
 
 
 
 
 

Proceedings of the 

German-Malagasy 
Research Cooperation in Life and Earth Sciences 

 
 
 
 
 
 

Edited by 
 

Christoph Schwitzer, Sylvia Brandt, Olga Ramilijaona, 
Marlène Rakotomalala Razanahoera, Dietrich Ackermand, 

Théodore Razakamanana and Jörg U. Ganzhorn 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Proceedings of the German-Malagasy Research Cooperation in Life and Earth Sciences 
edited by C Schwitzer, S Brandt et al.  © 2006 

 
 
 
 

⑫ 
 
 

Habitat utilisation of nocturnal lemurs in evergreen 
littoral forests of different degrees of degradation 

 
 

TOLONA H. ANDRIANASOLO
a
, TANTELY L. ANDRIANJAZALAHATRA

a
, S. JACQUES 

RAKOTONDRANARY
a
, ROGER E.A.F. RAMAROKOTO

a
, GISÈLE RANDRIA

a
, NINA RÜDEL

b
, 

JÖRG SCHÜLLER
b
 & JÖRG U. GANZHORN

b
 

 
 
 
 
a Département de Paléontologie et d’Anthropologie biologique, Université d’Antananarivo, BP 906, 
Antananarivo 101, Madagascar; b Dept. Animal Ecology and Conservation, Hamburg University, Martin-
Luther-King Platz 3, 20146 Hamburg, Germany 

 
 
 

Abstract 
The aims of this study were to identify the degree of habitat specialisation of nocturnal 
lemurs in the littoral forest of south-eastern Madagascar and to identify structural vegetation 
characteristics which are important for different nocturnal lemur species. For this, habitat 
utilisation of three lemur genera (Microcebus, Cheirogaleus, Avahi) were studied in different 
forests along a gradient of forest structure (reflecting different degrees of degradation). 
Microcebus were the least specialised and Avahi laniger was the most specialised lemur 
species with respect to microhabitat structure. Tree densities were more important for lemurs 
than tree size. As a rule of thumb, forests with about 1400 trees ≥ 5 cm diameter at breast 
height per hectare seem sufficient to provide suitable habitats to allow all nocturnal lemur 
species to persist in the littoral forests of south-east Madagascar. Lower tree densities result 
in the decline of the more specialized species. 
 
Key words: Madagascar, habitat selection, forest degradation, Microcebus, Cheirogaleus, 
Avahi 
 
 
Utilisation de l’habitat par des lémuriens nocturnes dans des forêts littorales de dégradation 
differente 
 
Résumé 
Les objectifs poursuivis dans le cadre de cette étude consistaient à identifier le degré de 
spécialisation des lémuriens nocturnes par rapport à l’habitat dans la forêt littorale du sud-est 
de Madagascar et d’identifier les caractéristiques structurelles de la végétation qui sont 
importantes pour les diverses espèces de lémuriens nocturnes. Pour ce faire, l’utilisation de 
l’habitat par trois genres de lémuriens (Microcebus, Cheirogaleus, Avahi) a été étudiée dans 
diverses forêts le long d’un gradient lié à la structure forestière reflétant divers degrés de 
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dégradation. Les Microcebus se sont avérés être les moins spécialisés et Avahi laniger était 
l’espèce de lémurien nocturne la plus spécialisée par rapport à la structure du microhabitat. 
La densité des arbres était plus importante que la taille des arbres pour les lémuriens. De 
manière empirique, des forêts avec près de 1400 arbres ≥ 5 cm de diamètre à hauteur de 
poitrine à l’hectare étaient suffisantes pour fournir des habitats requis afin de permettre à 
toutes les espèces nocturnes de lémuriens de se maintenir dans les forêts littorales du sud-
est de Madagascar. Des densités dendrologiques plus basses se traduisent par le déclin des 
espèces les plus spécialisées. 
 
