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Gastrointestinal parasite infection of the Gray
mouse lemur (Microcebus murinus) in the littoral
forest of Mandena, Madagascar: Effects of forest
fragmentation and degradation

Brigitte M. Raharivololona' and Jérg U. Ganzhorn'

ABSTRACT

Faecal material from 169 individuals of Microcebus murinus
living in five littoral forest fragments was analyzed for gastro-
intestinal parasites. The fragments differed in size and forest
quality. Gastrointestinal parasite infection of M. murinus was
characterised using parasite species richness, the prevalence
of parasites, and the intensity of infection expressed as the
number of parasite eggs, larvae and cysts per gram of faeces.
For this, a modification of the McMaster flotation egg counting
technigue was applied to analyze egg shedding. We recorded
nine gastrointestinal parasite species in faecal samples of
Microcebus murinus.In good quality forest lemurs from a smaller
fragment had higher prevalences and intensities of infection of
gastrointestinal nematodes and protozoans than animals from
a larger forest fragment. In large forests, excretion of eggs from
Ascarididae and tapeworms was higher in a degraded forest frag-
ment than in a good quality forest fragment. This situation was
reversed in small forest fragments with fewer eggs of Suburula
nematodes and protozoans shed by lemurs in the degraded
fragment than by lemurs from the good quality fragment. Our
analyses are hampered by the fact that we had only one forest
fragment per type of treatment. Keeping this limitation in mind,
the results are consistent with other studies and indicate that
forest degradation and fragmentation have marked effects on
the level of parasitism of Madagascar’s lemurs.

RESUME

Des matieres fécales de 169 individus de Microcebus murinus
vivant dans cing fragments de forét littorale du sud de
Madagascar ont été analysées par la méthode modifiée de
flottaison de McMaster. Ces animaux avaient été capturés
entre avril 2003 et octobre 2005. Les fragments de forét dif-
ferent entre eux par la taille et le degré de dégradation. Pour
étudier I'impact de la fragmentation et de la dégradation de la
forét sur l'infestation parasitaire de cette espéece de Iémurien,
trois critéres ont été évalués qui sont le nombre d'espéces de
parasite, la prévalence et I'intensité de I'infestation. Les frag-
ments ayant des tailles différentes mais montrant un méme
type de dégradation ont fait I'objet d'une comparaison au
méme titre que des fragments présentant un méme degré de
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dégradation mais de mémes tailles. Neuf especes de parasites
gastro- intestinaux ont été recensées chez Microcebus murinus
de la forét de Mandena dont six nématodes avec une espéece
non-identifiée de la famille des Ascarididae et de |'ordre des
Strongylida, Trichuris sp., deux especes d'Oxyuridae dont I'une
est du genre Lemuricola et une autre qui n'est pas encore
identifiée, Subulura sp., deux cestodes appartenant au genre
Hymenolepis et un protozoaire de I'ordre des Coccidia. La
fragmentation et la dégradation de la forét de Mandena
affectent le parasitisme de cette espece de lémurien.

Les deux tendances qui ressortent de cette étude sont,
d'une part, une augmentation de I'intensité et de la prévalence
des parasites gastro-intestinaux de Microcebus murinus dans
les plus petits fragments forestiers et d’autre part, une augmen-
tation qui semble étre en relation avec le degré de dégradation
de la forét dans les plus grands fragments. L'augmentation du
nombre d'espéces de parasites avec la taille des fragments
peut étre une conséquence de la taille des fragments ou du
nombre d'animaux échantillonnés. Dans les grands fragments,
les microcebes sont plus souvent infestés par les deux especes
de cestode lorsqu'ils sont dans des foréts dégradées que dans
les fragments plus ou moins intacts. Dans les plus grandes
parcelles forestieres, la prévalence et I'intensité de I'infestation
parasitaire sont plus élevées chez les microcebes vivant dans
les fragments tres dégradés. Ce fait pourrait étre di a la
réduction ou la perte de I'habitat associée a I'organisation
sociale de I'animal car M. murinus dort en groupe pendant le
jour, de sorte qu'une réduction de son habitat pourrait favoriser
une augmentation des contacts interindividuels et la transmis-
sion de parasites, bien que I'infestation des microcébes n'était
pas liée a la densité des hotes d'une maniere significative. En
connaissant I'effet néfaste des parasites, cette étude contribue-
rait a I'amélioration de la conservation de la biodiversité en rela-
tion avec les risques et les bénéfices des activités d’exploitation
et de gestion de I'écosystéme.

