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The island, with its various climatic conditions, 
contains a variety of ecosystems including lowland 
rain forest, savannas, desert-like habitats, and dry 
deciduous forests. The latter are well known for their 
importance in terms of biodiversity. They have a 
lower plant species diversity than the eastern forests 
but the level of endemism is higher (Mittermeier et 
al. 1997). Dry deciduous forests host a very diverse 
fauna and this exceptional richness seems to be re-
lated to their ecological heterogeneity (Du Puy & 
Moat 1998). However the dry forests of Madagascar 
have so far been rather neglected in terms of conser-
vation, although their degradation and fragmentation 
have become increasingly serious (Smith 1997). Suf-
fering from regular fires, dry forests are considered 
the most threatened biome in the world (Raselima-
nana & Goodman 2004). The dry deciduous forest 
of the study site Ankarafantsika is one of the two 
largest remaining forest areas (Conservation Interna-
tional 1994).

INTRODUCTION
Understanding the factors that regulate species dis-
tribution and abundance are of key importance in 
ecology. Madagascar is recognized as one of the most 
diverse and endangered biodiversity hotspots on 
Earth (Mittermeier et al. 2006). Despite its small size 
(only 2% of the African surface area), its taxonomic 
diversity is comparable to Africa, tropical America, 
and Asia. It ranks second in the world for the prima-
te diversity and contains the third highest number of 
primate taxa, with 99 species and subspecies (Mitter-
meier et al. 2008). It is also renowned for its high 
floristic diversity, its high rate of endemism, and  
the presence of archaic species. It hosts 210 families, 
1600 genera, and 12 000 to 14 000 species of vascu-
lar plants, 80% of which are endemics (Schatz 2000, 
Phillipson et al. 2006). 
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The abundance of lemur species can vary consid-
erably between sites, but the reasons for these varia-
tions are mostly not known. Mouse lemurs (Micro
cebus spp.), the smallest of all extant primates, are 
present throughout the remaining forest habitats of 
Madagascar (Mittermeier et al. 2006). The genus 
comprises at least 18 species island-wide (Louis et al. 
2008, Mittermeier et al. 2008) but only a maximum 
of two species have been reported to coexist in a given 
region. In the Ankarafantsika National Park two 
species of mouse lemur, Microcebus murinus and M. 
ravelobensis, partially coexist but their coexistence is 
not equally expressed everywhere (Rakotondravony 
& Radespiel 2009). Whereas M. ravelobensis occurs 
exclusively at some sites, both species are present  
with varying relative abundance at other sites (Rako-
tondravony 2007). The ecological reasons for these 
vary ing patterns of coexistence are not yet under-
stood. Previous studies have shown that these two 
species have a similar body size (zimmermann et al. 
1998) and a similar overall diet, with insect secretions 
and gum as the main food resources during the dry 
season (Radespiel et al. 2006). They also feed on 
arthropods, fruits, and nectar. Both species also show 
very similar patterns of overall vertical space use, 
utilizing the forest from the floor up to the canopy 
(Radespiel et al. 2006). They differ, however, in their 
choice of sleeping sites. Whereas M. ravelobensis often 
uses relatively open sleeping sites like lianas, leaf 
nests, or dense vegetation, M. murinus typically sleeps 
in tree holes in which females jointly rear their young 
(Radespiel et al. 2003, Eberle & Kappeler 2006). 
Both mouse lemur species share the forest with three 
other nocturnal (cheirogaleus medius, lepilemur ed
wardsi, Avahi occidentalis), two cathemeral (eulemur 
mongoz, e. fulvus), and one diurnal lemur species 
(propithecus coquereli). All of them are much larger 
than mouse lemurs and should be clearly superior  
in any potential direct resource competition with  
the two mouse lemur species. Direct interactions 
be tween mouse lemurs and other lemur genera are, 
however, extremely rare. 

The aim of this study was to analyze the varia-
tions in several structural and floristic parameters in 
three habitats with differing relative abundance of the 
two mouse lemur species, in order to explore pos sible 
functional links between the chosen vegetation para-
meters and variation in relative mouse lemur abun-
dance. Functional links could exist between struc-
tural parameters and abundance via the provision/
lack of suitable sleeping sites, or between floristic 

parameters and abundance via the provision/lack of 
required food resources. Relevant parameters can be 
expected to show a systematic trend when comparing 
the sites of low, equal, and high relative abundance 
for either of the two species. This study compares 
relative abundances (the relative representation of 
both species in live traps) instead of species-specific 
population densities because the three sites differ 
significantly in their capture history, and capture-
based population densities cannot therefore be  directly 
compared between sites.

MATERIAL AND METHODS
Study region. The study was conducted in the Anka-
rafantsika National Park in northwestern Madagas-
car. Located between 16°10, and 16°20,S, 49°15, and 
49°55,E, about 115 km southeast of Mahajanga, the 
National Park mainly consists of a dry multi-stratum 
semi-deciduous forest. The climate is characterized 
by an alternation of two strongly contrasting seasons: 
a cool dry season from May to October and a hot 
rainy season from November to April. Highest preci-
pitation occurs in January and February. The aver age 
annual temperature is 27°C, with a maximum of 
37°C from October to November and a minimum 
of 16°C in June and July (Schmelting et al. 2000). 
Annual rainfall varies from 1220 to 2255 mm (peri-
od: 1997-2004, Rakotondravony & Radespiel 2009). 
The National Park is located on sedimentary for-
mations of ferruginous sandy soils (Besairie 1973). 
Coarse red and white sands dominate on the plateau. 
These soils are highly erodible especially when the 
vegetation cover is reduced.

