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Anthropogenic activities continue to degrade natural montane ecosystems globally. Bats
communities are altered by these changes. We analyzed how bats are affected by
human-induced habitat changes by comparing the bat species diversity and functional
diversity in undisturbed forest habitats and disturbed forest habitats of the Afromontane
biome of Cameroon. We recorded 244 individuals from 13 species in the undisturbed
forest, while 233 individuals from 16 species were recorded in the disturbed forest. Bat
diversity was higher in disturbed habitats (D = 0.84) than undisturbed habitats (D = 0.67).
Jackknife 1 species richness estimator suggests 21.53 species for the disturbed forest
and 19.30 in the undisturbed forest. Closed-space forager insectivorous bats made
up nearly half of the species in the undisturbed forest, but this dropped to 25% in
the disturbed forest, meanwhile, edge-space foragers increased in the disturbed forest.
Bat community analyses by ordination revealed a distinct bat community composition
between the two forest types, demonstrated as a significant difference in diversity
between the two forest types. The distribution of Rousettus aegyptiacus, Myonycteris
angolensis, Hipposideros cf. ruber, and Micropteropus pusillus contribute the most
to the difference in bat community composition between the two forest types. Edge
and open-space species were likely to benefit from additional resources provided by
the disturbed area, by expanding their range and distribution. However, this may not
compensate for the decline in the population of forest species caused by the loss
of pristine forests, thus measures to conserve montane forest remnants should be of
utmost significance.

Keywords: edge species, bats, human activities, undisturbed forest, disturbed forest

INTRODUCTION

The biota of the tropical montane forest is very diverse and varied in endemic species (Gentry,
1995; Kessler and Kluge, 2008). These ecosystems are also amongst the most threatened globally
(Hamilton et al., 1994; Doumenge et al., 1995), with the estimated rate of deforestation nearly
double the rate of average global deforestation rates in the past few decades (Hamilton et al., 2012).
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Threats emanate from human activities such as the uphill
expansion of shifting cultivation and the exploitation of natural
resources. In Africa, the situation is further exacerbated by
extreme poverty that drives the immigration of subsistence
farmers into the montane forest from adjacent lowland areas
(Körner and Ohsawa, 2006; Mugagga et al., 2012). Indeed,
tropical moist forests are estimated to have reduced by half
of their original distribution in the last two decades due to
agricultural activities (Myers, 1991; Gibbs et al., 2010). Given
the accentuating nature of these threats, tropical forests are a
conservation priority globally (Edwards et al., 2019).

The Afrotropical Highlands biome of Cameroon that
encompasses the highlands of western Cameroon contain large
forested areas that harbor unique ecological and biological
diversity across many taxa (Myers et al., 2000; Olson et al., 2001;
Oates et al., 2004). The biome covers the western highlands of
southwestern Cameroon and extends northeast to the Obudu and
Mambilla Plateaus in Eastern Nigeria. The unique diversity and
endemism in this biome are thought to be a result of the area
being a major refugium during the Quaternary glaciation (Stuart,
1986; Lawson, 1993; Stattersfield et al., 1998; Myers et al., 2000).
This rich diversity has also been attributed to the region’s wide
variety of habitats resulting from its extensive highlands (Cronin
et al., 2014). Indeed the montane forests of the Cameroon
Highlands are considered a priority area for conservation globally
(Myers et al., 2000), this results from the area’s high biodiversity
and endemism (Maisels et al., 2001; Oates et al., 2004; Linder
and Oates, 2011; Abernathy et al., 2013; Cronin et al., 2014).
However, despite such important features, very few parts of
the highland’s habitats are currently under formal protection
status in Cameroon, which poses a challenge to its conservation
(Bergl et al., 2007). Moreover, except for Mount Cameroon,
these montane forests have been significantly degraded by human
activities (Collar and Stuart, 1988; Gartlan, 1989; Alpert, 1993;
Megevand et al., 2013), and most often comprise only forest
fragments within montane grasslands grazed by cattle of the
Fulani herdsmen (Ineich et al., 2015).

One way to mitigate the adverse effects of human activities in
an ecosystem is the establishment of protected areas (Geldmann
et al., 2013). Protected areas harbor higher species diversity
than unprotected areas (Laurance et al., 2012; Geldmann et al.,
2013; Gray et al., 2016), resulting from the reduction in
human-induced land-use changes such as poaching, wildfires,
and deforestation (Geldmann et al., 2013; Barber et al., 2014;
Gray et al., 2016). Indeed, Razgour et al. (2020) pointed out
that anthropogenic land-use changes are associated with a
severe decline in the population of some Afromontane bat
species. Unfortunately, most of the biodiversity hotspot of
the Afromontane biome of Cameroon is devoid of any legal
protection. Consequently, decades of intensive anthropization
have reduced formerly continuous montane forests to isolated
fragments, cultivated landscapes, grassland, human settlements,
and industrial plantations.

