2009),
and 1 species of Coccidia (Raharivololona 2009). Subu-
lura sp. (Ascarididae) was the species with the highest
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Parasite Prevalence (%)
species Apr May Jun Jul Aug Sep Oct Nov Dec Total

N = 10 N = 12 N = 17 N = 7 N = 15 N = 6 N = 8 N = 14 N = 5 N = 94

Nemathelminthes
Ascarididae

Ascarididae sp. 1 20 25 12 57 20 0 0 0 0 14
Subulura sp. 50 58 29 14 73 83 25 43 60 48

Strongylida 
Strongylida sp. 1 20 8 0 0 20 33 0 0 0 9

Trichuridae
Trichuris sp. 10 0 0 0 7 17 0 0 0 3

Oxyuridae
Lemuricola sp. 10 0 0 0 13 0 0 0 0 3
Oxyuridae sp. 1 10 8 18 0 0 0 0 0 0 5

All nematode species 70 67 41 71 73 83 25 43 60 57

Plathelminthes
Cestoda

Hymenolepididae
Hymenolepis sp. 1 10 17 12 71 53 50 0 0 20 23

All cestode species 10 17 12 71 53 50 0 0 20 23

Protozoa (Coccidia) 50 42 24 57 67 33 0 50 40 42

All gastrointestinal 80 75 65 100 87 83 25 71 60 72
parasites

Table 1. Prevalence (%) of different gastrointestinal parasite species in Microcebus murinus caught in different months in forest
fragment M15/M16 in 2003. N: sample size
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prevalence in feces of M. murinus (Table 1). Even
though we identified some of the forms only to the
family or genus level, all forms were assigned to a given
morphotype and were considered to represent a single
species.

Of the data listed in Tables 1 & 2, only the monthly
prevalence of the undetermined species of Oxyuridae
was correlated with rainfall as one of the environmen-
tal variables (rs = 0.76, p = 0.017, n = 9 mo).

Population level: seasonal variation of the intensity
of infection

The intensity of infection varied between months for
‘all nematode species’ (Kruskal-Wallis analysis of vari-
ance: χ2 = 16.29, p = 0.04, df = 8). This is due to fluctu-
ations in Ascarididae sp. 1 and Subulura sp. (χ2 = 15.94,
p = 0.04 and χ2 = 16.82, p = 0.03, respectively). The
FEC of cestodes, represented by a single species of
Hymenolepis sp. 1, also varied between months (χ2 =
28.70, p < 0.001) as did the number of ‘all gastrointesti-
nal parasites’ (χ2 = 26.5, p = 0.001; Fig. 3).

Individual level: seasonal variation of parasite
species richness and infection prevalence within

individuals

Of the 169 different Microcebus murinus caught in
the different fragments during the course of the study,
17 ind. were caught in the hot as well as in the cold
season. Fecal samples of these 17 ind. were used to
assess seasonal changes in occurrence of parasite eggs
and larvae in fecal matter in relation to ambient tem-
perature. Nine of these animals were females, and 8
were males. Thus, results were not sex-biased. Of the
169 M. murinus, 15 (9 females, 6 males) were caught in
the wet and in the dry season. Fecal samples from
these individuals were used to assess differences be-
tween the wet and the dry season.

Nine species of parasite were found in the 17 Micro-
cebus murinus feces during the hot, and 7 during the

cold season. Lemuricola sp. and Hymenolepis sp. 2
eggs were not observed in the feces during the cold
season (Table 3). On average, the number of nematode
species found in the feces of the 17 Microcebus muri-
nus individuals was higher during the hot than during
the cold season (Wilcoxon test: z = 2.02; p < 0.05). The
total number of parasite species also differed signifi-
cantly between the 2 seasons (z = 3.76; p < 0.001). A
single mouse lemur was infected by a maximum of 4
parasite species during the hot season and by 3 para-
site species during the cold season (Fig. 4). There were
no differences in the number of parasite species
between the wet and the dry season.

More mouse lemurs were more infected by Subulura
sp. and nematodes in general during the hot than dur-
ing the cold season. For Subulura sp., the prevalence of
infection was 70.6% during the warm season and
23.5% during the winter. The nematode prevalence
was 76.5% during the hot season against 41.2% during
the cold season (Table 3). No significant differences
were found for the other parasite species. The pre-
valence of parasite taxa found in the 15 Microcebus
murinus did not differ between the wet and the dry
season for any parasite taxon (Table 3).

