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Abstract: We studied the diet and the overlap of diet and spatial niches of three common insectivorous bats: Hipposideros
fuliginosus, Rhinolophus landeri and Chaerephon pumilus in the West region of Cameroon from December 2016 to November
2018. Bats were captured using standard mist netting and fecal analyses carried out. Five fecal pellets were randomly chosen
from each bat, moisten with water and separated into fine pieces and observed under a binocular microscope. The result reveals
that these species fed mainly on coleopterans, lepidopterans and hemipterans. Diet of these bats exhibited a high level of
overlap, with the highest value between C. pumilus and R. landeri, with an overlap percentage of 76.6%, followed by H.
fuliginosus and R. landeri, with an overlap percentage of 69.2%. The lowest overlap, with a percentage of 28.2% is between C.
pumilus and H. fuliginosus. Also, communities of the R. landeri are spatially distant from those of C. pumilus and H.
fuliginosus with the lowest spatial overlap between the pair C. pumilus and R. landeri followed by R. landeri and H.
fuliginosus. Our results show that these three species consume the similar types of insect prey, but they take different
proportions. Moreover, resource partitioning by these insectivorous bats is likely to occur in accordance with the abundance
and seasonal availability of insect prey. Furthermore, our results provide baseline data for several insectivorous bats in
Cameroon whose dietary and spatial co-existence has never been studied.
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is niche overlap which is the region of niche spaces shared by
two or more species [19]. Indeed, species can only coexist
locally and maintain diversity in an ecosystem if they reduce
competitive interactions and avoid complete overlap by
partitioning critical resources such as using different
resources: shelter, food or space or alternately by using the
same resource in different ways [76].

The vegetation of the West region originally consisted of
mid-elevation Atlantic evergreen forest in the oceanic slope,
periforest savannahs on the Tikar plain and the Bamoun
plateau and semi-deciduous forest in the Mbam and Ndé

1. Introduction

Mechanisms that enable niche differentiation to ensure
species coexistence and maintain biodiversity of ecosystems
have long intrigued community ecologist. Coexisting species
are known to avoid competitive exclusion by separating
niche or partitioning resources such as habitat or diet [44].
Therefore, one way to investigate how species coexistence
occurs is by measuring niche parameters such as niche
overlap and comparing them among species [45]. When
sympatric species have similar ecological requirements, there
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valleys [28, 55]. This vegetation has undergone profound
transformation, via anthropogenic activities such as
urbanization and agricultural expansion that are major drivers
behind species loss through habitat destruction and
fragmentation [26, 53]. The intensification of agriculture is
one of such drivers that have significantly expanded in the
West region of Cameroon in recent years [87]. This gradual
transformation of natural habitat significantly reduces the
hunting range and roosting sites for bats, leading to massive
movement of species to preferred habitats [77]. These species
gatherings lead to intra and interspecific competitions within
their community. Bats population decline in an environment
is related to unavailability of resources [57].

In order to limit competition, bat communities divide
resources in four ways: spatial separation [81, 79, 49, 24];
vertical selection in relation to flight height [46, 20, 89];
specialization in diet [46, 94, 23, 3] and finally a difference
in hunting time [17, 78, 21].

A number of studies have been conducted on the dietary and
spatial partition among bats [5, 61]. Insectivorous bats can
partition space based on wing morphology and echolocation
call. Frugivorous bats can partition habitat within a site based
on foraging height: ground level, canopy level, and above the
canopy [58]. Several studies have shown habitat preference as
a means of resource partitioning [5, 61]. Other studies have
focused on dietary partitioning [36, 84, 4, 32, 11]. Some of
these studies show evidence of partitioning [31, 36, 32], while
other show no evidence of dietary partitioning [4, 18, 27, 13].

In Africa, the only studies on resource sharing between

2. Materials and Methods
2.1. Study Site
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different species of bats have focused on the bats diet [72, 4,
70, 69]. These studies interpret the differences between diet
as a consequence of sharing space and, indirectly, as a
demonstration of the principle of competitive exclusion.
While these studies provide information on the diet of bats in
Africa, very little information is currently published on the
diet of bats in Cameroon [9, 14]. Moreover, no study shows
how different species of bats in coexistence use their spatial
and food resources.