Mots-clés : Madagascar, sélection de l’habitat, dégradation de la forêt, Microcebus, 
Cheirogaleus, Avahi  

 
 
 
Introduction 
Lemurs are among the most important target species for conservation in the littoral forest 
remnants of the region of Tolagnaro (Fort Dauphin). Even though no other higher taxon 
has been studied with similar intensity in Madagascar (e.g., Petter et al., 1977; Tattersall, 
1982; Harcourt & Thornback, 1990; Mittermeier et al., 1994) it is still not clear how 
different species respond to habitat degradation or whether or not different species can 
use regenerating or replanted forests (e.g., Ganzhorn, 1987; Ganzhorn & Abraham, 1991; 
Ganzhorn et al., 1997; Goodman et al., 1997; Colquhoun, 1998; Merenlender et al., 1998; 
Styger et al., 1999; Ratsirarson & Ranaivonasy, 2002; Holloway, 2003). This is because it 
is still poorly understood which resources represent essential or limiting factors for 
different lemur species. Schoener (1974) considered habitat utilisation patterns as one of 
the most important dimensions for the separation of potentially competing species. Since 
competition only seems reasonable if resources are limiting, habitat structure might 
represent or at least be correlated with some of these limiting factors. Tree density can be 
correlated with the density of food resources and dense vegetation might provide cover 
against predators. Large trees can provide holes for shelter and facilitate locomotion for 
arboreal species. For these reasons habitat structure and characteristics of microhabitats 
are integrated into many ecological studies. 
If species require specific habitats (habitat specialists) it is to be expected that 
characteristics of the microhabitats used by these species do not differ between different 
forests even though the forests might have a very different vegetation structure. In this 
case the animals would select patches of suitable habitat. Different population densities of 
the animals would then be a consequence of the availability of suitable microhabitats in a 
matrix of less suitable or unsuitable habitat. In contrast to habitat specialists, the structure 
of microhabitats used by habitat generalists should co-vary with the general habitat 
structure of the different forests and the animals should use the structural resources 
according to their availability. 
Thus, comparative studies of microhabitats used by the different species in forests of 
different degrees of degradation might help to understand the ecological flexibility of 
species. It is to be expected that habitat specialists would be more susceptible to habitat 
degradation than habitat generalists. If so, habitat specialists would be better indicators for 
the effectiveness of conservation measures than habitat generalists.  
Of the three genera of nocturnal lemurs occurring in the littoral forests of southeast 
Madagascar Avahi laniger, a member of the Indridae, was expected to be rather 
specialised due to its almost exclusively folivorous diet and its locomotion as a vertical 
clinger and leaper. Microcebus spp. and Cheirogaleus spp. (members of the 
Cheirogaleidae) were expected to represent habitat generalists because they are 
classified as omnivorous and do not have any specific adaptations for locomotion 
(Harcourt & Thornback, 1990). 
Within a comprehensive approach to preserve and restore the littoral forests of south-east 
Madagascar (Vincelette et al., this volume), the aims of this study were to identify habitat 
specialists as possible indicators among nocturnal lemurs which could be used to assess 
forest quality, and to identify structural vegetation characteristics which are important for 
different lemur species. 
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Fig. 1. Location of study sites (modified from Vincelette et al., 2003). Study sites are highlighted in bold. 

 
 
Methods 
Study sites and date 
The study was carried out between November 2000 and January 2001. Data on the 
vegetation structure were supplemented by data collected in 2002 and 2003. Four sites 
have been chosen for this study. The sites were as large as possible to reduce 
fragmentation effects and they represented as many different states of forest degradation 
as possible. The initial selection of study sites was based on the classification of forest 
degradation following MIR-Télédétection (1998). Selected sites were: Ste. Luce S9 north 
(intact forest), S9 south (slightly degraded forest: canopy cover 70-90%; Andrianasolo, 
2004; Rakotondranary, 2004); Mandena M15/M16 (degraded forest: canopy cover 50 - 
70%), and M13 (severely degraded: canopy cover < 20%; fig. 1; Andrianjazalahatra, 2002; 
Ramarokoto, 2002). The state of M13 has been similar to the degradation of M15/M16 in 
1989 but has been degraded to its present state of canopy cover by charcoal makers in 
August 1999, one year before the onset of this study in 2000 (Lewis Environmental 
Consultants, 1992; J.-B. Ramanamanjato, pers. comm.). 
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Vegetation descriptions 
The point-centred quarter method was used to describe microhabitats used by lemurs in 
the different forests and for microhabitats considered as representing forest structure in 
general (Brower et al., 1990). For this, each sample point represents the centre of four 
compass directions that divide the sampling plot into four quarters. In each quarter, the 
distance from the centre of the nearest plant to the sampling point is measured (d1 - d4). 
Two size classes of trees were measured separately: trees ≥ 10 cm DBH (diameter at 
breast height) and trees of 5 - 9.9 cm DBH. Thus, 4 trees of each size class were recorded 
per sample point. Based on these distances the density of trees per unit area (A) can be 
calculated as: A / d2 where d equals the mean distance of the trees to the center of the 
sampling plot. The density of trees is inversely related to the distance between the center 
of the plot and the trees considered. Representative samples (RS) were measured at all 
four sites. In S9 the RS were arranged along the transects used for lemur surveys. Fifteen 
points were measured as the RS in the intact part of S9 and ten points were measured as 
RS in the degraded part of S9. In M13 and M16 50 RS were measured at each site. 
Sample points were located at 25 m intervals along parallel transects spaced 25 m apart 
(Schüller, 2003; Rüdel, 2004). 
 
