Chapter 18

Effects of Habitat Alteration on Resting
Behaviour of the Sahamalaza Sportive Lemur
in North West Madagascar

Melanie Seiler, Marc Holderied, and Christoph Schwitzer

Abstract This study is the first to assess the impact of habitat degradation and
fragmentation on sleeping site choice and activity budgets of the Sahamalaza sportive
lemur (Lepilemur sahamalazensis), first described in February 2006 and exclu-
sively confirmed for the remaining forest fragments on the Sahamalaza Peninsula.
Seventeen individual Lepilemurs in forests of different degradation levels that used
two classes of sleeping sites (tree holes vs. tree tangles) were observed for 606 h
during the day and 324 h at night. 24-h activity budgets were quantified. Preliminary
analyses show differences in the ratio of active to inactive behaviour: (a) between
different types of sleeping sites, and (b) between differently degraded forest frag-
ments. Individuals resting in tree tangles were active during 7.4 % of daylight hours,
while those resting in tree holes were active for 25.4 % of the time. During the day,
Lepilemurs never left their chosen resting site. Individuals in a young secondary
forest fragment were active for 14.3 min/h during daylight hours, in mixed and
mature secondary forest fragments 12.6 and 9.1 min/h, respectively, and in a
degraded primary forest fragment 2.7 min/h. However, the latter group had a higher
percentage of time out of sight. These differences are most likely predator avoid-
ance strategies and highlight the importance of intact mature forests for this species.
Further research into the diurnal habits of this nocturnal primate, investigating their
anti-predator responses, and detailed habitat requirements is ongoing.
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Introduction

The deforestation rate of Madagascar continues to be enormous with a reduction of
33 % of primary forest types since the 1970s (Moat and Smith 2007) endangering
all forest-dwelling organisms. The current rate of forest loss is roughly 1,500 km?/
year, which means that if this rate continues, all primary vegetation of Madagascar
will be gone by 2067 (Moat and Smith 2007). The lemur superfamily Lemuroidea
counts approximately 100 endemic species that are exclusively found in the forests
of Madagascar. Members of the genus Lepilemur (family Lepilemuridae; Gray
1870), known as sportive lemurs, are small folivores (446—1,000 g) that have
received notably little scientific attention (Groves 2001; Harcourt and Thornback
1990; Mittermeier et al. 2006; Tattersall 1982). Based on differences in mtDNA
sequences, the number of Lepilemur species recently increased from a previous
total of 7 species (Harcourt and Thornback 1990; Tattersall 1982) to 26 species
(Andriaholinirina et al. 2006; Craul et al. 2007; Lei et al. 2008; Louis et al. 2006;
Rabarivola et al. 2006; Ramaromilanto et al. 2009). Many of these Lepilemur spe-
cies are only confirmed for single locations (Andriaholinirina et al. 2006; Craul
et al. 2007; Louis et al. 2006; Rabarivola et al. 2006), and with the limited reproduc-
tive rates typical for similar-sized primates (female maximum reproductive output
is one offspring/year; Randrianambinina et al. 2007) they are particularly vulnera-
ble to human-caused disturbances.

The Sahamalaza sportive lemur (Lepilemur sahamalazensis; Fig. 18.1) is one of
the numerous lemurs recently described (Andriaholinirina et al. 2006). Since it
received species status, the Sahamalaza sportive lemur has been included on the
World’s Top 25 Most Endangered Primates 2006-2008 (Mittermeier et al. 2007).
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Fig. 18.1 Sahamalaza sportive lemur (L. sahamalazensis) resting in a tree hole of the species
Bridelia pervilleana during the day
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L. sahamalazensis is the first Lepilemur, and the first nocturnal lemur, to be included
on this list. It is currently red-listed as Data Deficient by the [UCN, but likely to be
reassessed as Critically Endangered (Olivieri et al. 2008).