KEY WORDS: Lemurs, primates, gastrointestinal parasites,
fragmentation, degradation.
MOTS CLEF : Iémuriens, primates, parasites gastro-intestinaux,
fragmentation, dégradation.
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MADAGASCAR CONSERVATION & DEVELOPMENT

INTRODUCTION

The outstanding biodiversity of Madagascar is threatened by
the destruction of native habitats such as forest fragmentation,
degradation and subsequent erosion (Mittermeier et al. 2004,
Elmqvist et al. 2007, Harper et al. 2007, Alinutt et al. 2008). In
addition to the destruction of habitat, native species can be
affected by the transmission of disease (Wallis and Lee 1999,
Smith et al. 2009). The effects of changes in the pathways of
parasite transmission, changes in parasite prevalence in modi-
fied habitats, and the effects of newly introduced parasites on
native species have received little attention in Madagascar even
though there are signs of disease transmission from introduced
to native species (Begon et al. 1999, Duplantier and Duchemin
2003, Duplantier et al. 2003), which might lead to population
declines of the endemics (Goodman 1995). Host populations
can be affected by parasites through a reduction in popula-
tion growth (Hudson et al. 1998, Hochachka and Dhondt 2000),
through reduced survival and decreased physical fitness
(Chandra and Newberne 1977, Boyce 1990, Dobson and Hudson
1992, Hudson et al. 1992, Coop and Holmes 1996), or through
reduced birth rates due to malformations and abortion (Chandra
and Newberne 1977, Despommier et al. 1995).

Studies on gastrointestinal parasites of primates have
focussed on haplorhine primates (Appleton et al. 1986, Eley
et al. 1989, McGrew et al. 1989, Stoner 1996, Stuart et al.
1990, 1998, Muller-Graf et al. 1997, Ashford et al. 1990, 2000,
Lilly et al. 2002, Hahn et al. 2003, Gillespie et al. 2004, 2005,
Chapman and Huffman 2009). Prosimians’ gastrointestinal para-
sites are less well studied. Some studies have been conducted on
lemur parasites, but most studies have focussed on inventories
and morphological descriptions (e.g., Chabaud and Choquet 1955,
Chabaud and Brygoo 1956, Chabaud and Petter 1958, 1959,
Chabaud et al. 1961a,b, 1964, 1965, Petter et al. 1972, Hugot et
al. 1995, 1996, Randriamiadamanana 1998, Hugot and Baylac
2007, Rasambainarivo 2008). Few studies were based on animals
in their natural habitat (Junge and Louis 2002, 2005, 2007, Junge
and Sauther 2006). Schwitzer et al. (In press) compared the
prevalence of gastrointestinal parasites in Eulemur flavifrons
in primary and secondary forest in the Sahamalaza National Park
of northwestern Madagascar. In their study, a higher percent-
age of lemurs were infected with gastrointestinal parasites in
secondary than in primary forest. Irwin and Raharison (Submit-
ted) summarize the current knowledge about endoparasites
of lemurs in Madagascar. Raharivololona (2006, 2009) extends
the previous knowledge on gastrointestinal parasites by data
from a long-term study on Microcebus murinus from the littoral
forest fragments of Mandena with additional information on the
occurrence of these parasites in sympatric lemurs and other
small mammals (Raharivololona et al. 2007). In these forests,
Schad et al. (2004, 2005) found the highest parasite loads in
mouse lemurs living in one of the smaller fragments. They were
able to correlate the occurrence of parasites with specific
alleles of the major histocompatibility complex. More recently
Wright et al. (2009) analyzed the ectoparasite communities
of Propithecus edwardsi in Ranomafana National Park. Ecto-
parasite infestation did not change much between primary
and more degraded rain forest but changed significantly
between the cool and the hot season.

Fragmentation of primary forests, degradation of habi-
tats and conversion into anthropogenic landscapes is a
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rapid process in Madagascar (see references cited above).
While the protected area system has been extended over
the last few years in the wake of the Durban vision, the
established protected areas risk to become more and more
isolated due to development activities and climate change
(Burney et al. 2004, Bodin et al. 2006, Hannah et al. 2008).
Animals will then remain in the isolated fragments or have
to use secondary and degraded corridors to move between
primary forest sites. This situation leads to an increase in edge
effects and possible disease transmission by non-forest or
introduced species, such as rats, humans and other species
associated with human activities. The question then is how
animals are affected by fragmentation and degradation. To
gain more insights into possible effects of these processes
on lemurs we extend previous reports on the ecological
context of the occurrence and intensity of infection by gastro-
intestinal parasites of Microcebus murinus living under different
environmental conditions in the humid littoral forest of south-
eastern Madagascar (Schad et al. 2004, 2005, Raharivololona et
al. 2007, Raharivololona and Ganzhorn In press, Ganzhorn et al.
In press). In particular, we address the questions:
e Are parasite loads of Microcebus murinus related to
host density?
« Do parasite loads differ in forest fragments of similar
forest quality but of different size?
« Do parasite loads differ in forest fragments of similar
size but different degrees of degradation?