Lemur microhabitat utilisation 
Existing trails were walked with about 1km/hour once per night. Whenever a lemur was 
encountered the tree was marked. This location was used as the centre of a microhabitat 
used by the lemur species considered. This tree served as the centre for a vegetation 
description according to the point-centred quarter method as described above. Trails 
measured 1000 m in M13, 700 and 1000 m in M15/M16, 1855 m in the northern (intact) 
part of S9, and 1456 m in the southern more degraded part of S9. One transect in M15 
started at the tree nursery at 24° 57.2’ S / 47° 00.2’ E and ran south for 700 m. The other 
transect in M15/M16 also started at the tree nursery but ran west for 1300 m. 300 m of trail 
crossing a swamp and a river were not considered for the lemur surveys. The transects in 
S9 started at the field station (24° 45' S / 47° 11'E). 
 
Assessing selectivity in lemur habitat utilisation 
Selectivity was calculated as the value of microhabitats used by lemurs divided by the 
mean value of the variable in the representative sample of microhabitat descriptions for 
each site. A value of 1 indicates no selectivity. 
 
Statistical analyses 
Student’s t-test, Pearson correlations, parametric analysis of variance (ANOVA) and 
Scheffe’s post-hoc tests were used for the analyses. Data were analysed with SPSS 
(1999). 
 
Results 
Vegetation structure of the four sites according to representative samples 
The forests differed significantly in all measures used to characterise their vegetation 
structure (table 1). The density of trees (large trees: ≥ 10 cm DBH and small trees: 5 - 9.9 
cm DBH) did not differ between the two sites in Ste. Luce and M15/M16 in Mandena but 
was significantly reduced in M13. Both measures reflect lower tree density in M13 
compared to all other sites. Large trees had bigger DBH in Ste. Luce than at both sites in 
Mandena. The DBH of small trees was larger in Mandena than in Ste. Luce, but this 
difference did not remain significant in the post-hoc test. 
The distance (density) of large trees was negatively correlated with the distance (density) 
of small trees (r = -0.50, n = 530, p < 0.001). This reflects the different states of forest 
patches. At sites with high densities of large trees, regeneration is inhibited and the 
density of small trees is reduced. If large trees have been removed, increased light levels 
allow increased regeneration and growth of smaller trees. 
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Microhabitats used by different lemur species 
Microcebus spp. 
Mouse lemurs are represented by Microcebus rufus in Ste. Luce and by M. murinus in 
Mandena. Therefore the habitat utilisation of these two species is considered separately 
for the two areas (Ste. Luce and Mandena). 
The microhabitats used by M. rufus do not seem to be characterised by specific vegetation 
structures. In the more degraded southern part of S9 the mouse lemurs were found in 
areas with lower densities of small trees than in the intact part in the north. In the northern 
part of S9 M. rufus selected microhabitats with denser stands of large and small trees 
(table 3). This was not the case in the southern part of S9 even though average densities 
of trees were similar in both parts. These results do not seem to be consistent and are 
therefore difficult to interpret. 
Microhabitats used by M. murinus differed between M13 and M16 (table 2). In M13 Mouse 
lemurs were found in microhabitats where the density of large trees was much lower than 
in M15/M16. However, this difference is due to the different vegetation structure of the two 
sites rather than due to selection processes. Mouse lemurs do not seem to select their 
microhabitats in relation to the density of large trees. The results of table 3 indicate that 
Mouse lemurs selected patches with high densities of small trees with small diameters in 
M13. This measure represents areas with dense shrub vegetation. 
 