Taking into account their limited distribution, the small extent of remaining
forest cover within their distribution range, as well as an average of 2.8 individuals
found per hectare by Ruperti (2007), there are probably around 3,000 individual
L. sahamalazensis remaining in their natural habitat. Although the range of this cat-
sized, nocturnal primate is not precisely known, it is probably limited to the
Sahamalaza Peninsula in northwestern Madagascar (Olivieri et al. 2007). This area
has experienced rapid deforestation and habitat destruction over recent history.

Strictly arboreal species such as Lepilemur, who are unable to cross the non-
forest matrix within their distribution range, will eventually become extinct when
their habitat patches get too small and disconnected to support a viable gene pool/
flow (Fahrig 2003; Frankham et al. 2002). The smallest forest fragment with con-
firmed Lepilemur persistence has been found to be 6 ha for L. ruficaudatus in west-
ern dry deciduous forest (Ganzhorn et al. 2000; Gibbons and Harcourt 2009). As an
effect of a combination of all these and other factors, several Lepilemur species are
now confirmed or thought to be at risk of imminent extinction (Bachmann et al.
2000; Mittermeier et al. 2007; Ravaoarimanana et al. 2001).

Besides deforestation and habitat fragmentation, general forest degradation (e.g.
through selective logging, disturbance of sapling growth by zebu cattle, bush pigs,
goats, other livestock) is an aggravating factor putting lemur populations under
further stress. Habitat degradation might also mean easier access for predators
and hence increased predation pressure (Andren and Angelstam 1988; Estrada and
Coates-Estrada 1996; Wilcove 1985; Wilcove et al. 1986; but see Onderdonk and
Chapman 2000). Better visibility and accessibility resulting from logging and frag-
mentation has been discussed as one reason for increases in some raptor popula-
tions, leading to the conclusion that fragmentation may be more disruptive to lemur
populations than to predatory raptors (Colquhoun 2006; Karpanty 2003). Very little
is currently known regarding how nocturnal primates respond to predation threats,
especially when they are vulnerable to predators that have different daily activity
patterns to them (Fichtel 2007). During the day, hawks and eagles may hunt sleeping
nocturnal lemurs, like Lepilemur, as well as active diurnal lemurs, and fossas and
boas hunt during day and night (Karpanty 2006; Wright 1998). In forests exposed to
human activity, hunters are an additional predation threat for many lemur species.
For sportive lemurs, the threat from humans is thought to greatly outweigh that from
natural predators, such as the Madagascar harrier hawk (Polyboroides radiatus), the
Fossa (Cryptoprocta ferox) and constricting snakes such as Acrantophis madagas-
cariensis, Acrantophis dumereli, and Sanzinia madagascariensis (Colquhoun 2006).

The ability to develop foraging and resting strategies for risk avoidance is theo-
rized to be an important factor in primate sociality (Janson and Goldsmith 1995;
Janson and van Schaik 1993; Stanford 1995). Thus, the selection of an appropriate
sleeping site may be essential for survival in primates (Rasoloharijaona et al. 2006).
Sleeping sites should not only provide shelter from aerial and terrestrial predators
but also protect from difficult climatic conditions like rain, wind, or temperature
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fluctuations in order to limit energy expenses for maintaining basal body metabolism
(e.g. Anderson 1998). This might be particularly important for sportive lemurs, as
they are known to exhibit the lowest known metabolic rates among mammals
(Schmid and Ganzhorn 1996), and may profit particularly from sleeping site selec-
tion guided by metabolic constraints. Since the number of suitable sleeping sites is
potentially limited, they are also considered as one factor shaping sociality in these
primates (Rasoloharijaona et al. 2008).