METHODS

STUDY SPECIES. Microcebus murinus, the Gray mouse

lemur, is a small (average 60 g) nocturnal and omnivorous
lemur. It is widespread and not considered endangered. Its diet
consists of insects, fruit, flowers, and leaves. They also eat sap,
gum, secretions from homopteran larvae, and small vertebrates
such as frogs, geckos, and chameleons. This lemur forages alone
but congregates at daytime sleeping sites. The species is arbo-
real, polygynous, and distributed throughout western, southern,
and southeastern Madagascar (Figure 1). They occur in primary,
secondary, and disturbed forest habitats (Martin 1972, Petter et
al. 1977, Lahann et al. 2006, Mittermeier et al. 2008).

STUDY SITE. The study was carried out in fragments

M5, M13, M15, M16, and M20 of the littoral forest of
Mandena, 12 km northeast of Tolagnaro at sites ranging in
altitude from 0 to 20 m (Figure 1). Annual rainfall is about 1,600
mm (Vincelette et al. 2007a). The forest fragments differed in
size and their degree of degradation. Vincelette et al. (2007b)
measured the state of a given forest fragments in 50 m intervals
along 50 m wide transects in each forest block. If the block
was too narrow to include more than one transect, a single line
was drawn with transects shorter than 50 m and perpendicu-
lar to the main line. The following data were obtained at each
sampling position spaced 50 m apart and within the 50 x 50 m
grid: General condition of the forest; signs of cutting (stumps)
and fires; openings and agricultural areas; and observations
of the vertical structure of the forest canopy level (upper,
intermediary, or lower). Finally, the field observer evaluated, in
a diagrammatic way, the canopy cover at the sampling position.
The observer estimated the percentage of surface area occu-
pied by the tree canopy within a 20 m radius of the sampling
site. In cases where the canopy was continuous, represent-
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FIGURE 1. Location of study areas in the Tolagnaro region. The forest
remnants are numbered and shown as dark shading. Eucalyptus planta-
tions are crosshatched. Swamps with bordering Melaleuca (introduced)

are marked with curved lines. The grey area in the insert map marks the
distribution of Microcebus murinus on Madagascar (insert map from Ramon
Hernando Orozco/ Conservation International; detailed map modified from
Ramanamanjato and Ganzhorn 2001).

ing 100 % cover, this corresponds to a littoral forest in good
condition. The percentage canopy cover was then categorized
in five classes of forest degradation (Vincelette et al. 2007b;
Table 1). Additional measures to describe the vertical
stratification of the forest blocks and schematic drawings are
presented in Ganzhorn et al. (2007), Rabenantoandro et al.
(2007) and Rasolofoharivelo (2007).

Fragments were classified as: M20: small and
degraded/low quality forest; M13: large and degraded/low
quality forest; M5: small and good quality forest (less degraded
than M20; M20 underwent continuous degradation over the
course of the study); and M15: large and good quality forest
(less degraded than M13). Except for fragment M16, the state
of the forest fluctuated only within a given category of degra-
dation during the study period. The fragment M16 underwent
degradation and subsequent recovery over the course of the
study. In the previous analyses M16 had been combined with
M15 as the two fragments can be considered to be contiguous
even though a swamp separates them. However, we did record
marked changes in the population density of M. murinus in
M16 over time, which might have been linked to the degrada-
tion of M16 (but not in M15). Since the consequences of the
ephemeral degradation for parasite infections are unclear,
we did not consider M16 in the present analyses. However,
the descriptive data of M16 are listed for comparison.
M16 resembles M15 with respect to parasite preva-
lence and the intensity of infection. Therefore, pooling of
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M16 with M15 would have strengthened the results and
conclusions based on M15 (Table 1).