Study sites. The project was conducted at three study 
sites called JBA, JBB and JBC (Fig. 1), all of them 
still being part of the continuous forest of the An-
karafantsika National Park (130 026 ha). The two 
former sites are separated by a paved National Road 
and a 3-km straight line distance, whereas the latter 
site lies about 28 km away from them. These three 
sites were selected with regard to their accessibility 
and to the relative abundance of both mouse lemur 
species, which was known from previous studies and 
confirmed with parallel capture sessions (Rendigs  
et al. 2003, Rakotondravony & Radespiel 2009). In 
the following, the term relative abundance is used to 
describe the different relative representation of both 
species in Sherman Live Traps, which are routinely 
used in mouse lemur field studies across Madagascar. 
In JBA both species enter the traps in about equal 
numbers (= equal relative abundance), JBB is pop-
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plateau (343 m a.s.l.) north of the village of Ankori-
rika. Access is possible via one central trail that passes 
through the study site. The site has an approximate 
surface area of 33.9 ha. This was estimated by adding 
a strip of 150 m (approximate home range diameter 
of mouse lemurs, Radespiel et al. 2003, 2009) on 
each side of the trail, where a parallel behavioral 
study was conducted on the mouse lemurs simulta-
neously.

Study period and determination of relative abundances. 
The study was carried out from May to November 
2007 during the dry season. The relative abundance 
of mouse lemurs at the three sites was determined 
with six to eleven trapping sessions per site (i.e. 
capture nights with 90-100 traps each) that took 
place between June and September 2007. Capturing 
followed the standard routines described in Rakoton-
dravony & Radespiel (2007). The relative abundance 
of both mouse lemur species was determined as the 
number of captured individual M. murinus compared 
with that of M. ravelobensis. Population densities 
could not be determined on the basis of these captu-
re data because the populations in JBA and JBB 
were regularly captured during the previous 12 years, 
whereas the populations in JBC were captured only 
in one other year (2003). It is therefore likely that 
the animals from JBA/JBB and JBC had different 
individual knowledge of the position of traps, and it 

HABITAT CHARACTERISTICS OF TWO MOUSE LEMUR SPECIES

ulated only by M. ravelobensis (= high relative abun-
dance of M. ravelobensis and very low relative abun-
dance of M. murinus, Rendigs et al. 2003), while JBC 
contains predominantly M. murinus and only a few 
M. ravelobensis (= high relative abundance of M. mu
rinus and low relative abundance of M. ravelobensis, 
Rakotondravony 2007).

JBA (16°19’07.2”S, 46°48’35.5”E) contains a dry 
deciduous forest growing on sandy soils. In this zone, 
the high permeability of the soil leads to some xero-
phytic characteristics of the vegetation. JBA is a rela-
tively flat area (10% slope) at 190 m above sea level. 
The size of JBA (i.e. the surface area of the available 
trail grid system) is 30.6 ha and it is accessible by a 
trail grid system with intersections every 50 m.

JBB (16°18’02.6”S, 46°48’44.7”E) is located 
close to Lake Ravelobe at relatively low altitude (89 
m), and parts of it belong to a gallery forest which is 
partly flooded during the rainy season. The forest 
grows on reddish argilliferous soils and is partially 
degraded due to previous human activities including 
a bushfire in 1983. It is also partly an anthropogenic 
forest, indicated by the existence of introduced tree 
species such as tectona grandis and Mangifera indica. 
The trail grid system of JBB is 5.1 ha in area with 
intersections every 25 m.

JBC (16°15’09.0”S, 47°02’54.3”E) is located in 
the southern part of the Park and consists of a dry 
deciduous forest growing on calcitic soils on a high 

FIG. 1. Map with the three study sites in the Ankarafantsika National Park (gray area).
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Vegetation analyses. A total of nine sampling quadrats 
(30 m x 30 m) was installed at the three sites, four 
of which were placed in JBA, three in JBB, and two 
in JBC. The location of the quadrats was chosen 
based on the vegetation zonation within each site in 
order to represent all available types of vegetation. 
Each quadrat touched or included one or two trap-
ping sites. In each vegetation quadrat, a structural 
profile (Gautier et al. 1994) and a schematic profile 
(Godron et al. 1983) were carried out, and the  spatial 

can be expected that trapping success is generally 
higher at the sites with a longer capture history. 
However, in a previous study across 22 different 
study sites it could be shown that the number of 
different individuals captured per site does not differ 
systematically between the two species (Rakotondra-
vony & Radespiel 2009), indicating that both species 
show the same general trap responses. Therefore the 
calculation of the relative abundances (see above) for 
site comparisons seems to be justified.

FIG. 2a. Structural profile of the vegetation in quadrat 3 in JBA (y-axis: length of the transects; x-axis: height 
intervals of 1 m; black squares: space occupation of the vegetation derived from contact between vegetation 
and measuring pole; white squares: no contact between vegetation and pole).

FIG. 2b. Schematic profile of the vegetation in quadrat 3 in JBA.
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cover, to quantify the stratification of the forest, and 
to calculate the overall vertical occupation of space. 
The stratification was derived from the forest cover, 
which is calculated from the ratio between the num-
bers of occupied 1-m2 squares and the total number 
of squares in each 1-m height interval (Figs. 2a, 3a, 
4a, Table 1). A difference greater than 20% in the 
percentage tree cover between two height intervals 
indicates the beginning of a new layer. The total 
occupation of space was obtained from the ratio 

distribution of all individual woody plants was re-
corded.

Structural profile. A 50-m transect line was installed 
across each sampling quadrat. A 7-m long pole was 
used along the transect in order to determine at what 
height – divided into 1-m vertical intervals – the 
vegetation touched the transect line. This estimation 
was repeated at 1-m steps along the transect line. 
Estimates above 7 m were performed without the 
pole. This method was used to calculate the forest 

FIG. 3a. Structural profile of the vegetation in quadrat 3 in JBB (y-axis: length of the transects; x-axis: height 
intervals of 1 m; black squares: space occupation of the vegetation derived from contact between vegetation 
and measuring pole; white squares: no contact between vegetation and pole).