Preliminary data from a study conducted by Ruperti in 2007 at Sahamalaza
National Park suggested that factors associated with primary forest areas were vital
for the continued existence of the Sahamalaza sportive lemur. In particular, a high
density of large trees, extensive canopy cover, as well as the availability of vegeta-
tion tangles, tree holes, and food plants were correlated with higher densities of
L. sahamalazensis (F. Ruperti, pers. comm.). Sahamalaza sportive lemurs were
observed to react differently to aerial predators (Polyboroides radiatus and Buteo
brachypterus) than to humans and other ground-dwelling animals (F. Ruperti, pers.
comm.). The author of that same study commented that L. sahamalazensis was also
easy and defenceless prey to humans because of its choice of exposed sleeping sites
and therefore heavily hunted by natives. The combination of a very limited range,
rapidly decreasing suitable habitats, and high hunting pressure thus renders this spe-
cies particularly vulnerable to extinction (Olivieri et al. 2007).

Based on the preliminary data collected by Ruperti (2007), we hypothesised that
the level of diurnal activity shown by Sahamalaza sportive lemurs differed in differ-
ently degraded forest fragments. Our prediction was that the animals were more
active in more degraded fragments, as the latter would have less dense canopies and
would thus demand a higher level of vigilance concerning aerial predators.
Additionally, we hypothesised that the level of diurnal activity differed between dif-
ferent types of sleeping sites, and predicted that individuals were more active when
they occupied tree holes than when resting in vegetation tangles.

Methods

Study Site

The Ankarafa Forest is situated within the UNESCO Biosphere Reserve and
National Park on the Sahamalaza Peninsula, and is part of the Province Autonome
de Mahajanga, NW Madagascar. It extends between 13°52’S and 14°27'S and
45°38’E and 47°46’E (WCS/DEC 2002; Fig. 18.2). The climate is strongly sea-
sonal, with a cool, dry season from May to October and a hot, rainy season from
November to April. The Ankarafa Forest lies within a transition zone between the
Sambirano region in the North and the western dry deciduous forest region in the
South, harbouring semi-humid forests with tree heights of up to 30 m (Schwitzer
et al. 2006). The forests in this area include a mixture of plant species typical of the
western dry deciduous forest as well as some typical of the Sambirano domain
(Birkinshaw 2004) and comprise primary and secondary forest fragments.
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Fig. 18.2 Study fragments in the Ankarafa Forest, Sahamalaza Peninsula, northwest Madagascar:
A=mature secondary forest, B=degraded primary forest, C=secondary forest, D =vegetation mosaic
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There are no large connected areas of intact primary forest left on the Sahamalaza
Peninsula, and the remaining fragments all show some degree of anthropogenic
disturbance and/or edge effects (Schwitzer et al. 2007a, b). The forests and forest
fragments are separated through grassland with shrubs. The Sahamalaza sportive
lemur has so far been confirmed exclusively for this area. Other lemur species in
Sahamalaza include the blue-eyed black lemur (Eulemur flavifrons), the aye—aye
(Daubentonia madagascariensis), the western bamboo lemur (Hapalemur occiden-
talis), the giant mouse lemur (Mirza zaza), and an as yet unidentified species of
dwarf lemur (Cheirogaleus sp.). The lemur species living in Sahamalaza are threat-
ened by hunting and forest destruction (Schwitzer et al. 2006). The Ankarafa Forest
is home to the Ankarafa Research Station, where previous research efforts in the
region have taken place and which was also the research base for this study.

Selection of Forest Fragments

Within a 2 km radius from the field station there are several secondary forest frag-
ments of various degrees of degradation, interspersed with small remainders of
primary vegetation and separated by grass savannah and mosaics of low- to medium-
height shrubs. Ruperti (2007) showed differences in forest characteristics of 1 ha
plots between fragments as well as within different sections of larger fragments. She
referred these differences to past and ongoing anthropogenic disturbance. For our
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study we selected three forest fragments based on Ruperti (2007) work and one
additional fragment where L. sahamalazensis was also present (M. Craul, pers.
comm.). After visual inspection on arrival at the field site in mid-2009 we ranked
the four fragments along a degradation gradient A-D (with A being least and D
being most degraded) based mainly on perceived tree density (see Gerwing 2002),
which concurred with the results of Ruperti (2007) habitat description, where
A=mature secondary forest, B=degraded primary forest, C=secondary forest, and
D=vegetation mosaic (Fig. 18.1). The two fragments A and C as well as parts of the
vegetation mosaic D were in the process of regeneration after significant human
disturbance of the original forest vegetation over an extended period in the past. We
considered them to be at least 35 years old, based on aerial and satellite images and
GIS data (Harper et al. 2007), and to exhibit the key characteristics of post-aban-
donment secondary forest according to the definition by Chokkalingam and de Jong
(2001). In order to confirm our visual assessment and to verify that there had not
been any major changes to the forest structure since Ruperti (2007) study, a quanti-
tative structural description and quantification of differences in forest characteris-
tics between the fragments was one aim of this study.