Bats play an important role in tropical forest succession
after disturbance. Frugivorous and nectarivorous bat species
can explore a wide range of resources, providing several
ecological services such as pollination, seed dispersal, and

forest regeneration (Stevens et al., 2004; Willig et al., 2007).
Additionally, insectivorous bats are important suppressors of
agricultural pest insects (Kalka et al., 2008; Jones et al., 2009).
In addition, because of their high species richness, abundance,
and variety of functional guilds bats are considered as a
good bioindicator taxon used to study various human-induced
alterations of ecosystems, such as forest fragmentation and
degradation (Jones et al., 2009; Meyer et al., 2010). Furthermore,
sensitivity to habitat fragmentation can be attributed mainly to
species-specific mobility-related traits (Law et al., 1999; Farneda
et al., 2015; Moir et al., 2021).

Previous records of bats in the Cameroon Highlands were
mostly in the form of pioneer faunistic expeditions and collection
of specimens (Eisentraut, 1942, 1956, 1963, 1964, 1968, 1973;
Hill, 1968; Fedden and MacLeod, 1986). Recently, surveys by
Mongombe et al. (2019, 2020), Manfothang et al. (2020, 2021)
added some recent information about bats of the Cameroon
Highlands. However, none of these studies evaluated the effect
of anthropogenic activities on bat diversity in the biome.

Several studies in a variety of biomes and taxa have revealed
that the number of species that inhabit remnant patches of
forest decreases significantly as habitat patch size decreases
(Debinski and Holt, 2000; Devictor et al., 2008). Habitat
fragmentation, because of agricultural activities is known to alter
bat assemblages (Walsh and Harris, 1996; Cleary et al., 2016).
However, the response of bat communities to fragmentation
can be positive or negative depending on whether the bat
species is a specialist or a generalist. Some generalists can better
persist in anthropogenically altered environments due to the
ability to exploit additional resources such as man-made habitats
(secondary vegetation and cultivated farms) and food resources
(Coleman and Barclay, 2012). On the other hand, habitat
fragmentation can reduce bat species richness and abundance
by reducing roosts and the availability of resources (Schulze
et al., 2000). Even though the montane forest of the Cameroon
Highlands continues to diminish because of significant human
pressure, our knowledge on changes in bat communities induced
by anthropogenic activities and how human activities affect bat
diversity in the area is still limited. This data is imperative
to predict the long-term consequences of fragmentation on
the montane forest biodiversity and to mitigate any effects.
Therefore, there is a need to collect such scientific information
in the area before the opportunities diminish completely due to
the ever-accelerating deforestation in the region. Determining the
species that either become extinct or can persist in disturbed areas
is crucial to developing conservation management strategies.

Herein, our main goal was to analyze bat communities
in two areas of the Afromontane forest biome of Cameroon
(undisturbed area and disturbed areas) to assess bat response
to habitat degradation. Our objective was to compare species
richness and abundance between these two habitat types. Studies
that compare bat communities in pristine forests and human-
disturbed forests in similar life zones can provide insight into
the original bat communities of an area and the effect that
deforestation and fragmentation have on bat communities. Such
studies are important to determine the extent of human influence
in the spatial and temporal variations of biodiversity in an
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ecosystem. This information can also throw more light on the
habitat preferences of some bat species and hence understand the
potential risk of local extinction and community homogenization
(Henle et al., 2004; Myers et al., 2015). Furthermore, comparing
bat communities across different habitats can enable researchers
to assess the health of an ecosystem given that bats are
suitable indicator species that show sensitivity to human induce
disturbances (Medellín et al., 2002; Jones et al., 2009; Meyer et al.,
2016). We expect species richness, relative abundance, and the
number of forest specialist species to be higher in undisturbed
areas than in disturbed areas.

MATERIALS AND METHODS

Study Sites
We carried out this study on Mount Cameroon, Mount
Manengouba, and Mount Bamboutos (Figure 1). These
mountains are part of the Afromontane forest biome
of Cameroon that encompasses other mountains of the
Cameroon Highlands.