Individual level: seasonal variation of the intensity
of infection within individuals

FECs were significantly higher in the hot than the
cold season for all parasite taxa except for the FEC of
the non-identified species of Ascarididae, those of
Hymenolepis sp. 1, and cestodes in general (Wilcoxon
test: z > 2.20; p < 0.05; Table 4). There were no differ-
ences between the wet and the dry season.

DISCUSSION

The excretion of eggs and larval stages of different
gastrointestinal parasites varies significantly over the
course of the year. This seasonality is blurred when fe-
cal samples from different animals are pooled and the

117

Month Apr May Jun Jul Aug Sep Oct Nov Dec Total
N = 10 N = 12 N = 17 N = 7 N = 15 N = 6 N = 8 N = 14 N = 5 N = 94

Nemathelminthes 1 1 0 1 1 1.5 0 0 1 1
Plathelminthes 0 0 0 1 1 0.5 0 0 0 0
All gastrointestinal 2 1 1 2 2 2.5 0 1 2 1
parasites
(includes Coccidia)

Table 2. Median number of different gastrointestinal parasite species in Microcebus murinus caught in different months in forest
fragment M15/M16 in 2003. N: sample size
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same animals are represented in the samples to varying
degrees. Also, parasite sheddings tend to be sex biased,
with more eggs and larvae found in feces of Microce-
bus males (Raharivololona et al. 2007). This is a stan-
dard problem of unbalanced repeated measures which
does not need to be discussed further. Yet, in many
cases, field work has to rely on this type of data. Our
data do not allow us to analyze these aspects further
and to go beyond anecdotal evidence and speculations.

When sampling and analyses can be based on re-
peated samples of known individuals, a much clearer
pattern emerges. In the evergreen littoral forest, para-
site-egg shedding in Microcebus murinus seems unaf-
fected by rainfall patterns but shows pronounced and

consistent differences between the hot and the cold
season. The higher degree of parasite infections of M.
murinus during the hot season seems to be a general
phenomenon that has also been described for ectopar-
asites in Propithecus edwardsi (Wright et al. 2009),
gastrointestinal parasites in Eulemur flavifrons (N.
Schwitzer et al. unpubl. data), and gastrointestinal par-
asites in other primates (Huffman et al. 1997). High
ambient temperatures and humid conditions favor
hatching of parasite eggs, which increases the abun-
dance of larvae ready to infect the next host (Rogers &
Sommerville 1963, Larsen & Roepstorff 1999). The
majority of intestinal parasites infecting M. murinus in
the Mandena forest are nematodes with a direct life
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cycle such as the Ascarididae species, the member of
Strongylida, and Trichuris sp. In contrast, Lemuricola
sp., another Oxyuridae species, and Subulura sp. have
an indirect life cycle with insects as intermediate hosts
(reviewed by Irwin & Raharison in press). The parasite
development in these insect hosts is also faster at
higher temperatures (Pascual et al. 2006). Due to the
general nature of this phenomenon (Taraschewski
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Taxon Hot Cold Wet Dry
season season season season
N = 17 N = 17 N = 15 N = 15

Nemathelminthes
Ascarididae

Ascarididae sp.1 17.6 11.8 6.7 0
Subulura sp. 70.6* 23.5 33.3 66.7

Strongylida 
Strongylida sp.1 11.8 11.8 13.3 13.3

Trichuridae
Trichuris sp. 5.9 5.9 6.7 6.7

Oxyuridae
Lemuricola sp. 5.9 0 0 6.7
Oxyuridae sp.1 11.8 5.9 0 0

All nematode species 76.5* 41.2 46.7 66.7

Plathelminthes
Cestoda

Hymenolepididae
Hymenolepis sp.1 23.5 29.4 26.7 20.0
Hymenolepis sp.2 11.8 0 0 6.7