Forest Characterisation

The four forest fragments were described using the Point-Centered-Quarter method
(Ganzhorn 2003). For this, 252 points (63 points per fragment), distributed along
line transects through the forest fragments with a distance of 25 m between them,
were selected. Distance to the nearest small tree (5—-10 cm DBH) and the nearest
large tree (>10 cm DBH) was measured; trees were described in terms of species,
DBH, height, and crown diameter. We calculated the density of trees per hectare as
10,000/d?, where d is the mean distance between the centre point and the nearest
tree. Trees were identified to at least genus level by our local field assistants, refer-
ring to Schatz (2001) and to tree species identifications carried out by the
Département de Flore at Parc Botanique et Zoologique de Tsimbazaza in
Antananarivo as part of an earlier study in the same forest fragments by Schwitzer
et al. (2007b). We identified 94.6 % of large and 93.7 % of small trees. During com-
prehensive but nonsystematic searches in the four forest fragments, each Lepilemur
sleeping hole (N=25) was marked and recorded using a handheld GPS device.

Behavioural Monitoring

During preliminary observations of four L. sahamalazensis during 2 days and 2 nights
each in early July 2009, a basic ethogram of both diurnal and nocturnal behaviours
was obtained using continuous focal animal sampling (Altmann 1974; Martin and
Bateson 1993). Whenever new behaviours were encountered during subsequent data
collection, they were added to the ethogram. From July to October 2009, 606 h of
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diurnal behavioural observations (06:00—18:00 h) and 324 h of nocturnal observations
(18:00-06:00 h) were conducted on 18 sportive lemurs, 17 of which (3 males, 7
females, 7 individuals of unknown sex) were observed during the day and 4 (2 males,
2 females) during the night. The latter four individuals were fitted with radio tags
(TW3 SM, Biotrack, Dorset, UK) and were followed using a portable TR-4 receiver
(Telonics Inc., Arizona, USA) and a three-element yagi antenna (Biotrack, Dorset,
UK). Diurnal and nocturnal behaviours and additional information related to spatial
and ecological factors (e.g., location within the home range, climatic conditions) were
recorded continuously during 6- or 12-h observation sessions using focal animal
sampling. The exact time (hour, minute, second) of each activity was noted. Each
individual was observed for a minimum of 3 days and 3 nights to quantify home range
size, habitat use, food preferences, activity budget, social behaviour, anti-predator
behaviour, vocal spectrum, and context of vocalisations. We compared the behaviour
of individuals in differently degraded forest fragments and between different sleeping
sites to assess the effects of habitat destruction and the influence of different day
roosts. Here, we only refer to diurnal behaviour and resting site usage of the species.

Statistics

To test for differences in structural habitat characteristics and in diurnal activity
levels between fragments of different degradation levels we used non-parametric
Kruskal-Wallis ANOVA. When differences between fragments were statistically
significant, we applied multiple Mann—Whitney U tests with Holm’s Sequential
Bonferroni corrections as post hoc tests. Units of statistical analysis were centre
points in case of the habitat description (n=63 points/forest fragment) and individ-
ual sportive lemurs observed in case of the comparison of diurnal activity levels
(n=3, 4, 4, and 7 for fragments A, B, C, and D, respectively). To compare diurnal
activity levels between two different types of sleeping site we used non-parametric
Mann—Whitney U tests. The significance level a was chosen as 5 % (p <0.05). All
statistical tests were carried out using SPSS 16.0 (SPSS Inc., Chicago, USA).