FIG.3b. Schematic profile of the vegetation in quadrat 3 in JBB.
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method gives an overview of the typical structural 
elements of the vegetation.

Spatial structural analyses. The grid method was 
 adopted for data collection. It consists of a projection 
of the exact position of each individual plant onto 
graph paper. Each vegetation quadrat of 30 x 30 m 
was subdivided into 36 small plots of 5 x 5 m. Each 
square on the paper corresponds to a plot of 25 m2 
on the ground. In each plot, maximum height (Hm), 
diameter at breast height (DBH) of individual plants 

between the overall number of occupied squares and 
the total number of squares across all strata.

Schematic profile. A 50-m long rope was stretched 
horizontally along the 50-m transect line, and all 
plants touching the rope were drawn in their entire-
ty (Figs. 2b, 3b, 4b). All individual plants within a 
2-m strip on both sides of the transect line were 
projected onto the line. Whenever the trunks of two 
individual trees overlapped in the projection, only 
the most proximate individual tree was drawn. This 

FIG. 4a. Structural profile of the vegetation in quadrat 1 in JBC (y-axis: length of the transects; x-axis: height 
intervals of 1 m; black squares: space occupation of the vegetation derived from contact between vegetation 
and measuring pole; white squares: no contact between vegetation and pole).

FIG. 4b. Schematic profile of the vegetation in quadrat 1 in JBC.

Umbruch Ecotropica 16_1.indd   20 20.04.2010   11:39:58 Uhr



21

HABITAT CHARACTERISTICS OF TWO MOUSE LEMUR SPECIES

comparative analysis. A cluster analysis was per formed 
in order to test for site and quadrat similarities in veg-
etation structure, floristic traits, and general charac-
teristics. For this analysis, 11 habitat characteristics 
were chosen (* in Table 2). The site-specific values 
were standardized and we used the single linkage amal-
gamation method together with the squared Euclidean 
distance as distance measure to define the clusters.

RESULTS 
relative abundance of both mouse lemur species at the 
three sites. We captured 32 individual M. murinus and 
24 individual M. ravelobensis in JBA, giving a rela tive 
abundance of 1.3 M. murinus for each M. ravelobensis 
individual. At the second site (JBB) we captured 55 
individual M. ravelobensis but no M. murinus, where-
by the relative abundance was highly skewed towards 
M. ravelobensis. In JBC we captured 34 individual 
M. murinus and only three individual M. ravelobensis, 
resulting in a relative abundance of 8.82 M. murinus 
for each M. ravelobensis (i.e. high skew towards M. 
murinus). For both species we therefore have one 
site with high and one with low relative abundance 
and one site with about equal relative abundance 
(JBA) in our comparisons.

Habitat descriptions
JBA
The forest in JBA was a multi-stratum forest with a 
maximum height of about 16 m. The number of 

having a stem diameter >/= 10 cm, maximum stem 
diameter of those having a diameter <10 cm, and 
diameter of the canopy were measured for each in-
dividual plant present in the plot, excluding plantlets. 
Abundance and density were calculated for five dia-
meter classes:] 0-2.5] cm,] 2.5-5] cm,] 5-10] cm,] 
10-20] cm, and >20 cm. The density of these five 
diameter classes was plotted for one representative 
quadrat per site with ArcView GIS 3.3 software. 
These were quadrat 3 in JBA, quadrat 3 in JBB and 
quadrat 1 in JBC. The mean crown diameter was 
calculated for each stem diameter class and assigned 
to each individual tree of a stem diameter class. This 
way, the mean occupation of space was determined 
for each diameter class and the entire forest stand. 
This was graphically visualized with ArcView GIS 3.3.

Floristic analyses. All individual plants within the 
vegetation quadrats were determined to species level 
whenever possible. 96.89% of all specimens (n = 
8907) in JBA, 97.12% (n = 4248) in JBB, and 
99.18% (n = 4902) in JBC could be so determined. 
Plant nomenclature follows Schatz (2001) and the 
samples collected were deposited and identified in 
the National Herbarium in the Botanical and zoo-
logical Park of Tsimbazaza (TAN), Antananarivo, 
Madagascar. The number of species and families 
were determined for each vegetation quadrat. The 
relative frequency was calculated for each species per 
900-m2 quadrat and all species with frequencies over 
5% were listed for comparison between sites.

TABLE 1. Number and intervals of strata in each quadrat for each site.

Quadrats Quadrat 1 Quadrat 2 Quadrat 3 Quadrat 4

SITE               JBA
STRATA INTERVALS (m) 0-1 0-6 0-1 0-1
 1-6 5-15 1-3 1-13
 6-12  3-5
   5-10

SITE               JBB
STRATA INTERVALS (m) 0-1 0-2 0-5
 1-15 2-14 5-12
   12-15

SITE               JBC
STRATA INTERVALS (m) 0-4 0-12
 4-7 12-15
 7-15
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addition, M. murinus feeds on the fruits of Scolopia 
inappendiculata (Martin 1973). 

A total of 186 species belonging to 58 families 
was detected in JBA. Per quadrat of 900 m2, a mean 
of 2227 individual plants belonged to a mean of 113 
species and 42 families (Table 2). The forest was 
predominantly composed of individuals with a dia-
meter below 2.5 cm (Table 3). The density of the 
individuals decreased with increasing diameter. In the 
highest diameter class (> 20 cm), the density was 
very low with only 0.21 ind./25 m2. Lianas occurred 
with a density of 9.14 ind./25 m2. The visualization 

forest strata varied from two to four between quadrats 
(Table 1). Five species were common (>5% relative 
frequency) at the site: noronhia boinensis (Oleaceae), 
Scolopia inappendiculata (Flacourtiaceae), Justicia 
venalis (Acanthaceae), Acalypha reticulata (Euphorbi-
aceae), and croton bernieri (Euphorbiaceae) (Fig. 2b, 
Appendix A). Two of these species (noronhia boinen
sis and Scolopia inappendiculata) have been reported 
to be consumed by mouse lemurs (reviewed in Ra-
despiel 2006). Both species feed on noronhia boinen
sis, but M. murinus eats the fruits whereas M. ravelo
bensis consumes the gum (Rahelinirina 2002). In 

TABLE 2. Habitat characteristics of the three sites. (* = habitat characteristics chosen for the cluster analysis).