Our study on spatial and dietary niche overlap between the
three species of insectivorous bats is therefore important in
order to estimate both their separation and their importance.
The identification of interspecific differences is an adaptive
value in the context of niche separation [5]. Our study will
therefore be limited to a simplified subset of the guild of
insectivorous bats, the one defined by our three species
Hipposideros  fuliginosus (Hipposideridae), Chaeraphon
pumilus  (Molossidae) and  Rhinolophus  landeri
(Rhinolophidae). These three sympatric species occur in most
of the habitats of the West region of Cameroon. It therefore
essential to understand the mechanisms that allow the sharing
of resources between the three species of insectivores. We
will compare two important dimensions of their ecological
niche: i) the use of food resources, through fecal analysis; (ii)
the size and overlap of their food niche; iii) and the use of
space, by spatial niche overlap. These data will serve as a
foundation to ensure the conservation of this group, which
may allow verification and enhancement of their potential
use as a local biological control agent.
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Figure 1. Location of the West region with Cameroon.
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The West region of Cameroon is located between latitude
5° and 6° north and longitude 10 ° and 11° east. Its surface
area represents 3% of the Cameroonian territory (13, 892
km?). This region with the adjacent North West region is part
of the western highlands of Cameroon [87]. These uplands
are characterized by a succession of stepped plateau and
limited by an escarpment of tectonic origin offering a
particularly rugged topography with slopes approaching 40°
(Figure 1). The plateaus of altitudes higher than 1000 m are
observed along the SSW-NNE oriented volcanic massifs,
forming the Cameroon Volcanic Line [73]. The climate is
humid tropical with two seasons: a dry season of four to five
months (November to March) and a rainy season of seven to
eight months (mid-March to October). Annual rainfall varies
between 1,673 to 2,092 mm depending on the year with an
average of 1,814.6 mm. Due to altitude; the average annual
temperature is between 19° C and 21°C [62, 87].

2.2. Capture, Identification and Fecal Collection

Bats were captured from December 2016 to November
2018 in monofilament nylon mist nets (12 m x 2.5 m; mesh,
40 mm) based on prior knowledge of bats activities (small
streams, dip ponds, cultivated farms, clearings, cave
openings and tree hollows were targeted). Mist nets were
deployed at each site (9 sites; Table 1) between 6 pm to 12
midnight and checked every 15 minutes. Age, sex, forearm
length, mass, reproductive status, and species name were
recorded for all bats captured. Morphometric measurements
from each captured bat were used for the identification of
each species using the keys [75, 35, 63, 33]. After external
measurements were recrded, each bat was placed separately
in a small cloth bag for atleast two hours to collect feces for
dietary analysis [70, 71], after which the bats were released.
The fecal samples were labeled and stored in a plastic vials
containing 70% ethanol until fecal analyses were carried out.

Table 1. Geographical coordinates, habitat and length of net and number of nets used in parentheses.

Sites Longitudes Latitudes Altitudes Habitat sampled Length and number of nets
Site 1 N05.28827 E010.34107 1018m Savannah 12m (4)
Site 2 N05.23221 E010.25615 1541m Deep-pond in cultivated farm 12m (4)
Site 3 NO05.45719 E010.48457 1146m Deep-pond in savannah 12m (3)
Site 4 NO05.11560 E010.34504 1057m Savannah 12m (4)
Site 5 N05.56656 EO011.12457 720m Cultivated farm 12m (4)
Site 6 N05.45855 E011.17421 676m Forest 12m (3)
Site 7 N05.33669 E010.04458 1800 m Cultivated farm 12m (3)
Site 8 N05.25269 E011.00114 752 m Forest 12m (3)
Site 9 N05.56656 E011.12457 720m Cultivated farm 12m (4)

2.3. Fecal Analyses

Five fecal pellets from each individual bat were selected
randomly [93], and put in a petri dish containing a little
amount of water (1-2 ml). The fecal pellets were carefully
broken into little pieces with the help of fine dissecting
needles under stereo-binocular microscope [70, 11]. The
separated parts of insects were observed under the
microscope. Parts such as legs, wings, antenna, abdomens
and mouth parts were identified according to the guidelines
and identification keys provided [95, 15, 82, 65]. We visually
estimated the percentage frequency of prey items in the diet
among individuals for each species, and estimated the
percentage volume of prey items in pellets from each
individual bat. The percentage volume was then expressed as
the sum of individual pellet volumes divided by the total
volume of feces examined, multiplied by 100 [95].

