
INTRODUCTION

Most molossid species known from
Madagascar are known to live synanthropi-
cally and four, Mormopterus jugularis,
Chaerephon pumilus, Chaerephon leucoga-
ster, and Mops leucostigma are relatively
widespread (Goodman and Cardiff, 2004).
There is no information available on the
feeding ecology and diet of molossids in
Madagascar and this reflects a general pauc-
ity of ecological study on Malagasy mi-
crochiropterans (Goodman and Benstead,
2005), although advances have recently

been made in their taxonomy (e.g., Good-
man and Ranivo, 2004; Goodman et al.,
2005), diet (Razakarivony et al., 2005) and
biogeography (e.g., Yoder et al., 2005).

There is growing appreciation of the po-
tential role that molossid bats play in pre-
dation on crop pests (e.g., Whitaker et al.,
1996; Lee and McCracken, 2005). Molos-
sids in Madagascar frequently roost in large
colonies in municipal buildings or houses,
and often close to agricultural land. There-
fore, in addition to the objective of describ-
ing the diet of Madagascar’s endemic mam-
mals, a better understanding of the dietary
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preference of molossid bats in rural settings
may provide clues as to their potential as
predators of crop pests. In this study we in-
vestigated seasonal and interspecific varia-
tion in the diet of three sympatric molossids
(M. jugularis, M. leucostigma and C. pu-
milus) from an agricultural setting near mid-
elevation dense humid forest in eastern
Madagascar. 

MATERIALS AND METHODS

The study was conducted in the small town of An-
dasibe on the fringes of Parc National de Mantadia
and Reserve Spéciale d’Analamazaotra (18°54’S,
48°25’E; altitude: 980 m a.s.l.). The town is situated
on the banks of the Sahatandra River and major land
use includes rice cultivation, Eucalyptus spp. planta-
tions and vegetable crops. A significant amount of
mid-elevation dense humid forest is also found in the
area. Populations of three free-tailed bat species
(Mormopterus jugularis, Mops leucostigma and Cha-
erephon pumilus) were studied in seven roosts locat-
ed in buildings in the town. Mormopterus jugularis
and M. leucostigma are Malagasy endemics (Peterson
et al., 1995) and C. pumilus is widespread in Africa
(Hutson et al., 2001). 

Faecal pellets were used to determine the diet of
trapped bats. We conducted our work during the aus-
tral summer (1–15th February) and austral winter
(10–15th July) of 2003. Bats were trapped in mist nets
placed outside the entrances to their roosts as they 
returned from evening foraging bouts. Emergence
was usually completed before 19:30 hour and all
trapped bats were caught between 20:00–00:00 hour.
Three people attended the nets continuously and 
extracted the bats immediately upon capture. Individ-
ual bats were kept in cloth bags from one to three
hours (usually less than one hour) in order to obtain
faecal samples. Five of the largest intact faecal pel-
lets were retained for analysis (e.g., Whitaker et al.,
1996; Lee and McCracken, 2005) and stored in 70%
alcohol.

The five pellets were first softened and then care-
fully teased apart with a dissecting needle. A few
drops of glycerine were added to the middle of the
slide to separate individual items (Shiel et al., 1997).
All insect fragments items were removed by work-
ing systematically up and down the slide. Under a bi-
nocular microscope the prey items were identified 
to the ordinal level using keys and illustrations (Whi-
taker, 1988; Delvare and Aberlanc, 1989; Scholtz 
and Holm, 1989; Shiel et al., 1997) and reference 

collections made in the field by collecting insects us-
ing a light traps (‘Petromax’ petrol-powered light)
during trapping sessions on 28th March and 8th July
2003. 

We visually estimated the percentage volume of
each prey type for each individual bat (Whitaker,
1988) using five pellets per bat as one sample. We
used individual bats as our sample unit rather than in-
dividual faecal pellets to avoid pseudoreplication.
Percentage frequency was calculated as the percent-
age of bats containing a particular food type in each
season. We tested for differences in dietary composi-
tion between season using Mann-Whitney U-tests on
mean percentage volume of major prey types, with
each individual bat representing an independent repli-
cate. All percentage values were arcsine transformed
before analysis.

