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INTRODUCTION

The western region of Cameroon is characterized by a het-
erogeneous landscape, of series of high plateaus formed 
by volcanic massifs, the most important of which are 
the Bamboutos Mountains (2,740 m a.s.l.), interspersed 
among lowland areas such as the Nkam and Noun valleys, 
and the Tikar Plain (Temgoua 2011). This heterogeneous 
landscape composed of montane forest remnants, grass-
land savannah and gallery forest in valleys is part of the 
Mount Cameroon-Bioko ecoregion. This region harbors 
some of the most threatened ecosystems in the country 
(Temgoua 2011). Indeed, very little of the region’s native 
biota remained, a consequence of decades of deforesta-
tion to make way for agriculture and urbanization. More-
over, the region harbors the highest population density 
of the country with 13% of the national population, con-
centrated in only 3% of the territory (MINEPAT 2010). 
The consequences of these strong anthropic pressures are 

particularly evident on the Western High Plateau, where 
poor soil and low rainfall have aggravated the effects of 
deforestation, converting the area to grassland (Temgoua 
2011). As pointed out by Estrada  & Coates-Estrada 
(2002), human-induced land use changes, due to agricul-
ture and urbanization are known to alter bat assemblages, 
depending on the functional identity of bat species.

Bats are a species-rich group of mammals with about 
357 species recorded in Africa (ACR 2018). They are 
found in every biome throughout the African continent 
with the exception of some extremely hot regions, and 
the tops of high mountains (Happold & Happold 2013). 
Several authors suggest that species richness and distri-
bution of bats is influenced by the availability of resourc-
es such as drinking sites, food and suitable roost (Curran 
et  al. 2012; Happold  & Happold 2013). The potential 
distribution of each bat species can be affected by these 
ecological variables. In the tropics, vegetation types cor-
related with altitude are the principal factors that deter-
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mine bat species distribution (Kaňuch  & Krištín 2006; 
Weier et  al. 2016). Mammalian species show varied 
responses to altitudinal gradient, among which two pat-
terns standout for bats: a clinal pattern in which species 
richness is higher in lower elevations and decreases with 
altitude (Graham 1983, 1990; Patterson et al. 1996; Pin-
ares 2006; Flores-Saldana 2008; Peters et al. 2016; Peters 
et al. 2019), or modal pattern with a peak in richness at 
mid-altitudes (Sanchez-Cordero 2001; McCain 2005). In 
addition, Curran et al. (2012), recorded some bat species 
mainly at higher altitudes, mid-altitudes and others pre-
ferred both low and high altitudes. They further pointed 
out that bat activity and capture rates in the tropics are 
greater at lower altitudes because water is not a limiting 
factor.

Although many surveys have focused on the mamma-
lian fauna of Cameroon, few of these studies concerned 
bats until recently. To the best of our knowledge none 
of these studies assessed how bat species richness var-
ies with altitude in heterogeneous landscapes such as the 
West region of Cameroon. Moreover, bats are not includ-
ed in conservation and wildlife management programs 
in tropical ecosystems despite their ecological and eco-
nomic importance (Bakwo Fils 2009, 2010). This lack of 
ecological information about the bats fauna of Cameroon 
hinders any development and implementation of conser-
vation strategies (Bakwo Fils 2010).

In the western region of Cameroon elevations reach as 
high as 2,000 m a.s.l. in some areas such as the Bambou-
tos and dip as low as 500 m a.s.l. in others such as the 
Noun and Nkam valleys. To our knowledge, bat diver-
sity along an altitudinal gradient in the region has never 
been studied. This study provides novel data for the West 
region of Cameroon, a region poorly surveyed for bats. 
Furthermore, knowledge of species-landscape relation-
ship and species distribution is essential for proper plan-
ning and efficient management of biodiversity (Jaberg & 
Guisan 2001). 

The present study aims to investigate patterns of dis-
tribution of bat species, species richness and abundance 
along an elevational gradient in the western region of 
Cameroon. We hypothesize that altitudinal pattern of bat 
assemblages in the region would vary with altitude and 
habitat heterogeneity, and that abundance and species 
richness would decrease with increasing elevation.