2.4. Statistical Analyses

The Fisher's Exact Test for Count Data was used to detect
a possible intraspecific variation of the numbers according to
the seasons and habitats. In order to use the percentage
volume values in the normalized margin, all data was
transformed into angular data before analysis using the R

version 3.4.1 [66] statistical software. The ANOVA test was
used to compare the abundance of different insect orders in
the feces of the three bat species at the 5% significance level.
Finally, the multiple comparison test (LSD) was used to
show where the significant difference lies. The Generalized
Linear Model (GLM. 25) was used in order to test the effect
of season on the diet.

2.5. Niche Size Analyses

We assessed the importance of niche size (B) using Levins'
Measure [56]: B =1/ 2P, with P as the percentage volume
of each insect order consumed and equivalent to the inverse
of the Simpson index [46]. In addition, the value of B was
standardized (B *) between 0 and 1.0 according to the
method of Hurlbert [37]: B * = B -1 / n -1, where n
corresponds to the number of insect orders consumed by each
bat species.

2.6. Niche Overlap Analyses

In order to understand community organization, we
measured the overlap in resources use among the different
species in the community guild. The niche dimensions
commonly used to better understand the sharing of resources
among species is the calculation of overlap between food and
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space (or microhabitat). Niche overlap (O) between bat
species pairs was evaluated with Pianka's index [64], where
p: is the proportion resources i is of the total resources used
by each species (j and k).

n
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This measure of overlap ranges from 0 (no resources used
in common) to 1.0 (complete overlap).

3. Results

From December 2016 to November 2018, we captured 100
bats belonging to these three species: 38 individuals of
Rhinolophus landeri (Family Rhinolophidae), 33 individuals
of Chaerephon pumilus (Family Molossidae) and 29 of
Hipposideros  fuliginosus (Family Hipposideridae). This
corresponds to a capture success of 0.60 individuals per night
and a capture effort of 164.8 nets per night (Table 2). The
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Fisher's Exact Test for Count Data showed statistically
significant differences in the variation of individual bat
between the nine capture sites and between habitats (P< 0.05).
Figure 2 shows the distribution and spatial abundance of the
three species in the West region of Cameroon. We observed
that bat communities of R. landeri species are spatially
distant from those of C. pumilus and H. fuliginosus.
Adjustment of the spatially observed distributions to
theoretical Pianka values shows that the average of the
spatial overlap index between the three species is very low
(O = 0.23), proving that the species have separate spatial
niches. According to the theoretical values of the Pianka
index, the lowest spatial overlap is between the pair C.
pumilus / R. landeri (O = 0.01), followed by R. landeri | H.
fuliginosus (0.03). However, the largest spatial overlap is
between C. pumilus / H. fuliginosus (O = 0. 65). A degree of
overlap greater than (O < 0.5), even in the absence of
interactions between species, means that the species use or
share the same spatial niche.
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Figure 2. Distribution of three insectivorous bat species in the West region of Cameroon.

Table 2. Sampling Effort, Capture Success, and Specific Abundance of Three Insectivorous Bats Captured in the West Region of Cameroon.

Numbers of individuals per study site

Species Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Site 9 Total
Chaerephon pumilus 23 4 3 3 0 0 0 0 0 33
Hipposideros fuliginosus 0 0 0 1 20 0 0 3 5 29
Rhinolophus landeri 0 0 0 0 2 6 1 29 0 38
Total 23 4 3 4 22 [ 1 32 5 100
Capture effort 20 20 16.2 20 20 16.2 16.2 16.2 20 164.8
Capture success 1.15 0.2 0.18 0.2 1.1 0.37 0.06 1.97 0.25 0.60
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Table 3. Volume, Percentage Volume and Frequency of Different orders of Insects Consumed by C. Pumilus, H. Fuliginosus and R. Landeri.