ANIMAL CAPTURE. Small mammals were captured with

Tomahawk and Sherman (Tomahawk Live Trap CO.
Tomahawk, WI; H. B. Sherman Traps, Inc., Tallahassee, FL) live
traps using standard procedures at permanent study sites set
up in different forest fragments of Mandena (Ramanamanjato
and Ganzhorn 2001). Traps baited with banana were set for four
nights per month at 80 or 100 localities per fragment between
April 2003 and October 2005. Trapping sessions rotated between
fragments systematically to avoid effects of seasonality and to
achieve similar trapping effort at each locality in each month.
Our own trapping was discontinued from January to April when
females had babies. Additional faecal samples (29 samples
from M15, M16 and M20 of the 169 samples) were provided
from animals caught by Petra Lahann, Nina Rudel, Jorg Schuller
and Bjorn Siemers. The samples collected by Petra Lahann had
been collected in M15 between November 2003 and March
2004. Traps were checked in the morning. Trapped animals
were released in bags to be sexed, measured, weighed,
and marked permanently with subdermal transponders.
Animals were released at the locality where they had been
captured at the beginning of the night. Trapping and handling
was authorized by permits issued by the Ministere de
I"'Environnement, des Eaux et Foréts Malgache.

Population densities (individuals per hectare) were meas-
ured as the number of animals caught per site by the size of
the permanent study site. These densities fluctuated over the
years. The low number of captures does not allow applying
density calculations based on mark-recapture data. Population
density estimates vary between 3 and 21 animals per hectare
and increased from M5 — M13 - M20 — M15 — M16 (Ganzhorn
et al. 2007). Total population size of the host was calculated by
multiplying density estimated by the size of the forest fragment.

FAECAL SAMPLING AND ANALYSES. Fresh faeces were

collected from handling bags or traps and stored in
vials containing 4% formalin (traps and handling bags were
cleaned after use). A modification of the McMaster flot-
ation egg counting technique (Sloss et al. 1994) was applied
to analyze egg shedding which has been considered a
valid method of evaluating worm burden 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 this, 300 mg of faeces were triturated in a beaker with
3 ml of a saturated potassium iodide solution (KI) with a specific
weight of 1.5 g/ml. The mixture was poured through a tea
strainer to eliminate non-digested large particles. The residue in

TABLE 1. Characteristics of fragments of the littoral forest of Mandena (as of the year 2000), trapping effort and capture results.

Fragment

M5 M13 M15 M16 M20 Total
Size (ha) 28 80 113 75 15
% Canopy cover in 2000 51-70% <20% 51-70% 21-50% 21-50%
Forest quality Good Poor Good Intermediate Poor
Number of trapnights 3,300 4,200 2,347 3,800 2,800 16,447
Number of faecal samples 28 64 82 174 79 427
Number of M. murinus (without recaptures) 14 24 54 47 30 169
Density of M. murinus (ind./ha) 4 6.2 9.7 13.3 9.7
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the tea strainer was washed with 1 ml of KI. The suspension was
filled to a volume of 4.5 ml with the Kl 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 five minutes before examining. During this time,
eggs, larvae and cysts float to the surface of the McMaster
counting chambers. The slide was then examined with 100x and
400 x magnification to identify and count all eggs, larvae and
oocysts inside the ruled squares. This method was developed
by Meyer-Lucht (2003) and has been applied successfully in a
number of other studies (e.g., Meyer-Lucht and Sommer 2005,
Schad et al. 2005). The procedures for parasite identification
have been described previously (Raharivololona 2006, 2009).
The assignment of eggs and larvae to some of the species listed
in Table 2 has been verified by comparisons with adult parasites
found in the digestive tract (Raharivololona 2009).

The analyses were based on the prevalence (= percent-
age of infected Microcebus murinus) of different nematode
morphotypes in a population and the faecal egg count (FEC)
value as measurements of the intensity of the parasite burden.
For consistency with our previous papers we define FEC as
the number of eggs and larvae found in one gram of faeces
of one individual. This definition deviates from the generally
accepted term, which includes only eggs. It is obtained by
multiplying the number of eggs and larvae counted in the
two chambers of Mc Master’s cell by 50 (Euzéby 1981). Since
M. murinus could be infested with parasites from other animals
(such as from rats which share all parasites found in M. murinus
[Raharivololona et al. 2007]) or some of the parasites excreted
by M. murinus could be parasites from their invertebrate prey,
precautions were taken to increase the probability that the
parasites described were actual parasites of M. murinus. For
this, some individuals of M. murinus were kept for four days in
guarantine. Faecal samples were collected each morning and
analyzed for parasites. Food passage time was investigated
with markers and determined to be below 24 hours in all cases.
Therefore all parasites found in the faeces 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 (Raharivololona 2009).