MATERIALS AND METHODS

Study site

This study was conducted in the western region of Cam-
eroon. The region is situated between 5° and 6° N and 
10° and 11°30’ E. The region covers a total surface area 
of 13.892 km2 (Olivry 1975; Brenac 1988). The vegeta-
tion is principally woodland savannah of the Sahel type, 

interspersed among open dry forest. Very little of the 
natural vegetation still exists because deforestation has 
turned most of the area into grassland (Temgoua 2011). 
The climate of the western region of Cameroon is of the 
Equatorial, Guinean type characterized by two major 
seasons: a rainy season from mid-March to November 
with peak precipitation in August and a dry season from 
December to April. The annual rainfall varies between 
1,000 mm and 2,000 mm depending on the year (Rivière 
2000). The average annual temperature varies between 
21.3°C and 29°C (Brenac 1988).

Bats capture and identification 

The survey was conducted from December 2016 to 
November 2018 at different altitudinal ranges (Fig.  1). 
Sampling was conducted over 95 nights across 32 sites. 
Bat activity was investigated in six different elevational 
ranges that represent a mosaic of different landscapes of 
the West region of Cameroon as described by Temgoua 
(2011), notably mountainous relief, plateaus and plains: 
Mbo plain (< 750  m a.s.l.), Tika plain (750–1,000  m 
a.s.l.), Noun plain (1,000–1,250 m a.s.l.), Bamoun plateau 
(1,250–1,500 m a.s.l.), Bamileke plateau (1,500–1,750 m 
a.s.l.) and the isolated volcanic massif (> 1,750 m a.s.l.). 

During each sampling night, mist nets (12 m × 2.5 m; 
mesh, 40  mm) were deployed at particular sites based 
on prior knowledge of bat activity (over slow-flowing 
streams, cultivated farms, clearings, cave openings and 
tree hollows). Mist nets were deployed at each site be-
tween 6 pm to 12 midnight and checked every 15 min. 
For each bat captured, morphometric measurements 
were taken using a Vernier caliper (Ecotone-Poland 
150/0.1 mm), weight was recorded using a Pesola spring 
balance (Ecotone-Poland Light Line 200g/0.2), the sex, 
reproductive conditions and age class were also noted. 
Morphological measurements from each captured bat 
were used for the identification of each species using the 
keys in Rosevear (1965), Hayman and Hill (1971), Pater-
son and Webala (2012) and Happold & Happold (2013). 
Bats were released after identification and species that 
could not be identified in the field were kept as voucher, 
and preserved in 70% alcohol and deposited at the Lab-
oratory of Biological Sciences of the University of Ma-
roua-Cameroon. The geographical positions of each site 
sampled were recorded using a hand-held GPS (Garmin 
eTrex).

Data Analysis

In order to test the relationship between abundance and 
species richness, the Generalized Linear Mixed-effects 
Modes (GLMMS) was used to discern the potential 
effects of some altitudinal variables. We performed a 
Kruskal-Wallis ANOVA followed by HSD tests (at 95 
% family-wise confidence level) in order to determine 
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if species richness, abundance, diversity and equitability 
differed among elevation ranges. The software Estimate 
S 9.0 (Colwell 2013) was used to calculate the number of 
species (X) using the averages of Chao 1 (mean), ACE 
(mean), Jack 1 (mean) and Bootstrap (mean) and to gen-
erate a species accumulation curve. The sampling effi-
ciency was calculated based on the formula below: 

Cluster analysis was performed for all altitudinal rang-
es to test the degree of similarity between them and to 
test if bat communities represent different assemblages. 
The Sorensen index (Sorensen 1948), was calculated 
and used in cluster analysis following the UPGMA (Un-
weighted Pair-Group) method using the arithmetic aver-

age (Magurran  & McGill 2011). Sorensen/Bray-Curtis 
similarity dendrogram was then plotted using packages 
of R software version 3.4.1 (R Core Team 2017).

RESULTS

Species richness and sampling success

During 95 sampling nights, we recorded a total of 442 
bats, comprising 25 species, 16 genera and six families. 
The family Pteropodidae had 7 species, followed by Hip-
posideridae with 6 species, Vespertilionidae with 5, Rhi-
nolophidae with 4, Molossidae with 2, and Nycteridae 
with 1 species (Table  1). The species with the highest 
capture frequency in the region was Myonycteris ango-
lensis (Bocage, 1898) (18.1% of all captures), followed 

Fig. 1. Map of Cameroon showing the West Region, and sites sampled for bats from November 2016 to November 2018.

observed number of species
estimated number of species

Sampling efficiency = × 100
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by Eidolon helvum (Kerr, 1792) (13.8%) and Microptero-
pus pusillus (Peters, 1868) (13.6%) (Table 1).