Insect orders Chaerephon pumilus Hipposideros fuliginosus Rhinolophus landeri

Volume  %volume Frequency Volume %volume Frequency volume % volume Frequency
Diptera 221 7.70 1 0 0 0 213 10.4 37/38
Lepidoptera 529 18.30 1 82 8.2 1 585 28.6 1
Hemiptera 768 26.50 32/33 162 16.3 1 208 10.2 36/38
Hymenoptera 74 2.6 32/33 152 153 1 109 53 1
Coleoptera 1268 43.8 1 480 48.2 1 751 36.7 1
Orthoptera 0 0 0 94 9.4 1 145 7.1 1
Unidendified 33 1.1 20/33 26 2.6 17/29 37 1.7 27/38
Total 2893 100 996 100 2048 100
Number of pellets 165 145 190

Chaerephon pumilus (Cretzschmar, 1826): Nineteen males
and 14 females of this species were captured with four
individuals caught in natural forest and 29 in the savannah
area. Also, this species is widely distributed at elevations
between 1000 m to 1750 m in the West region of Cameroon.
The species is listed as Least Concern in the ITUCN Red List
and its population trend is unknown [59]. The little free-
tailed bat uses variable intensity calls for detection of a wide
variety of prey that are consumed in flight.

Rhinolophus landeri (Martin 1838): Twenty one males and
16 females were caught at two habitat types during the
surveys. We caught 37 individuals in natural forest and one
in the cultivate farm. This species occupies altitudes ranging
from 720 m up to 1800 m (site 7) in the region. The species
is listed as LC in the IUCN Red List and its population trend
is unknown [38]. This species is a clutter foragers which is
highly selective for certain prey.

Hipposideros fuliginosus (Temminck 1853): This species
was recorded in both the cultivate farms (24) and the
savannah (5) in the region. Twenty nine individuals (nine
females and eight males) were caught. During these surveys,
the individuals were caught from elevations ranging from

720 m to 1250 m. This species is listed as LC in the [UCN
Red List and its population trend is unknown [60]. This
species forages by slow-hawking.

Based on our analyses of fecal pellets, six insect orders.
(Coleoptera, Diptera, Hemiptera, Hymenoptera, Lepidoptera
and Orthoptera) were identified in the droppings of these bats.
We recorded a total of 5,937 insect fragments (Table 4),
among which 5,841 prey items were identified and 96 were not.
The mean number of prey taxa per pellet was 11.71 £5.05 (n=
500), with a minimum of seven. Coleopterans accounted for
the majority of identified preys, followed by lepidopterans and
dipterans. Based on both the percentage volume and
percentage frequency of contents in the fecal pellets examined,
coleopterans occurred with a percentage of 43.8% (38.42 =
11.16), 48.2% (16.55 = 5.42), 36.7% (19.76 = 6.77) in C.
pumilus, H. fuliginosus, R. landeri respectively. The second
most frequently consumed group of insects belonged to the
order Lepidoptera: C. pumilus (18.3%; 16.03 + 6), H.
Sfuliginosus (8.2%; 2.82 + 1.55) and R. landeri (28.6%; 15.39 =
5.66). Other important prey were from the order Diptera: C.
pumilus (26.5%; 23.27 + 9.36), H. fuliginosus (16.3%; 5.58 +
2.00), R. landeri (10.2%; 5.47 + 4.06).

Table 4. Niche sizes of the three bat species in the West Region of Cameroon.

Species Order of insects consumed (n) Levins Index (B) B standardized (B¥)
Chaerephon pumilus 5 3.305 0.57
Hipposideros fuliginosus 5 3.230 0.55
Rhinolophus landeri 6 3.93 0.58

3.1. Diet of Rhinolophus Landeri

We recorded 2,048 insect fragments from the fecal pellets
of this species, among which 2,011 items were identified and
37 were not. This diet was dominated by Coleoptera (36.7%;
19.76 + 6.77) and Lepidoptera (28.6%; 15.39 + 5.66), other
taxa with lower occurrence were Hemiptera (10.4%; 5.60 +
3.73), Diptera (10.2%; 5.46 £ 4.06), Orthoptera (7.1%; 3.81
+ 2.12) and Hymenoptera (5.3%; 2.86 + 2.19). This was the
only species for which we identified six insect orders.