SITES  JBA JBB JBC

Maximum height (m)* 16 22 16
Type of substrate* S A S
Elevation (m)* 190 89 343
Mean number of species per quadrat* 113 69 105
Mean number of families per quadrat* 42 30 46
Total number of species per site 186 109 132
Total number of families per site 58 43 51
Proportion of individual plants with ]0-10] cm stem diameter* 97.5 96.6 97.5
Proportion of individual plants with > 10 cm stem diameter* 2.47 3.41 2.49
Mean overall number of plants/25 m²* 59.1 38.2 67.3
Mean vertical occupation of space (%)* 32.5 32.8 34.2
Mean number of individual trees per quadrat* 2227 1416 2451
Mean density of lianas (ind./25 m²)* 9.1 11.2 8.2
Ratio of captured M. murinus / M. ravelobensis 1.3 0 : 55 6.2

S: Sandy soil, A: Argilliferous soil

TABLE 3. Abundance and density of individual plants in the five diameter classes at the three sites.

Diameter class ]0-2,5 cm] ]2,5-5 cm] ]5-10 cm] ]10-20 cm] > 20 cm

   JBA
Abundance % 78.78 12.49 6.24 2.10 0.37
Density (ind./25 m²) 48.99 6.76 3.57 1.10 0.21

   JBB
Abundance % 77.92 12.68 5.99 2.47 0.94
Density (ind./25 m²) 26.44 4.67 2.17 1.06 0.35

   JBC
Abundance % 80.18 13.22 4.11 2.01 0.48
Density (ind./25 m²) 53.98 8.85 2.79 1.32 0.32
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ravelobensis (n = 7; 8.9%), or both mouse lemur 
species (n = 6; 7.6%) (reviewed in Radespiel 2006). 

JBB
The maximum height of the forest in JBB was about 
22 m and it was composed of two to three strata 
(Table 1). The following 11 plant species were com-
mon: Monanthotaxis pilosa (Annonaceae), Molinaea 
retusa (Sapindaceae), Malleastrum gracile (Meliaceae), 

of all individual plants in the representative quadrat 
(quadrat 3, Fig. 5a) shows a very dense forest struc-
ture composed of many relatively small trees with 
small canopies (Figs. 2b, 5b). Structural and schema-
tic profiles of the vegetation in the same quadrat are 
shown in Figs. 2a and 2b respectively. Of the 79 tree 
species recorded along the four schematic profiles, 16 
species (20.25%) have previously been recorded as 
food plants of either M. murinus (n = 3; 3.8%), M. 

FIG. 5a. Spatial distribution of 
individual plants by stem dia-
meter in quadrat 3 in JBA.

FIG. 5b. Mean occupation of 
space by all individual plants 
assigned to five stem diameter 
classes (cf. Fig. 5a) in quadrat 
3 in JBA. Shown are the mean 
crown diameters calculated 
from the field measurements 
for each stem diameter class.
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Mascarenhasia gracile (Apocynaceae), tricalysia cryp
tocalyx (Rubiaceae), rinorea greveana (Violaceae), 
Strychnos madagascariensis (Loganiaceae), Sapium me
lanostictum (Euphorbiaceae), Grangeria porosa (Rosa-
ceae), Diospyros tropophylla (Ebenaceae), and Doran
thoxylon chouxi (Sapindaceae) (Fig. 3b, Appendix A). 
They did not overlap with the common species in 
JBA. Four of these 11 common species (Molinaea 
retusa, Malleastrum gracile, Strychnos madagascariensis 
and Grangeria porosa) have previously been reported 

to be consumed by M. ravelobensis, but only one of 
them (Sapium melanostictum) is a known food plant 
of M. murinus (reviewed in Radespiel 2006). M. 
ravelobensis fed on leaves of these four species (Weidt 
2001, Hagenah 2001) and M. murinus on the gum 
of Sapium melanostictum (Rahelinirina 2002). 

A total of 109 plant species belonging to 43 
 families was detected in JBB. Per quadrat of 900 m2, 
a mean of 1416 individual plants belonged to a mean 
of 69 species and 30 families (Table 2). As in JBA, 

SEHEN et Al.

FIG. 6a. Spatial distribution of 
individual plants by stem dia-
meter in quadrat 3 in JBB.

FIG. 6b. Mean occupation of 
space by all individual plants 
assigned to five stem diameter 
classes (cf. Fig. 6a) in quadrat 
3 in JBB. Shown are the mean 
crown diameters calculated 
from the field measurements 
for each stem diameter class.
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example of the structural and schematic profile of the 
vegetation in the same quadrat is shown in Figs. 3a 
and 3b. Of the 64 tree species recorded along the 
three schematic profiles, 14 species (21.87 %) have 
previously been recorded as food plants of either M. 
ravelobensis (n = 8, 12.5 %), M. murinus (n = 4, 6.3 
%), or both mouse lemur species (n = 2, 3.1 %) 
(reviewed in Radespiel 2006). Taken together, food 
plants of M. ravelobensis appear slightly more fre-
quently than those of M. murinus among the com-

HABITAT CHARACTERISTICS OF TWO MOUSE LEMUR SPECIES

the forest was mostly composed of small individual 
plants with a diameter smaller than 2.5 cm (Table 3). 
Densities were highest in this class and decreased 
with increasing diameter. The mean density of lianas 
was 11.22 ind./25 m2. The visualization of the indiv-
idual plants in the representative quadrat (quadrat 3, 
Fig. 6a) reveals a greater heterogeneity in structure 
and a partly lower density than in JBA (see also Figs. 
3b and 6b). Moreover, there was a greater number of 
trees with a larger crown diameter (Figs 3b, 6b). An 

FIG. 7a. Spatial distribution of 
individual plants by stem dia-
meter in quadrat 1 in JBC.