Species richness was highest in elevational range III 
(1,000–1,250 m a.s.l.) (13 species) and its bat fauna was 
represented by Pteropodidae, Vespertilionidae, Hippo-
sideridae and Molossidae (Table 1). Chaerephon pumi-
lus (Cretzschmar, 1826) (n = 29), was the most abundant 
species captured at this elevational range, followed by 
Micropteropus pusillus (n = 20) and Mops (Xiphonyct-
eris) nanulus J. A. Allen, 1917 (n  = 15). In elevation 
range I (< 750 m a.s.l.), we recorded a total of 12 spe-

cies, represented by Pteropodidae, Vespertilionidae, 
Hipposideridae and Rhinolophidae. Hipposideros fulig-
inosus (Temminck, 1853) was the most abundant (n  = 
25), followed by Hipposideros ruber (Noack, 1893) (n = 
15) and then Rousettus aegyptiacus (E. Geoffroy, 1810) 
(n = 13). In elevational range II (750–1,000 m a.s.l.), we 
recorded 9 species, belonging to Pteropodidae, Hippo-
sideridae, Rhinolophidae and Nycteridae. Rhinolophus 
landeri Martin, 1838 was the most frequently captured 
bat (n = 28), followed by Hipposideros ruber (n = 26) 
and then Rhinolophus simulator K. Andersen, 1904 (n = 

Taxon Range I
<750m

Range II
750–1,000m

Range III
1,000–1,250m

Range IV
1,250–1,500m

Range V
1,500–1,750m

Range VI
>1,750m

Total

Pteropodidae
Micropteropus pusillus 2 18 20 12 7 1 60
Eidolon helvum 1 1 18 41 0 0 61
Myonycteris torquata 0 1 2 6 2 0 11
Myonycteris angolensis 0 0 8 42 30 0 80
Rousettus aegyptiacus 13 0 1 0 0 0 14
Hypsignathus monstrosus 0 0 1 0 0 0 1
Epomops franqueti 0 1 0 0 0 0 1
Vespertilionidae
Pipistrellus nanulus 0 0 0 0 0 1 1
Pipistrellus grandidieri 2 0 0 0 0 0 2
Neoromicia nana 1 0 2 0 4 0 7
Scotoecus hirundo 1 0 0 0 0 0 1
Neoromicia tenuipinnis 0 0 4 0 0 0 4
Hipposideridae
Hipposideros abae 1 0 0 0 0 0 1
Hipposideros beatus 2 0 0 0 0 0 2
Doryrhina cyclops 11 0 3 0 0 0 14
Hipposideros ruber 15 26 0 0 0 0 41
Hipposideros caffer 0 0 1 0 0 0 1
Hipposideros fuliginosus 25 0 4 0 0 0 29
Molossidae
Chaerephon pumilus 0 0 29 0 4 0 33
Mops nanulus 0 0 15 0 0 0 15
Rhinolophidae
Rhinolophus landeri 0 28 0 8 0 1 37
Rhinolophus clivosus 0 1 0 0 0 0 1
Rhinilophus simulator 0 22 0 0 0 0 22
Rhinolophus alcyone 2 0 0 0 0 0 2
Nycteridae
Nycteris arge 0 1 0 0 0 0 1

Species abundance 76 99 108 109 47 3 442

Species diversity 12 9 13 5 5 3 25

Shannon diversity( H’) 2.8 2.3 3.0 1.9 1.7 1.6 3.7

Table 1. Individuals per species captured along an elevational gradient in the West region of Cameroon sampled from December 
2016 to November 2018.
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22). At elevational range IV (1,250–1,500 m) we record-
ed 5 species, represented by the families Pteropodidae 
and Rhinolophidae. Elevation range VI (> 1,750 m a.s.l.) 
was the least diverse, with 3 species (Pipistrellus nan-
ulus, Rhinolophus landeri and Micropteropus pusillus). 
There was considerable difference in species diversity 
and abundance across the different elevational ranges 
(Table 1; Fig. 2).