STATISTICS. For the present analyses each individual

Microcebus murinus was used only once. For the quanti-
fication of parasite loads we used the faecal sample collected
at the first capture of the animal. Data from recaptures
were not considered for two reasons: First, most recaptures
occurred within a single 4-night trapping session. Since
traps were baited with banana and animals were fed banana
while held in the traps, faeces consisted almost exclusively
of banana the night after an animal had been caught. If an
animal had been caught in 1-2 day intervals, the faeces
were again different. Second, statistics would have been
further complicated by varying recaptures of individuals
in other months (with or without recaptures within these
months). We are aware that we might lose information by not
considering the data from the various recaptures, but the
guality of data would not be the same for all data points,
regardless of what kind of nested analyses we would apply.
If a parasite species was not detected in the first sample,
but was found later, it was not included in the present
analyses. This approach matches the screening for para-
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sites in most primate studies where repeated captures of the
same individuals is not possible.

Since data deviated from normality we applied non-
parametric statistics and restricted the analyses to single
factor comparisons. For the analyses of the effects of fragment
size, fragments were matched by the degree of degradation.
For the analyses of the effect of degradation, fragments
were matched by their size.

The statistical approach is a little bit misleading as we
analyse data from four forest fragments, and use a series of
pair-wise comparisons to compare pairs of fragments. Thus,
in a rigorous statistical way, sample size equals 1 for each
treatment. While the fragments vary in strategic ways (e.g.
small degraded versus large degraded), any differences
described in these pair-wise comparisons and linked to the
variables ‘forest size’ and ‘forest degradation’ may be from
the postulated source (e.g. fragment size) but could be due to
something else entirely. Thus, the results have to be considered
as ‘indications’ of possible effects of size and disturbance, but
further study are necessary to verify this more directly.

RESULTS

In 16,447 trap nights we caught 169 individuals of
Microcebus murinus in the five littoral forest fragments of
Mandena (Table 1). These animals were infected with a total of
nine gastrointestinal parasite species: Eight helminth species and
one protozoan. The helminths included six nematodes: One spe-
cies of Ascarididae and one of the order Strongylida, Trichuris sp.,
two species of Oxyuridae (Lemuricola sp. and one non-identified
species), Subulura sp., and two cestodes (Platyhelminthes, genus
Hymenolepis). The protozoan was a member of the Coccidia (Table
2). We consider all of these forms true parasites of M. murinus.

PARASITE LOADS AND HOST DENSITY. Though statistical

analyses are hampered by the low number of fragments,
the number of different parasite species found seems to
increase with the number of individuals captured, but this trend
was not significant (Tables 1, 2). Neither parasite prevalence
nor the intensity of infection was correlated significantly with
the density of Microcebus murinus according to Spearman
rank correlations (Tables 1, 3, 4).

Subsequently we summarize the results of the pair-wise
comparisons of the different aspects of parasite loads between
fragments of different size and forest quality. The data and the
results of the statistical comparisons are listed in Tables 3 and
4. Significant differences between fragments are highlighted in
the tables and described in the text. Non-significant results are
listed in the tables but not described in detail in the text.

EFFECT OF FRAGMENT SIZE IN GOOD QUALITY FOREST

FRAGMENTS. The effect of forest and population size on the
parasite load of Microcebus murinus was compared between
the two good quality fragments M5 (small) and M15 (large).

Parasite species richness: On average, individual
Microcebus murinus from the small fragment M5 harbor more
parasite species than animals from the large fragment M15
(Mann Whitney U test: z=2.25, p<0.05; Figure 2).

Prevalence of parasites: Nematodes occurred in a higher
percentage of Microcebus murinus individuals in M5 than in M15.
This difference was not significant if based on M15 alone (X°=3.16,
df=1, 0.05 < p < 0.1), but was significant if data from M16 were
included (X?=4.37, df=1, p<0.05). On a specific level, the preva-
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TABLE 2. Species of gastrointestinal parasites of Microcebus murinus in different littoral forest fragments (+: present; -: absent).

Fragment
M5 M13 M15 M16 M20
Size (ha) 28 80 113 75 15
Forest quality Good Poor Good Intermediate Poor
Number of M. murinus captured 14 24 54 47 30
Nemathelminthes
Ascarididae
Ascarididae species + + + + +
Subulura sp. + + + + +
Strongylida
Strongylida species - - + + +
Trichuridae
Trichuris sp. + - + - +
Oxyuridae
Lemuricola sp. - + + - +
Oxyuridae species + - + + +
Total number of nematode species 4 3 6 4 6
Plathelminthes
Cestoda
Hymenolepididae
Hymenolepis sp1 + + + + +
Hymenolepis sp2 - + + + +
Total number of cestode species 1 2 2 2 2
Protozoa (Coccidia) + + + + +
Total number of all parasite species 6 6 9 7 9

TABLE 3. Prevalence (%) of different gastrointestinal parasite species in Microcebus murinus in five littoral forest fragments. Differences between fragments
were evaluated with Chi-Square and Fisher’s Exact tests; for Chi-square tests Chi-square values and significance categories are listed; for Fisher’s Exact test
only p-values are listed: * p < 0.05; ** p < 0.01.