FIG. 7b. Mean occupation of 
space by all individual plants 
assigned to five stem diameter 
classes (cf. Fig. 7a) in quadrat 
1 in JBC. Shown are the mean 
crown diameters calculated 
from the field measurements 
for each stem diameter class.
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and low liana densities. The similarities between 
 some quadrats of JBA and JBC were even larger than 
those between some quadrats of the same site, leading 
to one mixed cluster of the six quadrats of both 
 sites. 

Five parameters varied according to increasing or 
decreasing relative abundances (from JBB through 
JBA to JBC) of the two mouse lemur species (Table 
2). These were the parameters elevation (increasing 
from JBB to JBC), the mean number of plant fam-
ilies per quadrat (increasing from JBB to JBC), the 
mean number of individual plants per 25 m2 (in-
creasing from JBB to JBC), the mean number of trees 
per quadrat (increasing from JBB to JBC), and the 
density of lianas (decreasing from JBB to JBC). In 
general, it seems that the relative abundance of M. 
ravelobensis decreased with increasing elevation, in-
creasing taxonomic diversity, increasing plant and 
tree densities, and with decreasing liana densities. M. 
murinus showed the opposite trend.

DISCUSSION AND CONCLUSION
This study aimed to determine habitat characteristics 
that may coincide with, and therefore possibly ex-
plain, the varying relative abundance of two mouse 
lemur species in three different habitats. Parameters 
analyzed comprised several structural and several 
flor istic characteristics, both of which are here dis-
cussed. 

The comparison of structural characteristics re-
vealed that the site of highest relative abundance  
of M. ravelobensis (JBB = site without M. murinus) 
differed clearly from the other sites, in which M. 
murinus occurred with increasing relative abundance. 
The structural differences between JBA/JBC on the 
one hand and JBB on the other were most promi-
nently maximum forest height, the proportion of 
trees with very large stem diameter, and average 
plant, tree, and liana density per surface unit. Could 
these factors be functionally linked to the uneven 
representation of both mouse lemur species in the 
forest? Forest height has previously been related to 
the presence of some arboreal animals (Schunke & 
Hutterer 2000), and to the availability of surface 
water in different mouse lemur habitats (Rakoton-
dravony & Radespiel 2009). Sufficient water supply 
allows single trees to grow taller and thicker and, as 
a consequence, overall plant density declines as the 
growth of smaller trees is inhibited below large tree 
crowns. In contrast, individual trees remain smaller 
and thinner under drier conditions, like those in JBA 

mon plant species and in the schematic profiles of 
JBA.
JBC
The forest in JBC had a maximum height of 16 m 
and had two strata in both vegetation quadrats (Table 
1). Seven plant species were common; two of them 
also occurred in JBA but none in JBB (Appendix A, 
Fig. 4b). These are noronhia boinensis (Oleaceae), 
Scolopia inappendiculata (Flacourtiaceae), tarenna 
alleizettii (Rubiaceae), Securinega capuronii (Euphor-
biaceae), coptosperma sp. (Rubiaceae), coptosperma 
nigrescens (Rubiaceae), and canthium humbertianum 
(Rubiaceae). Two of these species are among the food 
plant species of M. murinus, reviewed in Radespiel 
(2006), Scolopia inappendiculata (Martin 1973) and 
tarenna alleizettii (Génin 2003), and M. murinus was 
reported to consume the fruits of both. None of the 
common plant species is a known food plant of M. 
ravelobensis.

A total of 132 species belonging to 51 families 
was detected in JBC. Per quadrat of 900 m2, a mean 
of 2451 individual plants was recorded, belonging to 
a mean of 105 species and 46 families (Table 2). As 
in the two other sites, the forest in JBC was mostly 
characterized by individuals of a diameter smaller 
than 2.5 cm and a very low density of large trees 
(Table 3). Lianas occurred with a mean density of 
8.17 ind./25 m2. The spatial model of the individ ual 
plants in quadrat 1 in JBC (Fig. 7a) shows a homo-
geneous and dense distribution of individual plants. 
The canopies were partly larger in JBC than in JBA 
(Figs. 4b, 7b). The structural and schematic profiles 
of the vegetation in this quadrat are shown in Figs. 
4a and 4b. Of the 69 tree species recorded along the 
two schematic profiles, 14 species (20.28%) have 
previously been recorded as food plants of either M. 
murinus (n = 3, 4.3 %), M. ravelobensis (n = 6, 8.7 
%), or both mouse lemur species (n = 5, 7.2%) (re-
viewed in Radespiel 2006).

comparison between sites. The cluster analysis revealed 
that the quadrats in JBA and JBC were most similar 
to each other and dissimilar to all three quadrats from 
JBB (Fig. 8). The similarities between JBA and JBC 
were reflected in a lower maximum height of the 
forest than at JBB, in the same type of soil, in a larger 
mean number of species and plant families per quad-
rat than at JBB, but also in larger overall numbers of 
plant families per site than at JBB, despite the fact 
that JBA contained the largest number of quadrats 
and JBC the smallest (Table 2). Moreover, JBA and 
JBC had both similarly high overall plant densities 
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FIG. 8. Cluster analysis for all nine vegetation quadrats at the three sites based on 11 habitat parameters  
(cf. Table 2).
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Habitat characteristics JBB3 JBB2 JBB1 JBA4 JBA3 JBC2 JBC1 JBA2 JBA1 