3.2. Diet of Chaerephon Pumilus

We did not observe any Orthoptera fragments in the fecal
pellets of this species. We recorded a total of 2,893 insect
fragments from 165 fecal pellets, among which 2860 items
were identified and 33 were not. The percentage volume of

Coleoptera (43.8%; 38.42 + 11.16) was higher than in the
diet of the other two species. Dipterans and lepidopterans
were the second most common prey items: 26.5% (23.27 +
9.36) and 18.3% (16.03 + 6) respectively. Other insect orders
were Hemiptera (7.7%; 6.69 + 4.23) and Hymenoptera (2.6%;
2.24+£1.32).

3.3. Diet of Hipposideros Fuliginosus

The diet of H. fuliginosus consisted mainly of Coleoptera
(48.2%; 16.55 + 5.42), Diptera (16.3%; 5.58 =+ 2.06),
Hymenoptera (15.3%; 5.24 + 2.6), Orthoptera (9.4%; 3.24 +
2.92) and Lepidoptera (8.2%; 2.82 + 1.55). The amount of
hymenopterans was higher than in the diet of other species.
Hipposideris fuliginosus fed very little on Lepidoptera
compared to all other species. A total of 996 insect fragments
were recorded from fecal pellets (n = 145), among which 970
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items were identified and 26 were not. This species was the
only one in which we did not find any insect fragments of the
order Hemiptera.

3.4. Comparison of Diet of These Three Species

We observed a statistically significant differences in the
percentage volume of food items between the three
insectivorous bat species (P < 0.05): Coleoptera (F = 42.10),
Lepidoptera (F = 20.10), Diptera (F = 19.10), Hemiptera (F =
10.2), Hymenoptera (F = 5.70) and Orthoptera (F = 4.00).
These proofs that the proportion of consumed prey were not
the same in all three species. Additionally, the percentage
volume of Coleoptera between C. pumilus and R. landeri
differ statistically significantly (P <0.0001 ***), likewise for
the percentage volume of Diptera between Hipposideros
fuliginosus and Chaerephon pumilus (P<0.000001 ***),

Multiple comparison test (LSD) between the species,
showed a statistically significant difference in the orders
consumed at 5% level between the two seasons (estimate = -
1.304 £ 0.902, z = -1.444, P = 0.148). Indeed, we observed
the highest difference between the consumption of the
lepidopterans in all three species according to the seasons.

Also, this highest variation in lepidopterans consumption was
observed in H. fuliginosus, which consumed mainly
Lepidoptera in the rainy season. The Generalized Linear
Model (GLM. 25) summarizes the potential effects of
seasonable variable on the observed total insect’s orders
consumed. Consumption of Hymenoptera, Lepidoptera and
Diptera was positively correlated with seasonal variation
(estimate = 0.264 + 0.123, z=2.140, P = 0.0323), (estimate =
-0.142+0.05, z = -2.623, P= 0.00872) and (estimate =
0.083+0.037, z = 2.205, P= 0.02746) respectively. However,
percentage volume of Coleoptera, Hemiptera and Orthoptera
did not vary statistically significantly with seasonal variation
(estimate = 0.045+0.025, z = 1.767, P=0.07719), (estimate =
0.004+0.085, z= 0.049, P=0.9609) and (estimate = -
0.08+0.121, z= -0.662, P= 0.50822) respectively.

3.5. Niche Sizes and Niche Overlap

The Levins' measures of niche size of these three species
coexisting in the study area were close: 0.56, 0.55 and 0.58
for C. pumilus, H. fuliginosus, R. landeri respectively (Table
5). These three values are slightly greater than 0.50 which
corresponds to the generalist category.

Table 5. Pianka's Measure of Dietary Niche Overlap Between the three Bat Species.

Comparison of diet overlap Pianka index (0) Percentage overlap (%)
Chaerephon pumilus & Hipposideros fuliginosus 0.209 28.2%
Chaerephon pumilus & Rhinolophus landeri 0.881 76.6%
Hipposideros fuliginosus & Rhinlophus. landeri 0.7 69.2%

Pianka's index (mean of observed index)

0.66

According to Pianka's index (Table 5), the three species
have a high average (O = 0.66) meaning similarity in dietary
preference. The highest overlap is between C. pumilus and R.
landeri (O = 0.881) with an overlap percentage of 76.6%,
followed by H. fuliginosus and R. landeri (O = 0.7) with an
overlap percentage of 69.2%. The lowest overlap, with a

Chaerephon pumilus

percentage of 28.2% is between C. pumilus and H.
fuliginosus (O = 0.294). The upward hierarchical
classification of prey similarity consumed by the three bat
species, based on the overlapping matrix of food niches is
presented in Figure 3.