Results

Habitat Description

The four described forest fragments differed significantly in density of large and
small trees, height of large trees, and crown diameter of small trees (Mann—Whitney
U tests with Holm’s Sequential Bonferroni corrections after Kruskal-Wallis
ANOVA; p<0.05; Table 1). Whereas the secondary forest fragment (C) had the
highest tree density and largest crown diameter, the degraded primary forest frag-
ment (B) contained the overall largest and tallest trees and had the highest species
diversity (Table 1).
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Diurnal Activity Budget in Differently Degraded
Forest Fragments

During diurnal observations, 4.5-23.9 % of behaviours were considered active (i.e.
autogrooming, resting vigilant, monitoring other species, biting/licking tree, and
changing position), although the animals never left their sleeping sites. We found a
trend towards higher levels of activity in secondary forest and vegetation mosaic
than in mature secondary or degraded primary forest with the respective Kruskal—
Wallis ANOVA approaching significance (p=0.082; Table 2).

Diurnal Activity Budget at Different Types of Sleeping Sites

We found a significant difference in diurnal activity between two different types of
sleeping site, with a higher level of activity in tree holes as compared to vegetation
tangles (p=0.0008, Mann—Whitney U test, two-tailed; Table 3).

Discussion

Our results showed significant differences in forest structure between the four study
fragments, which were not consistent for all measured variables. Contrary to our
expectations and our initial ranking, the secondary forest fragment (C) had the high-
est tree density and largest crown diameter, whilst the degraded primary forest frag-
ment (B) contained the overall largest and tallest trees and had the highest plant
species diversity. Thus, based on our results we would have to rank the secondary
forest fragment (C) as the least degraded, followed by the degraded primary forest
fragment (B), the vegetation mosaic (D), and finally the mature secondary forest
fragment (A) as the most degraded. This sequence does not concur with the results
of Ruperti (2007), who described the mature secondary forest fragment (A) as the
least degraded one, whilst, as in our study, the degraded primary forest came out
second. The differences between our results and those of Ruperti (2007) may be due
to different methods of data collection. Whereas Ruperti and coworkers measured
habitat structure variables inside 1-ha plots (one for each fragment), we worked
along line transects that covered a considerably larger area and possibly greater
detail of the respective forest fragments. After several centuries of anthropogenic
and subsequent natural degradation, the forests of the Sahamalaza Peninsula seem to
be heterogeneous on an increasingly small scale, which makes it difficult to assign
entire fragments to existing categories such as primary or secondary forest. In order
to measure habitat quality for a forest-dwelling species in a biologically meaningful
way in forests such as those in our study area, it may make more sense to concentrate
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on areas known to be within the home ranges of the species in question, which in
case of Lepilemur are usually below 1 ha of size (Albignac 1981; Hladik and
Charles-Dominique 1974; Russell 1978; Warren and Crompton 1997; Zinner et al.
2003). Another factor that may have contributed to the differences between Ruperti
et al. (2007) and our habitat description is ongoing habitat alteration, which has
increased in magnitude since the political crisis in Madagascar in early 2009. Forest
and bush fires have been occurring on the Sahamalaza Peninsula on an almost daily
basis during recent years, and illegal logging of hardwoods is also a common occur-
rence. Due to the methodological differences between the two studies it is impossi-
ble to assess how much of a role these activities have played, however.