 

Table 1. Representative samples of microhabitats of the four study sites. Values are means and 
standard deviations. N = sample size; F-values indicate overall differences between sites according to 
ANOVA. Different superscripts indicate differences between sites with p < 0.05 according to Scheffe’s 
post-hoc test. * p < 0.05; ** p < 0.01; *** p < 0.001 

 
 S9 north S9 south M15/M16 M13 F 
N 15 10 50 50  
Distance of large trees ≥ 10 cm DBH 4.8a ± 1.3 4.7 a ± 1.1 5.3 a ± 2.4 11.1b ± 4.1 37.33***
Distance of small trees 5–9.9 cm DBH 4.0 a ± 0.8 4.3 a ± 0.8 3.8 a ± 2.0 6.9 b ± 3.5 13.35***
DBH of large trees ≥ 10 cm DBH 19.8 a ± 4.5 18.7 ab ± 3.8 15.9 b ± 3.9 15.8 b ± 5.3 4.06** 
DBH of small trees 5–9.9 cm DBH 6.8 a ± 0.9 6.5 a ± 0.7 7.3 a ± 0.7 7.1 a ± 0.8 3.55* 
 
 

Table 2. Vegetation characteristics of microhabitats used by Microcebus rufus in S9 of Ste. Luce and 
M. murinus in Mandena. Differences between sites were tested with t-tests for samples with equal or 
different variance. * p < 0.05; ** p < 0.01; *** p < 0.001 

 
  M. rufus M. murinus 
 S9 north S9 south t M15/M16 M13 t 
N 31 15  30 15  
Distance of large trees 4.0 ± 1.6 4.2 ± 1.4 0.49 5.1 ± 1.7 10.2 ± 4.1 4.63***
Distance of small trees 3.0 ± 1.0 4.0 ± 1.0 3.18** 4.0 ± 1.9 5.1 ± 2.4 1.69 
DBH of large trees 19.6 ± 3.8 18.2 ± 2.7 1.32 15.4 ± 3.8 14.9 ± 5.0 0.36 
DBH of small trees 6.7 ± 0.9 6.4 ± 0.8 1.09 6.0 ± 0.7 5.9 ± 0.6 0.50 

 
 

Table 3. Selectivity of Microcebus spp. for microhabitat structures. Selectivity was calculated as the 
value of microhabitat variables used divided by the mean value of the variable in the representative 
sample of microhabitat descriptions of the site considered; significance levels indicate deviations of the 
observed values from 1 (= no selectivity) according to one-sample t-tests. * p < 0.05; ** p < 0.01; *** p < 
0.001 

 
 M. rufus M. murinus 
 S9 north S9 south M15/M16 M13 
N 31 15 30 15 
Distance of large trees 0.83 ± 0.34 ** 0.90 ± 0.30 0.97 ± 0.37 0.92 ± 0.37 
Distance of small trees 0.74 ± 0.26 *** 0.93 ± 0.23 1.06 ± 0.49 0.74 ± 0.34 **
DBH of large trees 0.99 ± 0.19 0.97 ± 0.14 0.97 ± 0.24 0.94 ± 0.32 
DBH of small trees 0.99 ± 0.13 0.99 ± 0.13 0.82 ± 0.09 *** 0.82 ± 0.08 ***
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Cheirogaleus spp. 
Dwarf lemurs (Cheirogaleus medius and C. major) occur at all sites. Identification of the 
two species turned out to be difficult at night in the forest. Therefore data for both species 
were pooled. The structures of microhabitats used by Cheirogaleus spp. at the four study 
sites differed significantly in all structural characteristics except for the density of small 
trees (expressed as the distance of small trees from the centre of the microhabitat 
description; table 4). Since the four study sites differ significantly in their densities of small 
trees (table 1) this result indicates that Dwarf lemurs prefer forest patches with a specific 
density of small trees. This interpretation is supported by the results of the analyses on the 
selectivity of Dwarf lemurs. In all but the site with the highest density of small trees 
(M15/M16) the animals showed a significant selection of microhabitats with high densities 
of small trees (table 5). The animals also chose patches with higher densities of large 
trees (as indicated by the significant selection listed in table 5). 
 