RESULTS

Faecal samples (five pellets per bat)
were analysed from 145 bats. Sixty two bats
were captured during the austral winter and
83 during the summer. The overall compo-
sition of our captures was made up of 
54 C. pumilus, 48 M. leucostigma and 43 
M. jugularis. The most abundant prey types
in the faeces measured by percentage vol-
ume for the three species combined were
Coleoptera (0 = 45.8 ± 3.34 SE), Hemiptera
(20.2 ± 2.06), Lepidoptera (15.0 ± 1.32) and
Diptera (8.1 ± 1.33). The percentage vol-
ume of Hemiptera and Lepidoptera were
similar when pooled across season (Krus-
kal Wallis, Hemiptera: H = 3.5, d.f. = 2, 
P = 0.17; Lepidoptera: H = 4.0, d.f. = 2, 
P = 0.13; see Table 1). The volume of Dip-
tera varied significantly between species 
(H = 10.1, d.f. = 2, P < 0.01) and was high-
est for M. leucostigma. The volume of 
Coleoptera also differed significantly be-
tween species (H = 6.3, d.f. = 2, P < 0.05)
and was highest in the diet of M. jugularis
contained the highest volume of Coleoptera
(Table 1).

The diet of all three species varied with
season (Table 2). Hemiptera and Lepi-
doptera were important prey for C. pumi-
lus during both seasons with Diptera only
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making a notable contribution in the winter
and Coleoptera prevalent only during the
summer. Hemiptera and Diptera were most
common in the diet of M. leucostigma dur-
ing the winter, with the summer diet charac-
terised by a high coleopteran presence. He-
miptera, in the winter, and Coleoptera, in
the summer, were the main dietary compo-
nents of M. jugularis. Diptera constituted an
important food source M. leucostigma in the
winter but were less common in the diet of
C. pumilus and only rarely encountered in
the diet of M. jugularis (Table 2). Other in-
vertebrate orders such as Trichoptera, Ephe-
meroptera and Hymenoptera were infre-
quently detected in the faecal samples.

The percentage volume of lepidopterans
was significantly different between season
for C. pumilus (U = 211, n = 54, P < 0.01),
M. leucostigma (U = 181, n = 48, P < 0.05)
and M. jugularis (U = 121, n = 43, P < 0.05).
Expressed as percentage frequency, lepido-
pterans were frequently encountered in the
diet and appeared to be an important food
source for all species (Table 2). Coleoptera
were regularly found in the faeces of all
three species during the summer but were
less common and very rare in the case of 
M. jugularis, in the winter (Table 2). Sea-
sonal variation in the percentage volume of
Coleoptera was significant for all species
(C. pumilus: U = 0.0, n = 54, P < 0.001; 
M. leucostigma: U = 0.0, n = 48, P < 0.001;
M. jugularis: U = 0.0, n = 43, P < 0.001)
and was highest in the summer (Table 2).

Diptera were an important food source dur-
ing the winter only and this was reflected in
a significant seasonal difference in percent-
age volume for C. pumilus (U = 171, n = 24,
P < 0.001) and M. leucostigma (U = 72, 
n = 48, P < 0.001). Diptera were never com-
mon in the diet of M. jugularis. Hemipter-
ans were commonly found in the diet of all
three species and especially during the win-
ter (Table 2) and seasonal differences in per-
centage volume were significant (C. pu-
milus: U = 208, n = 54, P < 0.001; M. leuco-
stigma: U = 40, n = 48, P < 0.001; M. jugu-
laris: U = 25, n = 4, P < 0.01). 