Fragment Comparison
M5 M13 M15 M16 M20 M5 - M15 M20 - M13 M15 - M13 M5- M20
Number of M. murinus 14 24 54 47 30
Nemathelminthes
Ascarididae
Ascarididae species 21.4 37.5 11.1 17 30 0.38 X?=0.34 0.01* 0.72
Subulura sp. 71.4 20.8 37 44.7 23.3 X? = 4.43* X? =0.05 X? =2.00 X =9.31%*
Strongylida
Strongylida species 0 0 11.1 10.6 6.7 0.33 0.5 0.17 1
Trichuridae
Trichuris sp. 14.2 0 7.4 0 10 0.6 0.25 0.31 0.65
Oxyuridae
Lemuricola sp. 0 4.2 9.3 0 3.3 0.58 1 0.66 1
Oxyuridae species 7.14 0 3.7 8.5 20 0.51 0.02* 1 0.4
Prevalence of all nematodes 85.7 45.8 50 57.5 56.7 X? = 3.16* X =0.63 X*=0.12 0.09
Plathelminthes
Cestoda
Hymenolepididae
Hymenolepis sp1 21.4 33.3 7.4 38.3 26.7 0.15 X2 =0.28 0.006** 1
Hymenolepis sp2 0 8.3 1.9 2.1 6.7 1 1 0.22 1
Prevalence of all cestodes 21.4 37.5 7.4 40.4 33.3 0.15 X?=0.10 0.002** 0.5
Protozoa (Coccidia) 85.7 58.3 44.4 46.8 40 X? = 5.18* X?=1.80 X?=1.28 X? = 8.05**
Prevalence of all gastrointestinal parasites 92.9 87.5 741 78.7 83.3 0.13 p=0.72 X? =176 0.65




MADAGASCAR CONSERVATION & DEVELOPMENT

lence of Subulura sp. and of Coccidia were higher in M5 than in
M15 (X?=4.43 and X?=5.18, df=1, p < 0.05, respectively; Table 3).

Intensity of infection: Faeces of Microcebus murinus from
M5 contained higher concentrations of nematode eggs and
larvae, particularly of Subulura sp. and cysts of Coccidia than
those of animals from M15 (z = 2.48, p = 0.013; 2= 2.20, p =
0.028; z = 3.47, p = 0.001, respectively). Considering the total
parasite community, mouse lemurs from M5 showed higher
numbers of helminth eggs and larvae plus protozoan cysts than
individuals from M15 (z = 3.55, p < 0.001; Table 4).

Effect of fragment size in degraded forest fragments
The effect of forest and population size on parasite loads of
Microcebus murinus was compared between the two degraded
fragments M20 (small) and M13 (large).

Parasite species richness: The average number of parasites
per individual Microcebus murinus did not differ between differ-
ent sized degraded forest fragments (Figure 2).

Prevalence of parasites: Among the nematodes, only the
non-identified species of Oxyuridae differed significantly in their
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prevalence between M20 and M13, reaching higher prevalence in
the smaller fragment (Fisher's exact test: p = 0.023; Table 3).
Intensity of infection: As a logical consequence of the find-
ing that the prevalence of oxyurid nematodes was 0 in M13, the
higher prevalence of the oxyurid nematode in M20 was paralleled
by a higher faecal egg and larvae count in this fragment than in
M13 (z = 2.30, p < 0.05) with a maximum count of 50 eggs and
larvae /g faeces in Microcebus murinus from M20 (Table 4).
EFFECT OF FOREST DEGRADATION IN LARGE FOREST FRAG-
MENTS. The effect of forest degradation in large forest
fragments was based on the comparison of the parasite loads of
Microcebus murinusinM13(poor quality)and M15(good quality).
Parasite species richness: Lemurs from the degraded
fragment M13 are significantly more often infected by both
species of cestodes (Hymenolepis spp.) than animals from
the higher quality forest fragment M15 (Mann Whitney
U test: z = 3.22, p < 0.001). Given the uncertainties
associated with quantitative analyses of cestodes, this
result might need further study.