Maximum tree height (m) 22 22 16 16 12 16 12 13 14 

Substrate A A A S S S S S S 

Elevation (m) 89 89 89 190 190 343 343 190 190 

Number of species 77 64 69 85 106 103 106 119 124 

Number of families  34 28 30 35 37 47 45 50 46 

% ind. with ]0-10] cm stem diameter 95.94 96.75 97.09 95.88 98.29 97.11 97.91 97.97 97.91 

% ind. with stem diameter > 10 cm 4.06 3.25 2.91 4.12 1.71 2.89 2.09 2.03 2.09 

Mean number of indiv./25 m² 34.53 34.28 45.92 59.33 68.47 72.06 62.44 62.92 45.58 

Vertical occupation of space (%) 32.8 33 31.6 31.36 32.67 32.53 35.87 36.13 32.27 

Number of ind./900 m² 1298 1253 1697 2196 2559 2610 2292 2474 1678 

Mean number of liana sprouts/25 m² 20.08 9.17 11.22 6.25 7.75 8. 94 7.39 12.14 10.53 

 

       Figure 8 
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The strong similarities between JBA and JBC in 
most vegetation parameters were somehow unex-
pected, since M. ravelobensis is only poorly re presented 
in JBC but is rather frequently captured in JBA. Five 
parameters, however, varied systematically with de-
creasing relative abundance of M. ravelobensis. These 
were increasing altitude, a higher average number of 
plant families per plot, a higher overall plant and tree 
density, and a lower density of lianas. In a previous 
study, other high-altitude habitats were also shown 
to have lower population densities of M. ravelobensis 
than low-altitude habitats (Rakotondravony & Rade-
spiel 2009). Lianas have already been suggested in 
previous studies to be important for M. ravelobensis 
(Rendigs et al. 2003), and they have been shown to 
be frequently used as sleeping sites (Radespiel et al. 
2003). Regarding the other parameters, it is difficult 
to imagine how a higher taxonomic diversity or a 
higher density of the vegetation per se should neg a-
tiv ely influence populations of M. ravelobensis, unless 
certain key resources may decrease under these cir-
cumstances. The floristic analysis revealed some dif-
ferences between JBA and JBC that could indeed be 
potentially related to the question of key resources: 
The commonest plant species did not overlap com-
pletely between the two sites. Moreover, among the 
common plant species in JBC there was no M. rave
lobensis food plant but two of M. murinus. Future 
studies should investigate more specifically the rela-
tive importance of such potential key food resources 
for the varying species abundance of these two par-
tially sympatric mouse lemur species.

ACKNOWLEDGMENTS
We would like to thank CAFF/CORE, the Direction 
Générale des Eaux et Forêts, and Madagascar Na-
tional Parks for giving us permission to conduct the 
fieldwork in the Ankarafantsika National Park, and 
several field assistants for their help. We thank Prof. 
Dr. Stefan Porembski, University of Rostock,  Germany 
for comments on the manuscript, and are grateful to 
the Deutsche Forschungsgemeinschaft (DFG) for 
financing this research (DFG Ra 502/9). 

REFERENCES
Besairie, H. 1973. Précis de géologie. Fascicule 36. Antana-

narivo.
Conservation International. 1994. Conceptual approach to 

a program of conservation and development at the 
Ankarafantsika Reserve Complex, Madagascar. Conser-
vation International: Washington, DC.

and JBC, and the vegetation in total can therefore 
reach higher densities. 

It has also been observed in a previous study that 
M. ravelobensis populations reach highest densities 
under humid conditions and lowest under dry con-
ditions, whereas the opposite seems to be true for M. 
murinus (Rakotondravony & Radespiel 2009). Con-
cerning the related structural elements in this study, 
it is possible that M. ravelobensis performs better 
when relatively more very large trees or more lianas 
are present, or when the forest is less dense. These 
large trees could in principle provide high-quality tree 
holes (i.e. high safety, good insulatory capacities) 
serving as shelters, but a parallel study has shown that 
tree holes are not used more often in JBB than in 
JBA for sleeping by M. ravelobensis (Quietzsch 2009). 
On the other hand, lianas have indeed previously 
been reported to offer important sleeping sites for M. 
ravelobensis (Radespiel et al. 2003) and the availabil-
ity of lianas has already been suggested as being 
 important for M. ravelobensis in an earlier study 
(Rendigs et al. 2003). This suggestion seems to be 
supported by the findings of this study. 

The floristic composition of a given habitat typi-
cally has a large impact on primate feeding ecology. 
Animals can only consume those food items that are 
available at a given site in a given season, and a species 
may not occur, or not reach high numbers, when 
essential resources are missing or rare. Differences in 
the floristic composition can also explain differences 
in feeding strategies of herbivorous animals (Steven-
son et al. 1998). Compared with the other sites, JBB 
is a less diverse habitat with respect to floristic com-
position, possessing a lower richness in plant species 
and plant families and a floristic composition that is 
remarkably different from JBA/JBC. The analysis of 
the floristic data suggests that the availability and 
abundance of certain food plant species may be 
functionally linked to the relative abundance of the 
two mouse lemur species. At all three sites the list of 
common plant species contained more food plants 
of the mouse lemur species that had the higher re-
lative abundance. This trend could not, however, be 
seen in the general list of plant species along the 
schematic profiles. One hypothetical explanation for 
these discrepancies could be that it is the com-
monness of certain food plant species that determines 
the relative abundance of the two mouse lemur spe-
cies. Further detailed analyses, including data on 
resource use and resource requirements of M. muri
nus, are urgently needed to answer this question. 