DISCUSSION

Diet of Molossid Bats

As high, fast flying bats that hawk over
open areas using relatively long, narrow-
band echolocations molossids are adapted
to feeding on large, flying insects. The diet
of molossid bats in our study consisted
mainly of Coleoptera followed by Hemi-
ptera, Lepidoptera and Diptera. This is con-
sistent with other descriptions of molossid
diet. For example, Tadarida brasiliensis has
a diet of mainly Coleoptera, Lepidoptera
and Hemiptera (Whitaker et al., 1996; Lee
and McCracken, 2005), although the exact
composition varies according to the time of
foraging (Whitaker et al., 1996; Lee and
McCracken, 2005). In east Africa however,
C. pumilus diet was made up of Hemiptera,
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TABLE 1. Mean percentage volume (± SE) of four invertebrate orders in the diet of three molossid species from
eastern Madagascar. Sample sizes of bats are shown in parentheses

Order Chaerephon pumilus Mops leucostigma Mormopterus jugularis
(54) (48) (43)

Coleoptera 40.3 ± 5.07 39.6 ± 5.93 60.5 ± 6.30
Hemiptera 19.3 ± 2.58 21.7 ± 3.70 19.9 ± 4.78
Lepidoptera 17.6 ± 2.01 15.3 ± 2.64 11.3 ± 2.14
Diptera 6.6 ± 1.46 15.2 ± 3.39 2.7 ± 1.60
Hymenoptera 0.7 ± 3.12 0.3 ± 0.23 0.0
Ephemeroptera 0.0 1.1 ± 0.59 0.0
Trichoptera 0.7 ± 0.46 0.0 0.0



Lepidoptera and Hymenoptera but the pri-
mary food source was Blattodea taken from
inside the roost (Aspetsberger et al., 2003).
Tadarida plicata in Thailand fed on mainly
Homoptera, Lepidoptera and Coleoptera
(Leelapaibul et al., 2005). Fenton et al.
(1998) reported Coleoptera as the main 
dietary component of the large Molossus
ater (body mass 30–45 g) in Mexico. The
diet of the European free-tailed bat Tada-
rida teniotis consisted mainly of Lepido-
ptera and Neuroptera (Rydell and Arlettaz,
1994) but this species has an unusually low
echolocation frequency (11–12 kHz) and 
is proposed to be a specialist on tympanate
insects. 

Overlap and Competition

Our study presents the first descrip-
tion of the diet of two endemic Malagasy
bats M. leucostigma and M. jugularis. 
These species roosted synanthropically
with C. pumilus in the low roofs of build-
ings at the edge of a mid-elevation dense
humid forest. If food resources were limit-
ed we might expect a mechanism of re-
source partitioning to be present. At the 
ordinal level there was considerable over-
lap between the dietary composition of 
the three bat species within each of the 
two study periods. Dietary composition
changed according to the season but this
shift was consistent across the diet of all bat
species, although there were a few inter-
specific differences in the percentage fre-
quency of Diptera and Lepidoptera. It ap-
pears that interspecific competition for 
food is not strong, although we acknowl-
edge that there may have been undetected
spatial segregation of foraging areas that
could reduce levels of competition or selec-
tion of different prey size (e.g., Zhang et al.,
2005). Another possibility is that there was
interspecific variation in the composition 
of Lepidopterans in the diet, due in part to
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foraging techniques associated with echo-
location characteristics, but this was not 
detected during our analyses because of 
the difficulty in analysing soft lepidopteran
parts from faeces. The agriculture-forest
landscape in our study area appears to pro-
vide ample insect food for molossid bats
and changes in dietary composition proba-
bly followed seasonal patterns of insect
availability.

Pest Control? 

There is growing interest in the role that
insectivorous bats play in predation upon
insect pests (e.g., Lee and McCracken,
2005; Leelapaibul et al., 2005; Zhang et al.,
2005). Lepidopterans are significant eco-
nomic pests of Madagascar’s cotton crop
and in particular, larvae of Helicoverpa ar-
migera and Spodoptera littoralis have been
identified as serious pests and are targetted
by the annual application of insecticide. Al-
though our study site was in eastern Mada-
gascar, away from the island’s main cotton
producing areas, some molossid bats (e.g.,
C. leucogaster, M. leucostigma) are occur
within both the western and southern cotton
producing regions. Lepidopterans were an
important food source for molossid bats in
our study and further investigation is now
required into the quantity and composition
of invertebrates consumed by microchiro-
pterans in order to assess their economic
and environmental role in Madagascar.
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