 

Table 4. Vegetation characteristics of microhabitats used by Cheirogaleus spp. For further explanations 
see Table 1. * p < 0.05; ** p < 0.01; *** p < 0.001 

 
 S9 north S9 south M15/M16 M13 F 
N 114 76 30 15  
Distance of large trees  3.4 a ± 0.9 4.1 ab ± 1.3 4.9 b ± 2.0 9.0 c ± 3.1 56.73*** 
Distance of small trees  3.4 ± 2.6 3.9 ± 1.6 3.3 ± 1.3 3.9 ± 1.9 1.19 
DBH of large trees  19.9a ± 4.3 19.6 ab ± 3.9 16.3 b ± 6.5 16.4 b ± 4.5 6.70*** 
DBH of small trees 7.0 a ± 0.9 6.7 ab ± 0.8 6.0 b ± 0.7 6.2 b ± 0.6 10.70*** 

 
 

Table 5. Selectivity of Cheirogaleus spp. for microhabitat structures. For further explanations see Table 
3. * p < 0.05; ** p < 0.01; *** p < 0.001 

 
 S9 north S9 south M15/M16 M13 
N 114 76 30 15 
Distance of large trees 0.73 ± 0.20 *** 0.86 ± 0.30 *** 0.93 ± 0.39 0.78 ± 0.26 ** 
Distance of small trees 0.84 ± 0.66 * 0.89 ± 0.39 * 0.98 ± 0.41 0.62 ± 0.29 *** 
DBH of large trees 1.01 ± 0.22 1.03 ± 0.24 1.03 ± 0.41 1.02 ± 0.27 
DBH of small trees 1.03 ± 0.13 * 1.02 ± 0.17 0.82 ± 0.09 *** 0.87 ± 0.09 *** 
 
 
Avahi laniger 
Woolly lemurs (Avahi laniger) occur at all sites. Similarly to the situation found for Dwarf 
lemurs, Woolly lemurs were found in microhabitats with rather similar densities of small 
trees even though the density of these small trees differed substantially between the four 
study sites (tables 6 & 7). Woolly lemurs also seemed to select microhabitats with high 
densities of large trees. This selection was most pronounced in M13 where large trees 
were spaced widely apart. Here, the animals selected patches where trees are still much 
closer together than in the rest of the study site (table 7). This might be due to the need for 
facilitated locomotion of this vertical clinger and leaper which jumps from trunk to trunk 
rather than using horizontal branches of the canopy to move from one tree to the next 
(Ganzhorn, 1989; Warren & Crompton, 1998; Thalmann, 2003). The differences and 
significant selection with respect to the size of small trees can not be explained. Both 
study sites of Ste. Luce are characterised by small trees of similar diameters of 6.5 - 6.8 
cm DBH (table 1). Here, A. laniger selected trees of 7.0 - 7.4 cm DBH (table 6) which were 
significantly larger than the trees in the representative sample (table 7). However, small 
trees of the representative samples of the two sites of Mandena were about as large as 
the trees selected by A. laniger in Ste. Luce. But in Mandena the animals used smaller 
trees. 
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Table 6. Vegetation characteristics of microhabitats used by Avahi laniger. For further explanations see 
Table 1. * p < 0.05; ** p < 0.01; *** p < 0.001 

 
 S9 north S9 south M15/M16 M13 F 
N 106 45 16 15  
Distance of large trees 3.4 a ± 1.0 4.0 ab ± 0.8 4.7 b ± 0.9 6.7 c ± 1.9 34.49***
Distance of small trees 2.9 a ± 1.1 3.4 ab ± 1.1 3.3 ab ± 1.3 3.9 b ± 1.9 3.62* 
DBH of large trees 21.2 a ± 4.8 19.7 a ± 4.3 15.2 b ± 3.6 14.9 b ± 4.9 12.76***
DBH of small trees 7.0 a ± 0.9 7.4 a ± 0.1 6.0 b ± 0.8 6.0 b ± 0.8 14.64***

 
 
Table 7. Selectivity of Avahi laniger for microhabitat structures . For further explanations see Table 3. * 
p < 0.05; ** p < 0.01; *** p < 0.001 