Species richness and diversity along the elevational 
gradient

Estimated species richness using Chao 1 (mean), ACE 
(mean), Jack 1 (mean) and Bootstrap (mean) is 31.9; 
38.5; 36.7; and 30.2 species respectively. The average 
(x) of these four estimators is 34.3 species. The species 
accumulation curve in the study area did not reach an 
asymptote (Fig. 3), indicating that our sampling was in-
complete. The sample efficiency was 72.8 %, which in-
dicates that additional survey work is needed. The results 
of the non-parametric one-way Kruskal-Wallis ANOVA 
showed that mean species abundance of the six altitu-
dinal ranges did not differ statistically significantly at p 
< 0.05 level (x2= 2.8651, df = 5, P = 0.7208). There was 
also no statistically significant difference in species rich-
ness between elevational ranges (x2 = 0.38798, df  = 3, 
p = 0.9427). 

Species similarity along the elevational gradient

The Sorensen/Bray Curtis similarity test revealed that the 
bat community structure of the six different elevational 
ranges were similar (r-value  = 0.8395) (Fig.  4). Range 
I (< 750  m) and range II (750–1,000  m) form a simi-
lar cluster, and range III (1,000–1250 m) and range IV 
(1,250–1,500 m) also form a similar cluster, indicating 

similarity in bat community structure. The dendrogram 
also indicates that bat community structure of elevational 
range V (1,500–1,750 m a.s.l.) and elevational range IV 
was quite different from the cluster formed by range I (< 
750 m) and range II (750–1,000 m) and that formed by 
range III (1,000–1250 m) and range IV (1,250–1,500 m) 
(Fig. 4).

Altitudinal species richness and abundance relation-
ship

The results of the Generalized Linear Mixed-effects 
Modes (GLMMS) showed that there is variation in bat 
species richness and abundance along the altitudinal gra-
dient. There is also a negative relationship between bat 
species richness and altitude. Indeed, it summarizes the 
output of the binary logistic model used to discern the po-
tential effects of some altitudinal range on the observed 

Fig. 2. Species diversity and abundance recorded at each elevational range in the West Region of Cameroon from November 2016 
to November 2018.
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total species richness. The model showed no statistically 
significant difference in species richness at p < 0.05 lev-
el among the six elevational ranges (estimate = 0.757 ± 
0.357, t = 2.118, p = 0.0341). The smallest t-value found 
between the elevational ranges I and III, showed no sta-
tistically significant difference in species composition. 
The t-values of comparisons of the species composition 
between the groups, IV, V and VI showed the highest dif-
ference.

Abundance was positively correlated with elevation-
al ranges I, IV and VI respectively (estimate = 1.216 ± 
0.195, z = 6.227, P < 0.001), (estimate = 0.824 ± 0.360, 
z = 2.290, P = 0.02200) and (estimate = -1.620 ± 0.701, 
z = -2.309, p = 0.02092). However, the elevational range 
III and V respectively (estimate = -0.17492, z = -1.084, 
p  = 0.27815), (estimate  = -0.39744, z= -0.992, p  = 
0.32107) were negatively correlated with altitude. 

DISCUSSION 

Our data show that bat species richness in the western 
region of Cameroon shows a low-plateau with a mid-el-
evational peak at elevational range III (1,000–1,250  m 
a.s.l.), after which species richness declines (Table  1). 
A low-plateau with a mid-elevational peak was also ob-
served for bats at Mount Mulanje, Malawi (Curran et al. 

Fig. 3. Species accumulation curve of bats captured in the West Region of Cameroon from November 2016 to November 2018. 
Horizontal line (34.3) = average of four species richness estimators.