Undisturbed habitats were located within the Mount
Cameroon National Park (4◦9′36.5′′ N, 9◦16′44.9′′ E). Mount
Cameroon National Park (MCNP) covers an area of 58.178 ha.
The climate is maritime and equatorial, characterized by two
seasons: a short dry season between December and February and
a longer rainy season between March and November (Payton,
1993). The annual temperature fluctuates between 4◦C at the
summit and 32◦C at the coast and decreases by 0.45◦C with
every 100 m rise in elevation (Payton, 1993). The annual rainfall
averages 7,000 mm, with most of the rain occurring in July and
October (Forboseh et al., 2011). Rainfall decreases with elevation
from approximately 4,000 mm at 1,000 m to less than 3,000 mm
above 2,000 m (Payton, 1993). The area is characterized by a
pristine forest of large and tall trees forming a continuous close
canopy except in areas where the vegetation is disturbed by forest
elephants. The flora composition in all 10 undisturbed habitat
sites is similar. The tree species frequently encountered include
African cherry (Prunus africana), brittle-wood (Nuxia congesta),
African nutmeg (Pycnanthus angolensis), African teak (Milicia
excelsa), umbrella tree (Musanga cecropioides), the monkey fruit
(Myrianthus arboreus), with associated spiny tree ferns (Cyathea
manniana and Cyathea camerooniana), and tall herbaceous
plants such as Aframomum spp. (Letouzey, 1985).

Disturbed habitat sites surveyed were located at the southeast
slope of Mount Manengouba at the littoral side of the mountain
and the foothill of Mount Bamboutos. The Manengouba
Mountain (5◦1′48′′ N, 9◦49′48′′ E) is an extinct volcano that
peaks at 2,411 m. The caldera harbors two volcanic lakes with
the largest being 600 m across. Mount Manengouba has an
equatorial climate, with an annual rainfall and temperature
means of 2,316 mm and 20.3◦C, respectively. The relative
humidity is 84% (Enang et al., 2019). The Montane forest
of Mount Manengouba is described as dry, stunted and
patchy, and disturbed from farming, tree-cutting, burning, and
grazing (Collar and Stuart, 1988). The peak and southern and
southeastern slopes are forested.

The survey sites at lower elevations (<1,200 m) are
characterized by human settlements and agricultural areas
composed of small farmlands on which crops such as corn (Zea
mays), beans (Phaseolus vulgaris), cocoyam (Colocasia esculenta),
yams (Dioscorea cayenensis), and plantains (Musa paradisiaca)
were cultivated. There were also backyard orchards near houses
with fruiting trees such as mango (Mangifera indica), avocado
(Persea americana), guava (Psidium guajava), plums (Dacryodes
edulis), and oil palm (Elaeis guineensis) plantations. At higher
elevation sites (>1,200 m) the forest was still intact with riparian
forest vegetation surrounding small rivers which remain largely
undisturbed. The herbaceous vegetation at these higher elevation
sites is reduced because of intense grazing by cattle and sheep of
Fulani communities living near the summit of the mountain.

Mount Bamboutos (5◦40′0.1′′ N, 10◦3′0′′ E) is the third
tallest mountain of the Cameroon Volcanic Line after Mount
Cameroon and Oku (Gountié Dedzo et al., 2011). A dry season
that extends from November to March and a wet one from April
to October characterize the climate of Mount Bamboutos. The
average annual rainfall is 1,918 mm and the average temperature
is 18.9◦C at an elevation of 2,700 m (Kengni et al., 2009).
Crop fields and eucalyptus plantations characterized the two sites
sampled on the Bamboutos Mountain.