TABLE 4. Number of parasite eggs and larvae (in case of helminths) or cysts (in case of Protozoa) per gram of faecal materials in M. murinus of different frag-
ments. Values are medians; minima and maxima in brackets. Differences between fragments were evaluated with Mann-Whitney U test; values are z-values

and associated significance: * p < 0.05; ** p < 0.01; *** p < 0.001.

Fragment Comparison
M5 M13 M15 M16 M20 M5 - M15 M20 - M13 M15 - M13 M5 - M20
Number of M. murinus 14 24 54 47 30
Nemathelminthes
Ascarididae
Ascarididae 0 0 0 0 0 1 0.59 2.63** 0.56
species [0-11900]  [0-25100] [0-8400] [0-2850] [0-12700]
Subulura sp. 50 0 0 0 0 2.20* 0.4 1.41 2.68**
[0-600] [0-150] [0-800] [0-750] [0-550]
Strongylida
Strongylida 0 0 0 0 0 1.3 1.28 1.69 0.98
species [0-0] [0-0] [0-50] [0-250] [0-50]
Trichuridae
Trichuris sp. 0 0 0 0 0 0.68 1.58 1.36 0.32
[0-50] [0-0] [0-550] [0-0] [0-650]
Oxyuridae
Lemuricola sp. 0 0 0 0 0 117 0.13 0.77 0.68
[0-0] [0-50] [0-50] [0-0] [0-200]
Oxyuridae species 0 0 0 0 0 0.55 2.30* 0.94 1.13
[0-50] [0-0] [0-50] [0-50] [0-150]
All nematodes 150 0 25 50 75 2.48** 0.38 0.48 0.93
[0-11900] [0-25150] [0-9150] [0-2900] [0-13150]
Plathelminthes
Cestoda
Hymenolepididae
Hymenolepis sp1 0 0 0 0 0 1.51 0.16 2.88** 0.64
[0-5550] [0-16800] [0-4500] [0-59350] [0-8400]
Hymenolepis sp2 0 0 0 0 0 0.51 0.31 1.4 0.98
[0-0] [0-3000] [0-1000] [0-1000] [0-50]
All cestodes 0 0 0 0 0 1.47 0.35 3.20%** 0.81
[0-5550] [0-16800] [0-4500] [0-59350] [0-8400]
Protozoa (Coccidia) 5300 75 0 0 0 3.47xx* 1.18 1.44 3.06**
[0-687600] [0-159600] [0-39400] [0-525600] [0-148800]
All parasites (eggs, 9725 675 200 1300 200 3.55%** 0.38 1.93* 2.50%*
larvae and cysts) [0-688200]  [0-184750]  [0-39400]  [0-526200]  [0-161950]




MADAGASCAR CONSERVATION & DEVELOPMENT

FIGURE 2. Number of gastrointestinal parasite species in individual
Microcebus murinus in different forest fragments. Values are medians,
quartiles and ranges.

Prevalence of parasites: Among the nematodes,
Ascarididae showed higher prevalence in the degraded M13 than
in the intact forest of M15 (p < 0.05). The cestode community
in general and Hymenolepis sp1 in particular were significantly
more abundant in M13 than in M15 (p < 0.05; Table 3).

Intensity of infection: The higher prevalence of Ascarididae in
M13 was associated with higher counts of eggs of this parasite in
M13than in M15 (z = 2.63; p < 0.01). Mouse lemurs from M13 shed
significantly more parasite eggs, larvae and cysts than animals
from M15 (z =1.93, p < 0.05). Apart from the higher egg counts
of Ascarididae, this was due to higher counts of cestode eggs in
general, and in particular of Hymenolepis sp1. (all cestodes: z=
3.20, p = 0.001; Hymenolepis sp1:z =2.88, p < 0.01; Table 4).

EFFECT OF FOREST DEGRADATION IN SMALL FOREST

FRAGMENTS. The effect of forest degradation in small forest
fragments was based on the comparison of the parasite loads of
Microcebus murinus in M20 (poor quality) and M5 (good quality).

Parasite species richness: The average number of parasites
per individual Microcebus murinus did not differ between small
forest fragments with different forest quality (Figure 2).

Prevalence of parasites: The prevalence of Subulura sp.
and of Coccidia was significantly higher in the less degraded
fragment M5 than in the degraded fragment M20 (X*= 9.31,
p < 0.01 and X?= 8.05, p < 0.01, respectively; Table 3).