 
 S9 north S9 south M15/M16 M13 
N 106 45 16 15 
Distance of large trees 0.70 ± 0.20 *** 0.85 ± 0.17 *** 0.89 ± 0.18 * 0.57 ± 0.17 ***
Distance of small trees 0.72 ± 0.26 *** 0.80 ± 0.27 *** 0.88 ± 0.34 0.57 ± 0.27 ***
DBH of large trees 1.05 ± 0.24 1.04 ± 0.20 0.95 ± 0.22 0.93 ± 0.32 
DBH of small trees 1.03 ± 0.14 * 1.15 ± 0.16 *** 0.82 ± 0.09 *** 0.85 ± 0.11 ***

 
 
Discussion and Conclusions 
The forests surveyed in this study differed considerably in the degree of degradation. 
While M13 can hardly be considered to represent a forest any more, M15/M16 and 
especially S9 are in fairly good condition. This gradient of different levels of degradation 
should have allowed to distinguish between habitat specialists and habitat generalists. 
Habitat specialists should have used microhabitats with rather similar structure regardless 
of the structure of the forest in general. Habitat generalists were expected to use 
microhabitats more according to the availability of different structures in the forests.  
Previous studies have shown for all three genera of nocturnal lemurs considered here, 
that microhabitats used by the different species had a different vegetation structure than 
microhabitats which were not used or were used to a lesser extent. The modified habitat 
structure was then used to explain reduced population densities of these species in 
degraded or secondary habitats (Sussman et al., 1985; Ganzhorn, 1987, 1989; Ganzhorn 
et al., 1997; Smith et al., 1997; Ganzhorn & Schmid, 1998;  Ratsirarson & Ranaivonasy, 
2002; Rendigs et al., 2003; Rüdel, 2004). Despite these indications for specific habitat 
requirements by all three taxa, Microcebus spp. are considered to have very broad habitat 
tolerances because they occur in almost any forest ecosystem while Avahi laniger ought 
to be the most specialised due to its folivorous lifestyle and specialised mode of 
locomotion. 
In the present study all species showed some degree of habitat selectivity. Microcebus 
spp. showed significant selectivity in five out of 16 possible analyses (table 3). 
Cheirogaleus spp. and Avahi laniger seemed more specialised and showed significant 
selection in eight and 10 of the 16 comparisons, respectively (tables 5 & 7). This confirms 
the previous notion that Microcebus has the least specialised habitat requirements while 
Cheirogaleus spp. and Avahi laniger are more specialised. Measures of tree densities 
were more important than tree size for all species. Suitable habitats for the more 
specialised species (Cheirogaleus and Avahi) are characterised by distances of 3 - 4 m 
between the small trees and the centre of the sampling plot (tables 4 & 6). Patches where 
distances between trees are larger seem less suitable. A mean distance of 4 m of the 
trees to the center of the point-centred plot would be equivalent to 625 small trees per 
hectare; a mean distance of 3 m would correspond to about 1100 small trees / ha. The 
large trees have to be added to these figures. 
New population estimates for Avahi laniger from 2004 indicate that populations remained 
stable in S9 and M15/M16 but collapsed in M13 (Seheno Randriamanga and Ivan Norscia, 
pers. comm.). For Avahi laniger the mean distance of the trees to the center of the 
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sampling plot ranged between 2.9 m and 4.7 m in S9 and M15/M16. These distances 
correspond to about 2000 trees ≥ 5 cm DBH per hectare in S9 and 1370 trees ≥ 5 cm DBH 
per hectare in M15/M16. These tree densities seem sufficient to maintain viable 
populations of A. laniger.  
Distances of large and small trees to the center of the sampling plots in M13 were 3.9 m 
and 6.7 m, respectively. These distances correspond to 223 trees ≥ 10 cm DBH and 657 
trees ≥ 5 cm DBH (total of 880 trees) per hectare. Our studies (in 2000/2001) indicate that 
A. laniger made efforts to select microhabitats where tree density was as high as possible, 
but the population decline in M13 indicates that tree densities or the number of patches 
with suitable tree densities available in M13 were insufficient to maintain the population 
which seems to have gone extinct in M13 by 2004. These tree densities provide a rule of 
thumb of the minimal structural habitat requirements of nocturnal lemurs in the littoral 
forests of south-eastern Madagascar.  
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