Fig. 4. Sorensen/Bray – Curtis similarity test Dendrogram for 
altitudinal ranges of bats captured in the West region of Camer-
oon from November 2016 to November 2018.
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2012). A number of hypotheses have been proposed to 
explain the decrease in species richness with altitude 
among which the most frequently cited explanations in-
clude the mid-domain effect (MDE) (Rahbek 1997) and 
environmental factors such as climatic variables, pro-
ductivity and habitat heterogeneity (Nogués-Bravo et al. 
2008; Sanders  & Rahbek 2012). Indeed, Peters et  al. 
(2016) stressed the importance of temperature as the 
main predictor of species diversity in both plant and ani-
mal communities. Furthermore, Peters et al. (2019) spec-
ified that variation in species diversity in tropical moun-
tains is mostly driven by the interaction of both climate 
and human land use changes. The MDE on the other hand 
suggest that if species ranges are randomly shuffled with-
in a bounded geographical domain free of environmental 
gradients, ranges overlap increasingly toward the center 
of the domain, creating a “mid-domain” peak of species 
richness (Colwell & Hurtt 1994; Colwell & Lees 2000). 
According to McCain (2009) water availability is higher 
at lower elevations. More open water leads to an increase 
in activity of insects and subsequently to an increase in 
activity of insectivorous bats (Korine & Pinshow 2004). 
Furthermore, MacArthur  & MacArthur (1961) argued 
that lower elevations may also possess greater structur-
al complexity in vegetation that provide more resources 
and hence support a larger number of species. However, 
differences in species richness pattern observed along 
the elevational gradient may also be explained by the in-
teraction between climatic factors, vegetation structure 
and anthropic land use. Also, more species were captured 
at lower and intermediate elevations than at the highest 
elevation, this can be partly explained by the fact that 
relatively fewer sites were sampled at higher elevations.

Twenty-five bat species were recorded at different el-
evational ranges. Myonycteris angolensis was the most 
abundant bat captured. This forest species is common 
in Cameroon, and was previously recorded in Buea 
(Matschie 1891), Bibundi, Bonge, Ndiang, (Sjöstedt 
1897a, b), Bimbia, Tombel (Eisentraut 1941), Eseka 
(Haiduk et  al. 1981), Ngaoundere (Müller et  al. 1981), 
Dja Reserve (Bakwo Fils 2009), and Mpem and Djim 
National Park (Atagana et al. 2018). The abundance of 
this species at mid-elevations may be due to the existence 
of numerous natural and manmade structures that pro-
vide day roosts. Meredith Happold pointed out that Myo-
nycteris angolensis is apparently common in some local-
ized areas where fruiting trees and caves or cave-like day 
roosts are present (Happold 2013a – as Lissonycteris an-
golensis). Indeed, ACR (2018) established that Myonyct-
eris angolensis is widely distributed at elevations ranging 
from sea level to 4000 m a.s.l. in Africa. Micropteropus 
pusillus was recorded in all ranges and its distribution 
in not homogeneous across the elevation gradient. Ac-
cording to Atagana et al.(2018), Micropteropus pusillus 
is widespread in Cameroon, and inhabits forest, savan-
nah, plantation and ecotone areas. Eisentraut (1973) 

also recorded Micropteropus pusillus at elevations up to 
1,800 m at Mount Manengouba. Eidolon helvum, Rouset-
tus aegyptiacus and Myonycteris torquata were recorded 
at low and mid-elevations. Eidolon helvum was recorded 
at elevations between 750 m and 1,500 m. Curran et al.
(2012) on Mount Mulanje in Malawi recorded E.  hel-
vum only at mid-elevation (1,220–1,320  m). Indeed, 
this species also preferred disturbed habitats and forms 
large colonies around human habitations. Rousettus ae-
gyptiacus was only recorded at elevation below 1,250 m 
and was conspicuously absent at higher altitudes. This 
result contrast with that obtained in West Africa by Ver-
schuren (1976) and Denys et al. (2013) who reveal the 
abundance of Rousettus aegyptiacus at high elevations. 
Kwiecinski  & Griffiths (1999) showed that the abun-
dance of Rousettus aegyptiacus at high elevation may be 
due to the existence of numerous caves that provide day 
roost. In Cameroon, this forest species was previously re-
corded in both primary and secondary forest by Sanborn 
(1936), Sanderson (1940), Maisel et al. (2001), Bakwo 
Fils (2009) and Atagana et al. (2018). Epomops franqueti 
(Tomes, 1860) was recorded at mid-altitudes. These find-
ings are similar to those obtained by Eisentraut (1973) 
who recorded Epomops franqueti at an altitude below 
1,000 m on Mount Cameroon. Our study recorded only 
a single individual of Hypsignathus monstrosus H. Allen, 
1861 at mid-altitudes. According to Bergmans (1989), 
Hypsignathus monstrosus is common in the rainforest, 
and its abundance is determined by the availability of 
ripe fruits. This species inhabits areas below 1,800 m and 
was not recorded beyond this elevation (Happold 2013b).