Bat Sampling Protocol
Bat surveys employing standard mist-netting techniques were
conducted in the disturbed habitats of Manengouba and
Bamboutos mountains during non-consecutive nights between
13 June to 27 August 2019 in the rainy season and 28 October to
9 December 2019 in the dry season. Surveys in the undisturbed
habitats between 11 January 2019 and 24 March 2020 in
the dry season. Within each habitat type (undisturbed and
disturbed forest). Sampling sites were chosen based mainly on
the accessibility, and quality of sites for capturing bats with
high-quality sites such as across or along the banks of slow-
flowing streams, orchards, forest understory, and gaps between
trees chosen for placement of mist nets. The coordinates of each
sampling station were recorded using a GPS (Garmin eTrex 10).
In total sampling was conducted for 68 nights, comprising of 34
nights in each habitat type. Six mist nets of various lengths (four
12 m × 2.5 m and two 6 m × 2.5 m Ecotone, Poland), all with
four shelves, and a mesh diameter of 30 mm were deployed at
each site per sampling night. The nets were kept open from about
6:00 pm to midnight in each sampling night until bat activity
had reduced drastically. Mist-nets were closed earlier whenever
weather conditions worsened. Sampling was only conducted
during windless, rainless, and moonless nights to maximize the
chances of capturing many individuals (Morrison, 1978). When
capture was carried out on consecutive nights, the placement
and configuration of mist nets were changed in an attempt to
prevent the recapture of bats. We checked the nets every 15 min.
Manipulation of all bats captured followed the guidelines of the
American Society of Mammalogists (Sikes and The Animal Care
and Use Committee of the American Society of Mammalogists,
2016). Each bat captured was identified to species, sexed, weighed
using a calibrated digital scale (500 g × 0.1 g, Ohaus), and
morphometric measurements were taken using a dial caliper
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FIGURE 1 | Map showing undisturbed habitat sites (UF) and disturbed habitat sites (DF) sampled for bats in the Afromontane biome of western Cameroon from
June 2019 to March 2020.

(Ecotone-Poland 150/0.1 mm). Age was determined by the degree
of ossification of the carpal joints of the wing, conditions of the
pelage, and the development of nipples and testes (Baagøe, 1977;
Anthony, 1988). Each captured bat was then released near the
point of capture except for a male and female representative
of each species that were euthanized and kept as vouchers
deposited at the Laboratory of Zoology of the University of
Maroua. Field identification of bats was based on the keys
provided by Patterson and Webala (2012) and species accounts
provided by Monadjem et al. (2010) and Happold and Happold
(2013). Taxonomic nomenclature for pipistrelle-like bats follows
Monadjem et al. (2021). Species that could not be identified
in the field and rare species were euthanized and stored in
70% ethyl alcohol for later identification using craniodental
characteristics (Bates et al., 2005). Bat species were also grouped
into different foraging guilds according to Schnitzler and Kalko
(2001) and Denzinger and Schnitzler (2013).

Statistical Analyses
Expected species richness was computed for both the undisturbed
and disturbed forests using an individual-based non-parametric
species estimator because our main goal was to estimate the

total number of species of a particular habitat type rather
than species density (number of species per unit area). The
species richness estimator Jackknife 1 was employed to estimate
species richness because of its low-bias estimation and high
precision even at a small sample size (Colwell and Coddington,
1994). Jackknife 1 also considers the movement heterogeneity
of highly mobile animals such as bats (Brose and Martinez,
2004). All analyses were performed in EstimateS 9.1.0 software
(Colwell, 2013) involving 1,000 randomizations. We assessed the
completeness of the bat surveys in the two habitat types by
calculating the percentage of estimated species richness that was
effectively covered by our sampling. The percentage of inventory
completeness was calculated as Sobs/Sest multiplied by 100 where
Sobs is the number of species observed, and Sest is the number of
species estimated (Estrada-Villegas et al., 2010).

Sampling effort (net hours) was obtained by multiplying the
area of a mist net by the number of nets each night and the total
number of hours (Straube and Bianconi, 2002). We calculated the
capture success by dividing the number of bats captured at each
sampling site by the sampling effort. Species accumulation curves
were used to estimate species richness based on the accumulated
number of species observed, compare species richness among
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habitats, and measure sampling completeness (Magurran, 2004).
Effects of human disturbance were measured as differences in
species richness, species composition, and abundance between
undisturbed and disturbed habitats.

Bat diversity in both habitat types was described based on
two ecological indices of Simpson’s index (Simpson, 1949) and
the Evenness or Equitability index (Pielou, 1969). We computed
the Simpson’s index (D), which gives the probability of any two
individuals randomly drawn from a community belonging to
different species. The Simpson’s index provides a good estimate
of diversity even for small sample sizes (Magurran, 2004). It was
computed using the formula (D) = 1−[6n (n−1)/N (N−1)],
where n = the total number of bats of a particular species,
N = the total number of bats of all species. The value of D
ranges between 0 and 1, where 0 represents complete uniformity
1 represents complete diversity (Simpson, 1949). We derived
the Evenness index (J’), which indicates how abundances are
distributed among species in the community, from the Shannon
index of diversity (H’). Evenness or Equitability index was
computed using the formula (J’) = H’/In S, where In S = natural
logarithm of the number of species or species richness. The
Evenness index ranges from 0 (one dominant species) to 1 (all
species equally abundant in the community). When the evenness
index is high, it indicates that species are equally abundant while
lower evenness index values indicate that species are not equally
abundant (Magurran, 1988).