All cestode species 35.3 29.4 26.7 26.7

Protozoa (Coccidia) 64.7 35.3 53.3 26.7

All gastrointestinal 88.2 70.6 66.7 66.7
parasites

Table 3. Prevalence (%) of gastrointestinal parasites in the fe-
ces of the 17 Microcebus murinus caught during the hot and
in the cold season and of 15 ind. caught during the wet and
the dry season. Significant differences between seasons are

indicated by * (McNemar tests, p < 0.05). N: sample size

Fig. 4. Seasonal fluctuation in the number of parasite species
between the hot and the cold season (median, quartiles,
minimum, maximum) found in fecal material of 17 Micro-

cebus murinus

Taxon Hot season Cold season Wet season Dry season
N = 17 N = 17 N = 15 N = 15

Nemathelminthes
Ascarididae

Ascarididae sp.1 0 (0–3.16) 0 (0–3.18) 0 (0–3.18) 0 (0–0)
Subulura sp. 2.00 (0–2.65*) 0 (0–2.0) 0 (0–2.85) 2.00 (0–2.65)

Strongylida 
Strongylida sp.1 0 (0–2.40*) 0 (0–1.71) 0 (0–2.4) 0 (0–1.71)

Trichuridae
Trichuris sp. 0 (0–2.18*) 0 (0–2.0) 0 (0–1.71) 0 (0–2.18)

Oxyuridae
Lemuricola sp. 0 (0–1.71*) 0 (0–0) 0 0 (0–1.71)
Oxyuridae sp.1 0 (0–2.18*) 0 (0–1.71) 0 0

All nematode species 2.00 (0–3.20*) 0 (0–3.18) 0 (0–3.18) 2.00 (0–2.70)

Plathelminthes
Cestoda

Hymenolepididae
Hymenolepis sp.1 0 (0–4.35) 0 (0–3.54) 0 (0–3.47) 0 (0–4.35)
Hymenolepis sp.2 0 (0–3.20*) 0 0 0 (0–3.20)

All cestode species 0 (0–4.35) 0 (0–3.57) 0 (0–3.47) 0 (0–4.35)

Protozoa (Coccidia) 1.71 (0–5.25*) 0 (0–3.60) 1.71 (0–5.25) 0 (0–3.81)

All gastrointestinal 2.74 (0–5.25*) 2.65 (0–3.60) 2.93 (0–5.25) 2.00 (0–4.36)
parasites

Table 4. Numbers of parasite eggs, larvae, and coccidian cysts (fecal egg count, FEC) found in 1 g of feces (log10 FEC+1) of 17
Microcebus murinus during the hot and the cold season and of 15 ind. caught during the wet and the dry season. Values are
medians; ranges in parentheses. Significant differences between seasons are indicated by * (Wilcoxon matched-pairs signed 

ranks tests, p < 0.05). N: sample size
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2006), Chapman et al. (2005) suggested that the preva-
lence of many parasites will increase at sites where
global warming becomes effective, thus matching the
phenomenon observed for many human parasites
(Martens 1999, Pascual et al. 2006).

In addition to warm temperature effects, which
speed up the life cycle of parasites during the hot sea-
son, the diet of Microcebus murinus might also con-
tribute to changes in parasite loads. Mouse lemurs feed
intensively on invertebrates when available, for exam-
ple during the hot season (Mittermeier et al. 2006).
Subulura sp. is the most common and prevalent nema-
tode in this lemur population. Insects are intermediate
hosts for eggs of Subulura sp. where the eggs hatch
and develop into larvae that are then ingested by
insect-feeding Microcebus (Chabaud & Larivière 1955,
Irwin & Raharison in press). Thus, it is not surprising
that this parasite species is found in higher frequencies
in the mouse lemur population during the hot season.

These seasonal changes might be reinforced by the
metabolic peculiarities of mouse lemurs. Microcebus
murinus go into torpor and enter hibernation during
the cold season (Petter-Rousseaux 1980, Ortmann et al.
1996, Schmid & Ganzhorn 2009, Kobbe & Dausmann
2009, Dausmann in press). During these periods of
reduced metabolism, the body temperature of Micro-
cebus can decrease to <10°C. This hypometabolism
will slow down parasite metabolism and parasite re-
production in the mammalian host. Thus, even though
parasite excretion seems to differ between parasite
species as well as between different host species, sea-
sonal variation should be taken into account in para-
sitological studies.
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