This study revealed that vespertilionids were record-
ed in all altitudinal ranges. Pipistrellus nanulus Thomas, 
1904 and Neoromicia tenuipinnis (Peters, 1872) were re-
corded at high and mid-altitudes respectively. Pipistrel-
lus cf. grandidieri (Dobson, 1876) and Scotoecus hirun-
do (de Winton, 1899) were recorded at low altitudes. 
However, Neoromicia nana was recorded at both low 
and mid-altitudes. According to Soriano (2000), some 
species of vespertilionids may be better adapted to higher 
altitudes with colder climate despite their size. Bat spe-
cies of the family Molossidae were captured at mid-alti-
tudes around man-made structures that provide day roost. 
These findings corroborate those of McWilliam (1989) 
and Esbérard (2003) who suggested that there is a high 
probability of sampling molossids in front of their exit or 
near possible roosts in roof linings of human residences. 
Bats of the family Hipposideridae, Rhinolophidae and 
Nycteridae have a higher richness and abundance in both 
low and mid-altitudes. Our result is consistent with the 
findings of Curran et al.(2012) who previously captured 
a higher amount of bat species of the families Hipposide-
ridae, Rhinolophidae and Nycteridae between 630 and 
1,030 m altitude on Mount Mulanje in Malawi. Rosevear 
(1965), Schober  & Grimmberger (1997), Georgiakakis 
(2010) and Happold  & Happold (2013) suggested that 
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the distribution of some species like Hipposideros ruber, 
H. fuliginosus, Rhinolophus landeri and R. simulator are 
most consistently associated with day roosts and food 
availability. Our data reveals the presence of a single 
individual of Rhinolophus landeri Martin, 1838 at high 
altitude in a cultivated area. At Mount Cameroon, Rose-
vear (1965) recorded R. landeri in montane vegetation at 
1,400 m, while Largen et al. (1974) captured it in Ethio-
pia from 515 to 1,800 m and found no marked altitudinal 
preference. We recorded only a single individual each of 
Hipposideros abae J. A. Allen, 1917, H. caffer (Sunde-
vall, 1846), Rhinolophus clivosus Cretzschmar, 1828, 
and Nycteris arge Thomas, 1903 in our study, probably 
indicating the rarity of these species.

This study has allowed us to obtain data on the distri-
bution of bat species with respect to the landscape of the 
western region of Cameroon. However, we observed that 
insectivorous bats are more diversified (18 species) but 
less abundant (214 individuals) compared to frugivorous 
bats that are less diverse (seven species), but more abun-
dant (228 individuals). This may be related to a bias in the 
capture method that involved the use of understory mist 
nets that are known to be efficient at capturing sub-can-
opy frugivorous bats (Fleming 1982). Additionally, it is 
well established that mist nets have good success only 
in open environments (streams, cultivated farms, clear-
ings) (Martins et al. 2015). As pointed out by Kaňuch & 
Krištín (2006), Rhinolophidae, Hipposideridae and some 
Vespertilionidae can easily avoid mist nets because of 
their efficient echolocation calls. Therefore, for more 
exhaustive studies we recommend the use of harp traps, 
echolocation recording and canopy netting to supple-
ment standard mist-netting. Our sampling efficiency was 
estimated as 72.8%, confirming that additional surveys 
might significantly improve our chances of recording 
species new to the area. The similarity found between 
the elevational ranges IV and V, and between elevation 
ranges III and IV, V, is probably be related to the higher 
turnover of bat species between these elevations (Mar-
tins et al. 2015). According to Lomolino (2001), biotic 
turnover varies along the elevation gradient and depends 
directly on the richness of the overlapping community.

In conclusion, our study provides baseline data on the 
altitudinal ranges of bats in the western region of Camer-
oon. Species richness and abundance was higher at low 
and mid-elevations but lower at higher altitudes. This 
pattern of diversity is probably driven by differences in 
ecological heterogeneity among the different elevational 
ranges that provide suitable habitats for a number of spe-
cies. However, further research may be required to eval-
uate the impact of different habitats types on populations 
of bat species in the western region of Cameroon. 
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