Umbruch Ecotropica 16_1.indd   28 20.04.2010   11:40:04 Uhr



29

HABITAT CHARACTERISTICS OF TWO MOUSE LEMUR SPECIES

Phillipson, P.B., Schatz, G.E., Lowry II, P.P., & J.N. Labat. 
2006. A catalogue of the vascular plants of Madagascar. Pp. 

613–627 in Ghazanfar, S.A., & H.J. Beentje (eds.). 
Taxonomy and Ecology of African Plants, their Con-
servation and Sustainable Use. Proceedings of the 17th 
AETFAT Congress, Addis Abeba, Ethiopia. Royal Bo-
tanic Gardens, Kew.

Quietzsch, F. 2009. zum Reproduktions- und Aufzucht-
verhalten des Goldbraunen Mausmakis (Microcebus 
ra velobensis, zimmermann et al., 1998). Doctoral the-
sis, University of Veterinary Medicine, Hannover.

Radespiel, U., Ehresmann, P., & E. zimmermann. 2003. 
Species-specific usage of sleeping sites in two sympatric 
mouse lemur species (Microcebus murinus and M. rave
lobensis) in northwestern Madagascar. American Journal 
of Primatology 59: 139–151.

Radespiel, U., Lutermann, H., Schmelting, B., Bruford, 
M.W., & E. zimmermann. 2003. Patterns and dynamics 

of sex-biased dispersal in a nocturnal primate, the grey 
mouse lemur, Microcebus murinus. Animal Behaviour 
65: 709–719.

Radespiel, U. 2006. Ecological diversity and seasonal adap-
tations of mouse lemurs (Microcebus spp.). Pp. 213–235 
in Gould, L., & M.L. Sauther (eds.). Lemurs: Ecology 
and adaptation. Springer Science + Business Media 
LLC, New York. 

Radespiel, U., Reimann,W., Rahelinirina, M., & E. zim-
mermann. 2006. Feeding ecology of sympatric mouse lemur 

species in northwestern Madagascar. International 
Journal of Primatology 27: 311–321.

Radespiel, U., Juric, M., & E. zimmermann. 2009. Socio-
genetic structures, dispersal and the risk of inbreeding 
in a small nocturnal lemur, the golden-brown mouse 
lemur (Microcebus ravelobensis). Behaviour 146: 607–
628.

Rahelinirina, M. 2002. Contribution à l’étude du rythme 
d’activités et de l’alimentation de deux femelles de 
Microcèbes sympatriques (Microcebus murinus, J.F. 
Miller, 1777 et Microcebus ravelobensis, zimmermann 
et al., 1998) au jardin botanique «A» de la station 
 forestière d’Ampijoroa Ankarafantsika, Mahajanga, 
Madagascar. DEA thesis, University of Antananarivo, 
Antananarivo.

Rakotondravony, R. 2007. Biogéographie de Microcebus 
ravelobensis (zimmermann et al., 1998) et de M. murinus 
(J.F. Miller, 1977) dans le Parc National d’Ankarafantsika, 
Madagascar. Thèse de Doctorat, Université d’Anta na-
narivo.

Rakotondravony, R., & U. Radespiel. 2007. Variation de la 
distribution de deux espèces de microcèbes dans le Parc 
National Ankarafantsika. Lemur News 12: 31–34.

Rakotondravony, R., & U. Radespiel. 2009. Varying pat-
terns of coexistence of two mouse lemur species (Mi
crocebus ravelobensis and M. murinus) in a heteroge-
neous landscape. American Journal of Primatology 71: 
928–938.

Du Puy, D.J., & J. Moat. 1998. Vegetation mapping and 
classification in Madagascar (using GPS): Implications 
and recommendations for the conservation of biodiv-
ersity. Pp. 97–117 in Huxley, C.R., Lock, J.M., & D.F. 
Culter (eds.). Chorology, taxonomy and ecology of the 
floras of Africa and Madagascar. Royal Botanic Gar-
dens, Kew.

Eberle, M., & P.M. Kappeler. 2006. Family insurance: kin 
selection and cooperative breeding in a solitary  pri- 
mate (Microcebus murinus). Behav. Ecol. Sociobiol. 60: 
582–588.

Gautier, L., Chatelain, C., & R. Spichiger. 1994. Presenta-
tion of a releve for vegetation studies based on high-
resolution satellite imagery. Pp.1339–1350 in Seyani, 
J.H., & A.C. Chikuni (eds.). Proceedings of XIIIth 
plenary meeting of AETFAT, zomba, Malawi, April 
1991.

Génin, F. 2003. Female dominance in competition for gum 
trees in the grey mouse lemur Microcebus murinus. 
Revue d’Écologie (la Terre et la Vie) 58: 397–410.

Godron, M., Daget, P., Long, G., Sauvage, C., Embergen, 
L., Le Floch, E., Poissonet, J., & J.P. Wacquant. 1983. 

Relevé méthodologique de la végétation et du milieu : 
code et transcription sur carte perforée. CNRS, Paris.

Hagenah, N. 2001. Ökologie und intrasexuelle Konkurrenz 
goldbrauner Mausmaki-Männchen (Microcebus ravelo
bensis) in Nordwest-Madagaskar während der Trocken-
zeit. Diploma thesis, University of Hannover, Han-
nover.

Louis, E.E.Jr., Engberg, S.E., McGuire, S.M., McCormick, 
M.J., Randriamampionona, R., Ranaivoarisoa, J.F., Bailey, 
C.A., Mittermeier, R.A., & R. Lei. 2008. Revision of the 

mouse lemurs, Microcebus (Primates, Lemuriformes), 
of northern and northwestern Madagascar with de-
scriptions of two new species at Montagne d'Ambre 
National Park and Antafondro Classified Forest.  Primate 
Conservation 23: 19–38.