We performed the independent samples t-tests to investigate
if there was a variation in observed bat species richness, relative
abundance, bat diversity (for the Simpson index), and evenness
between the undisturbed and disturbed forest habitats. The
data were tested for normality using Kolmogorov–Smirnov’s
test, and for homogeneity of variance using Levene’s test before
performing the t-test. We performed the Mann–Whitney U test
when the condition of normality and homogeneity of variance
was not met. Box plots were used to show the relationship
between species richness, abundance, evenness, and diversity
between undisturbed and disturbed forest habitats.

We used non-metric multidimensional scaling (NMDS) as a
non-linear ordination technique based on Bray–Curtis similarity
to ordinate all 23 sampled sites to assess and visualize intersite
similarity in species composition. The NMDS uses rank orders to
evaluate dissimilarities between different communities instead of
absolute distances, with “stress” being a measure of the distortion
(final lack of agreement) (McCune and Grace, 2002). Data were
square-root transformed before analysis to down-weight most
abundant species relative to rare ones (i.e., the transformation
reduces the magnitude of the larger number relative to the smaller
ones without changing the relationship). One-way analysis of
similarity (ANOSIM) with a Jaccard distance matrix was used
to assess differences in bat species composition between forest
habitat types (Clarke, 1993). The R-value was used to determine
the similarity between the two forest habitat types. The values
range from 0 to 1, with values closer to 1 indicating higher
dissimilarity between a pair of sampling sites being compared,
and values closer to 0 indicating greater similarity (Clarke, 1993).
Finally, we carried out a similarity percentage analysis (SIMPER)
to determine the contribution of each species to the overall

similarity of bat communities between undisturbed and disturbed
habitat-type. All multivariate analyses were conducted using
PAST software (Hammer et al., 2001). Mantel test was employed
to test the prediction that greater homogeneity of undisturbed
sites was based on spatial proximity rather than the lack of
disturbance. Mantel test analysis was performed using the vegan
package in R software version 4.1.1 (Oksanen et al., 2018).

RESULTS

Effects of Anthropic Disturbances on Bat
Communities
A total of 477 bats representing 21 species, 15 genera, and five
families were recorded in both forest habitat types surveyed
(Table 1). The overall species richness we recorded was greater
in the disturbed habitats (16 species) than in the undisturbed
habitats (13 species; Figure 2). However, the difference was not
statistically significant [t-test; t(21) = −1.052, P = 0.305]. The
estimated Jackknife 1 species richness amounted to 27.69 for the
entire area sampled (Figure 3). Therefore, our surveys sampled
75.84% of all richness estimated for the study area. The estimated
species richness for the disturbed habitats was 21.53 and that for
the undisturbed habitat was 19.30 species (Figure 3). In addition,
more individuals were recorded in the undisturbed habitats
51.15% (n = 244), than in the disturbed habitats 48.85% (n = 233).
The difference in population size between the two forest types
sampled was not statistically significant [t-test; t(21) = 0.595,
P = 0.356].

Among species recorded, five (23.81%) were recorded
exclusively in the undisturbed habitat. These species were
Scotonycteris zenkeri, Doryrhina cyclops, Hipposideros cf. ruber,
Glauconycteris egeria, and Glauconycteris sp. On the other hand,
seven species (33.33%) captured in the disturbed habitat were
absent in the undisturbed habitat. These species were Eidolon
helvum, Epomops franqueti, Micropteropus pusillus, Rhinolophus
fumigatus, Hipposideros cf. caffer, Glauconycteris argentata, and
Laephotis inexpectatus. Eight species (38.09%) were common to
both habitat types. These species were Megaloglossus woermanni,
Myonycteris angolensis, Rousettus aegyptiacus, Rhinolophus
landeri, Macronycteris gigas, Miniopterus sp., Afronycteris nana,
and Pipistrellus nanulus. Myonycteris angolensis, Rhinolophus
landeri, and Afronycteris nana were the only species captured in
equal proportion in both forest types.