Hipposideros fuliginosus

Rhinolophus landeri

UOBDIJISSR]D [BOIYORIdIH

Figure 3. Ascending Hierarchical Classification of Species Consuming Insect Orders, Based on the Overlapping Matrix of Niche.
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4. Discussion

These three species of bats are widely distributed in the
West region of Cameroon. Insectivorous bats provide
important ecological services such as insect pest control and
the regulation of nocturnal insect populations [92]. These
functions suggest that their absence would impoverish the
ecosystems of which they are part of, and may even lead to
its collapse [48]. Several favorable habitats exist for these
bats species in the West region of Cameroon. It is interesting
to note that, these species have been recorded previously in
several other ecosystems in Cameroon [75, 6-8].

Our analyses provide baseline information about the diet
of three bat species from the West region of Cameroon. Six
insects orders with large percentage volume differences were
observed in the diets of some species, but small differences
were observed in the diets of C. pumilus and R. landeri as
concerns dipterans. Coleoptera, Lepidoptera and Diptera
were the most common food items occurring in all the
analyzed pellets. Coleopterans were the preferred food items
of some molossids in the Far North region of Cameroon [14].
The author [1] further pointed out that, most African
insectivorous bats mainly feed on lepidopterans and
coleopterans. Our results are in line with studies [68, 70, 92],
which showed the predominance of coleopterans in the diet
of bats. These findings also corroborate studies in
Madagascar [69, 71] that showed that several species of bats
mainly feed on coleopterans. The information should be
interpreted carefully as diets of bats largely depend on the
environment and the season [85, 54, 96, 70, 69, 71]. It is
therefore difficult to wuse such information to make
generalizations about one species [92].

The percentage volume of the Order Coleoptera was
highest for the majority of identified prey. This abundance of
Coleoptera fragments in the fecal pellets of R. landeri, C.
pumilus and H. fuliginosus could be attributed to the
abundance and wide distribution of coleopterans in the study
area. Indeed, the Order Coleoptera is the most abundant
insects in the world with nearly 350,000 to 400,000 species
described [22]. They are present in all major habitats with the
exception of the polar and marine environments. Another
reason for the consumption of beetles is related to their
relative larger size which makes flight slower, thus
facilitating capture by insectivorous bats [16]. Our results
show that lepidopterans were another frequently consumed
group of insects prey. These results are similar to those
obtained by the authors [74, 83] who noted the prevalence of
moth scale in the feces of Rhinolophus beddomei and
Rhinolophus  pusillus. Coleopterans and lepidopterans
appeared to be the most important insect orders in bats' diet
[52]. Our results reveal that family Diptera is the third
preferred prey for these species. These results are similar to
those of the author [83] who found that dipterans were the
third resources used by Rhinolophus rouxii, Rhinolophus
pusillus, Rhinolophus lepidus and Rhinolophus beddomei in
India, while the research [92] found high numbers of

dipterans in the diet of Taphozous longimanus in Thailand.
According to Bogdanowicz et al. (1999), Weterings and
Umponstira (2014), bats that feed on a large number of
dipterans are often small in size and have high frequency
echolocation calls [12, 91]. The low consumption of
hymenopterans and orthopterans can be explained by the
adaptation of the diet of these three species according to their
environments. Bat's diet was potentially related to
preponderance of available prey, habitat and the time when
prey are hunted [69].