Martin, R.D. 1973. A review of the behaviour and eco logy 
of the lesser mouse lemur (Microcebus murinus). Pp. 
1–68 in Michael, R.P., & Crook, J.H. (eds.). Com-
parative Ecology and Behavior of Primates. Academic 
Press, London.

Mittermeier, R.A., Gil, P.R., & C.G. Mittermeier. 1997. 
Megadiversity, Earth’s biologically wealthiest nations. 
CEMEX, S.A., Mexico, D.F.

Mittermeier, R.A., Konstant, W.R., Hawkins, F., Louis, 
E.E.Jr., Langrand, O., Ratsimbazafy, J., Rasoloarison, R., 
Ganzhorn, J.U., Rajaobelina, S., Tattersall, I., & D.M. 
Meyers. 2006. Lemurs of Madagascar, 2nd Edition, Trop ical 

Field Guide Series, Conservation International, Wa-
shington, D.C.

Mittermeier, R.A., Ganzhorn, J.U., Konstant, W.R., Glan-
der, K., Tattersall, I., Groves, C.P., Rylands, A.B., Hapke, 
A., Ratsimbazafy, J., Mayor, M.I., Louis, E.E.Jr., Rumpler, 
Y., Schwitzer, C., & R.M. Rasoloarison. 2008. Lemur div-

ersity in Madagascar. International Journal of Primato-
logy 29: 1607–1656.

Umbruch Ecotropica 16_1.indd   29 20.04.2010   11:40:04 Uhr



30

SEHEN et Al.

Schunke, A.C., & R. Hutterer. 2000. Patchy versus conti-
nuous distribution patterns in the African rain forest: 
the problem of the Anomaluridae (Mammalia: Roden-
tia). Pp. 145–152 in Rheinwald, G. (ed.). Isolated 
vertebrate communities in the tropics. Bonner zoolo-
gische Monographien 46.

Smith, A.P. 1997. Deforestation, fragmentation, and re serve 
design in western Madagascar. Pp. 415–441 in Lau-
rance, W.F., & R.O. Bierregaard Jr. (eds.). Tropical for est 
remnants: ecology, management and conserva tion of 
fragmented communities. University of Chicago Press, 
Chicago.

Stevenson, P.R., Quinones, M.J., & J.A. Ahumada. 1998. 
Effects of fruit patch availability on feeding sub-group 
size and spacing patterns in four primate species at 
Tinigua National Park, Colombia. International Jour-
nal of Primatology 19: 313–324.

Weidt, A. 2001. Ökologie und Sozialbiologie von Weibchen 
des goldbraunen Mausmakis (Microcebus ravelobensis) 
während der Trockenzeit in Nordwest-Madagascar. 
Diploma thesis, University of Göttingen, Göttingen.

zimmermann, E., Cepok, S., Rakotoarison, N., zietemann, 
V., & U. Radespiel. 1998. Sympatric mouse lemurs in 

north-west Madagascar: A new rufous mouse lemur 
species (Microcebus ravelobensis). Folia Primatologica 
69: 106–114.

Raselimanana, A.P., & S.M. Goodman (eds.). 2004. In-
ventaire floristique et faunistque de la forêt de Mikea: 
Pay sage écologique et diversité biologique d’une pré-
occupation majeure pour la conservation. Recherches 
pour le développement, série Sciences Biologiques 21: 
1–106.

Rendigs, A., Radespiel, U., Wrogemann, D., & E. zimmer-
mann. 2003. Relationship between microhabitat structure 

and distribution of mouse lemurs (Microcebus spp.) of 
northwestern Madagascar. International Journal of 
Primatology 24: 47–64.

Schatz, G.E. 2000. Endemism in the Malagasy tree flora. 
Pp. 1–9 in Lourenço, W.R., & S.M. Goodman (eds.). 
Diversity and endemism in Madagascar. Mémoires de 
la Société de Biogéographie, MNHN, ORSTOM, 
 Paris.

Schatz, G.E. 2001. Generic tree flora of Madagascar.  Royal 
Botanic Gardens, Kew.

Schmelting, B., Ehresmann, P., Lutermann, H., Randria-
nambinina, B., & E. zimmermann. 2000. Reproduction 

of two sympatric mouse lemur species (Microcebus 
murinus and M. ravelobensis) in north-west Madagascar: 
First results of a long term study. Pp. 165–175 in 
Lourenco, W.R., & S.M. Goodman (eds.). Diversity 
and endemism in Madagascar. Mémoires de la Societé 
de Biogéographie, Paris.

APPENDIX A. Commonest plant species (> 5%) at each site (x: species exists with an abundance < 5%, -: 
species does not exist at this site)

 JBB Quadrats JBA Quadrats JBC Quadrats

 Monanthotaxis pilosa 1,2,3 -  - 
 Molinaea retusa 1,2 x  - 
 Malleastrum gracile 1,2 x  - 
 Mascarenhasia gracile 3 -  - 
 tricalysia cryptocalyx 2 -  - 
 rinorea greveana 3 -  - 
 Strychnos madagascariensis 3 x  x 
 Sapium melanostictum 1 x  x 
 Grangeria porosa 1 x  - 
 Diospyros tropophylla 3 x  x 
 Doranthoxylon chouxi 3 x  x 
 x  noronhia boinensis 1,2,3,4 noronhia boinensis 1,2
 x  Scolopia inappendiculata 1,2,3,4 Scolopia inappendiculata 2
 -  Justicia venalis 1,2,3,4 x 
 x  croton bernieri 4 x 
 -  Acalypha reticulata 4 - 
 x  x  tarenna alleizettii 1,2
 -  x  Securinega capuronii 1
 -  -  coptosperma sp. 1
 x  x  coptosperma nigrescens 1
 -  x  canthium humbertianum 
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