Based on the preliminary data collected by Ruperti (2007), we hypothesised that
the level of diurnal activity shown by Sahamalaza sportive lemurs differed in differ-
ently degraded forest fragments. Our prediction was that the animals were more
active during the day in more degraded fragments, as the latter would have less
dense canopies and would thus demand a higher level of vigilance concerning aerial
predators. We found a trend towards higher levels of activity in secondary forest and
vegetation mosaic than in mature secondary or degraded primary forest. However,
the results from our habitat description, which showed the mature secondary forest
fragment to be the most degraded, disproved our prediction. Aligning structural
habitat differences with differences in diurnal activity levels between the four study
fragments, there was a trend for L. sahamalazensis to be less active in habitat with
larger and taller trees and higher plant species diversity.

Additionally, we hypothesised that levels of diurnal activity differed between dif-
ferent types of sleeping sites, and predicted that individuals were more active when
they occupied tree holes than when resting in vegetation tangles. We found a statisti-
cally highly significant difference in diurnal activity levels between lemurs resting in
tree holes and such resting in tree tangles, with activity more than three times higher
in individuals resting in tree holes. As almost the entire diurnal activity of L. saha-
malazensis consisted of vigilantly scanning their surroundings, our results indicated a
higher level of vigilance in those animals having chosen tree holes as resting sites.
The observed Lepilemurs seemed to be more sensitive to birds of prey and moving
leaves than animals or noise on the ground, suggesting that especially the individuals
resting in tree holes, possibly due to the less dense cover of foliage in the immediate
vicinity (tree holes were often found in dead trees of Bridelia pervilleana), are more
vulnerable to aerial predators (M. Seiler, personal observation). The threat to
Lepilemur from predation is however not restricted to birds of prey. Faecal analyses
of fossa (Cryptoprocta ferox), Madagascar’s largest mammalian terrestrial predator,
revealed that Lepilemur are this species’ most common mammalian prey item in the
dry forests of Western Madagascar (Dollar et al. 2007). Ruperti (2007) speculated that
the multitude of escape routes available from vegetation tangles rather than tree holes
explained why many L. sahamalazensis were found in tangles during her study, even
when tree holes previously used by Lepilemur were available nearby—similar to
woolly lemurs (Avahi spp.), nocturnal lemurs similar in body size to Lepilemur, that
prefer to sleep in tangled vegetation. Overall, the results of our study indicate that



268 M. Seiler et al.

resting site type seems to be a more relevant constraint on diurnal activity levels of
L. sahamalazensis than the degree of habitat degradation. The availability of suitable
shelters for daytime use is also suggested to be associated with the distribution of the
Milne-Edwards’ sportive lemur L. edwardsi (Rasoloharijaona et al. 2003). There seem
to be regional differences regarding the use of tree holes or vegetation tangles as rest-
ing sites by Lepilemur (Ruperti 2007). Both sexes of L. edwardsi use dense vegetation
and holes in hollow trees high above the ground as shelters for sleeping during the day
(Rasoloharijaona et al. 2008) with the majority of sleeping sites (92 %) being tree
holes (Rasoloharijaona et al. 2003). The apparent preference of L. edwardsi for tree
holes led Rasoloharijaona et al. (2008) to conclude that survival of this species will
strongly depend on the availability of mature rain forests with suitable hollow trees.
On the other hand, Charles-Dominque and Hladik (1971) found L. leucopus to sleep
in tree holes only rarely. During strategic diurnal searches in Ankarafa by Ruperti
(2007), only 7 % of L. sahamalazensis were found in tree holes and the great majority
rested in vegetation tangles; the number of tree holes available inside the 1-ha study
plots, which differed between differently degraded forest types, did not seem to have
an influence on the percentage of individuals resting in this type of sleeping site in
Ruperti’s study. We did not count the number of available tree holes in any of the frag-
ments in this study, since a comparative count of the number of available tree tangles
was impossible due to insufficient knowledge on the species’ criteria for the choice of
tree tangles as resting sites.

The differences in Lepilemur diurnal activity levels between different types of rest-
ing sites and between differently degraded forest fragments are most likely predator
avoidance strategies and highlight the importance of intact mature forests for this
species. Further research into the diurnal habits of this nocturnal primate, investigat-
ing their anti-predator responses and detailed habitat requirements, is ongoing.
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