Intensity of infection (Faecal Egg Count): Again, the differ-
ence in prevalence was mirrored by differences in the intensity
of infection. These differences were significant for the parasite
community in general (z = 2.50, p < 0.05) as well as for Subulura
Sp. (z = 2.68, p < 0.01) and Coccidia (z = 3.06, p < 0.01; Table 4).

DISCUSSION

Madagascar's forests suffer from fragmentation and deg-
radation (Mittermeier et al. 2004, Elmqvist et al. 2007,
Harper et al. 2007, Allnutt et al. 2008). Apart from causing
reductions in population size, these processes increase the
exposure of native forest animals to more generalized spe-
cies, which can use the anthropogenic matrix around the
remaining fragments and act as vectors for diseases.
Despite an early warning of possible negative effects of the
infection of native mammals by diseases carried by intro-
duced species (Goodman 1995), little work has been done
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to assess these effects (Duplantier and Duchemin 2003,
Duplantier et al. 2003).

A study on the occurrence of gastrointestinal parasites
in a small mammal community of the littoral forest ecosystem
showed that rats (Rattus rattus) share many gut parasites with the
native small mammal species (Raharivololona et al. 2007). Since
rats also use non-forested areas, they can spread parasites
from one forest fragment to another. The results of the study
illustrated that forest degradation was an important component
of disease transmission and favored the spread of diseases.
However, sample size was small and statistical significance
weak in the previous analysis. Therefore we extended the
database. Jovani and Tella (2006) discuss possible problems
associated with sample size in parasitological studies.
They conclude that a sample size around 15 represents a
reasonable number to maintain an acceptable level of uncer-
tainty. Our sample sizes match this recommendation, but we
certainly cannot exclude artifacts.

In principle, the results of the previous study were confirmed
by the additional data presented here. Lemurs from large frag-
ments (M15 and M13) had lower parasite loads than animals
from corresponding smaller fragments (M5 and M20). This
also matches the results of studies on mainland Africa where
gastrointestinal parasite load of colobus monkeys from Kibale
National Park in Uganda was negatively correlated to the size
of the forest fragments (Gillespie and Chapman 2006). Despite
their lower parasite loads on an individual level, more parasite
species were found in the larger fragments as a whole. This
may be a consequence of the larger samples of hosts (more
individuals) caught in the larger fragments.

The effect of degradation was not so clear. Results
from Kibale in Uganda suggest that the prevalence of para-
sites should be higher in degraded than in non-degraded
forests (Gillespie and Chapman 2006). Schwitzer et al.
(In press) also reported higher parasite prevalence in
Eulemur macaco flavifrons in degraded than in intact forests.
This expectation was confirmed when comparing large frag-
ments in Mandena. Here, forest degradation was linked to
increased parasite load in the degraded fragment. However, in
our study, the result was reversed when comparing degraded
and less degraded small fragments. A possible interpretation
could be that lemurs in small fragments have more parasites
anyhow and that the size effect masks the effect of degradation
in small fragments. But then we would expect similar levels
of parasitism in both small fragments. The situation might be
complicated further by social interactions and population densi-
ties. In general, the transmission of diseases increases with the
number of social contacts, either due to the animals’ social
system (e.g., group living) or with increasing population density
(Anderson and May 1979, 1991, Freeland 1976, Davies et al. 1991,
Phillippi and Clarke 1992, C6té and Poulin 1995, Loehle 1995,
Morand 2000, Hudson et al. 2002, Altizer et al. 2003, Nunn et
al. 2003). Absolute population densities of Microcebus murinus
are unknown for the different fragments, but trapping success
was lower in M5 compared to M20, indicating higher population
densities in M20 than in M5 (Table 1). This higher population
density might have led to higher contact frequencies and thus
increased disease transmission between M. murinus in M20
compared to M5. Thus, population characteristics of the host
also do not match the expectations. In contrast, lemur densities
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seem to be very similar in M13 and M15 (Ganzhorn et al. 2007)
or might be even lower in M13 than in M15 (Table 1). Based on
the results from other studies, host density and encounter rates
might act as confounding factors. Their consequences for the
situation in Mandena remain unknown.

In conclusion, the intensity and prevalence of gastrointesti-
nal parasites of Microcebus murinus are elevated in small forest
fragments and seem to increase with the degree of forest degra-
dation in larger fragments. Since mouse lemurs share some
of their gastrointestinal parasites with other small mammals,
including introduced rats, it is likely that this increased infes-
tation is driven by multiple factors, including fragment size
and disturbance. Additionally, local ecological factors such as
increased disease transmission through introduced species
and crowding effects may also be important factors affecting
parasite species richness, prevalence and egg counts.
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