When comparing the percentage volumes and frequencies
of occurrence of prey items for these species, we observed a
variation in the amount of prey items consumed by these
three species. Chaerephon pumilus consumes mainly
coleopterans, dipterans and lepidopterans. These results are
similar to those obtained by the authors [4, 13], who also
showed that these three Orders were among the common
prey consumed by C. pumilus. However, we did not find any
fragments of orthopterans in their fecal pellets, this contrast
with findings [13] that showed that 0.02% of Orthoptera
fragments were present in the diet of C. pumilus in the far
north region of Cameroon, and concluded that orthopterans
were probably accidental prey in the diet of this bat.
Rhinolophus landeri feeds on the six orders of insects:
Coleoptera and Lepidoptera were the most common. The
presence of six orders in their diet, with Hymenoptera in
small quantities shows that this species is able to capture all
types of prey, even insects that remain attached to leaves.
Indeed, the ability to extract prey from vegetation has also
been reported in the family Rhinolophidac [11]. In
Zimbabwe, [30] found 92% of Lepidoptera and Orthoptera
fragments the diet of R. landeri while [43] in Sudan found
that the diet of this species consisted mainly of small
Coleoptera. For H. fuliginosus, our result shows that this
species feeds on five insect orders (Coleoptera, Lepidoptera,
Diptera, Hymenoptera and Orthoptera), with a marked
preference for coleopterans. Hipposideros fuliginosus feeds
on other insect orders, but not hemipterans which are also
present in the study area. The hypothesis that the small
amount or absence of any fragments orders in the fecal
pellets of a bat species may be due to the fact that some
orders spend a short time in the digestive tract of bats and are
defecated faster than other insect orders [70]. In addition, the
diet of H. fuliginosus is closely related to their hunting
pattern which favors the capture of medium-sized flying
insects such as moths and coleopterans [33].

The dietary study of these three insectivorous bats are
important for understanding insect-prey preferences, it also
provides a good estimate of preferred prey [51]. The values of
the Levins' measure classifies these three bat species in the
generalist category and shows that despite the phenotypic
differences, these three species show a convergent evolution
with regard to diet. This convergent evolution within this
community makes it possible to question or verify the
hypothesis on the similarity limit of bat species with respect to a
particular insect group. A high niche overlap (Pianka’s index, O
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= 0.66) between the three species highlights that despite
differences in specific hunting techniques among the three
species (e. g. capture of prey in flight or glean prey from the leaf
surface) [40], these species adapt their food habit according to
their environments. Indeed, the authors [10, 70] suggest that,
generalist bats punctually exploit abundant prey in their
environment.

The variation in echolocation calls frequencies represent
adaptations to different forage microhabitats [67]. Bats of the
family Rhinolophidae and Hipposideridae typically emit long
constant frequency (FM-CF-FM) echolocation calls with a high
duty cycle that allows them to exploit prey resources around and
within dense vegetation [86]. Indeed species that are active in
cluttered habitats use low intensity echolocation calls [42] when
bats foraging in open environments they use narrowband calls
consisting of shallow, long duration frequency modulated (FM)
calls [29]. Hipposiderids bats are known to be flexible in their
hunting behavior, they use high duty cycle echolocation that are
better able to prey on airborne insects from perches and
therefore detect the echoes of fluttering insects in the cluttered
background [50, 2]. This echolocation behavior observed in
foraging bats is the most important ecological factor which
define various foraging habitats [80].

Wing morphology (e. g. forearm length) is another factors
determine where bats forage [1]. It determines flight style
and different foraging strategies [88, 39]. For example, bats
with large, broad and rounded tips wings such as rhinolophid
fly slowly with considerable manoeuvrability and hunt in
cluttered environments [33]. In comparison, H. fuliginosus
with relatively short forearm length (FA: 47-36), forages by
slow-hawking, indicating that this bat forages mainly in
densely cluttered forest [33]. Moreover, fast-flying molossid
such as C. pumilus exploit insects in the open-space, because
there may encounter high metabolic costs when foraging in
edge-space habitats (forest gaps) [90].

5. Conclusion

Our study reveals that in the West region of Cameroon,
these three insectivorous bat species feed on six insect Orders
(Coleoptera, Hemiptera, Diptera, Lepidoptera, Hymenoptera
and Orthoptera). The order Coleoptera (42.09%) is the most
consumed prey item by the three bat species. We also
observed that the composition of the diet varies from one
species to another and between seasons. This makes it
possible to advance the hypothesis according to which the
three species of bats present in the West region of Cameroon
use different modes of hunting and could hunt several orders
of insects within their habitat. The spatial coexistence
between these species is found in prey selection, habitat
selection and the niche size of each species. All these factors
could mitigate an important overlap and at the same time
remedy the effects of exclusive competition between them.
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