Five families were recorded during our surveys. Pteropodidae
was the most abundant, with 78.69% of all captures, followed
by Hipposideridae with 7.76%, Vespertilionidae with 6.29%,
and Miniopteridae with 6.08%. When taking into account the
whole area sampled, the most abundant species were Rousettus
aegyptiacus 27.85%, followed by Myonycteris angolensis, 23.21%.
The most abundant species in the undisturbed forest was
Rousettus aegyptiacus 25.3%, followed by Myonycteris angolensis
with 11.5%, while in the disturbed forest habitats Micropteropus
pusillus was the most abundant with 10.9%, followed by
Myonycteris angolensis 10.7% (Figure 4). Few individuals of
Rousettus aegyptiacus were recorded in the disturbed forest than
in the undisturbed forest (Table 1).
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TABLE 1 | Number of individuals, species richness, functional guild, sampling effort, capture success and relative abundances in parentheses of bats captured in
undisturbed and disturbed habitat sites of the Afromontane forest biome of western Cameroon from June 2019 to March 2020.

Taxon Undisturbed habitat Disturbed habitat Functional guild Total

Family Pteropodidae

Eidolon helvum (Kerr, 1792) – 22 (4.6) frugivore 22 (4.6)

Epomops franqueti (Tomes, 1860) – 19 (4.0) frugivore 19 (4.0)

Megaloglossus woermanni (Pagenstecher, 1885) 12 (2.5) 1 (0.2) nectarivore 13 (2.7)

Micropteropus pusillus (Peters, 1868) – 52 (10.9) frugivore 52 (10.9)

Myonycteris angolensis (Bocage, 1898) 55 (11.6) 51 (10.7) frugivore 106 (22.3)

Myonycteris torquata (Dobson, 1878) – 25 (5.3) frugivore 25 (5.3)

Rousettus aegyptiacus (E. Geoffroy, 1810) 120 (25.2) 12 (2.5) frugivore 132 (27.7)

Scotonycteris zenkeri (Matschie, 1894) 4 (0.8) – frugivore 4 (0.8)

Family Rhinolophidae

Rhinolophus fumigatus (Ruppell, 1842) – 4 (0.8) closed space 4 (0.8)

Rhinolophus landeri (Martin, 1838) 2 (0.4) 2 (0.4) closed space 4 (0.8)

Family Hipposideridae

Doryrhina cyclops (Temminck, 1853) 1 (0.2) – closed space 1 (0.2)

Hipposideros cf. caffer (Sundevall, 1846) – 1 (0.2) closed space 1 (0.2)

Hipposideros cf. ruber (Noack, 1893) 32 (6.7) – closed space 32 (6.7)

Macronycteris gigas (Wagner, 1845) 1 (0.2) 2 (0.4) closed space 3 (0.6)

Family Miniopteridae

Miniopterus sp. 4 (0.8) 25 (5.3) edge space 29 (6.1)

Family Vespertilionidae

Afronycteris nana (Peters, 1852) 1 (0.2) 1 (0.2) edge space 2 (0.4)

Glauconycteris argentata (Dobson, 1875) – 13 (2.7) edge space 13 (2.7)

Glauconycteris egeria (Thomas, 1913) 1 (0.2) – closed space 1 (0.2)

Glauconycteris sp. 1 (0.2) – closed space 1 (0.2)

Laephotis inexpectatus (Aellen, 1959) – 1 (0.2) edge space 1 (0.2)

Pipistrellus nanulus (Thomas, 1904) 10 (2.1) 2 (0.4) edge space 12 (2.5)

Total 244 (51.2) 233 (48.8) 477 (100)

Species richness 13 16

Sampling effort (m2/h) 29520 28543

Capture success (Individuals/m2h) 0.007 0.006

Shannon index (H’) 1.52 2.1

Simpson’s index (D) 0.67 0.85

Equitability index (J) 0.59 0.77

There was a higher diversity D (Simpson’s index) of bats in
disturbed forest (D = 0.85) than undisturbed forest [D = 0.67;
t(21) = 3.460, P = 0.002], but no statistically significant difference
in equitability for the bats captured in the disturbed habitat
(J’ = 0.77) and undisturbed forests (J’ = 0.59; Mann–Whitney U
test; U = 38, P = 0.181).

The NMDS ordination analysis showed that most of the
undisturbed forest sites are more closely grouped therefore are
more similar in terms of bat composition compared to disturbed
forest sites (Figure 5). Analysis of Similarity (ANOSIM) indicated
that there was a statistically significant difference in the overall
bat community of the two forest types (R = 0.321, P = 0.0001).
The stress value (0.23) indicated that this ordination is a
good representation of the bat community structure. Similarity
Percentages Analysis (SIMPER) identified four species that
contributed the most to the difference in the composition of
bat species between undisturbed forest habitats and disturbed
forest habitats: Rousettus aegyptiacus, Myonycteris angolensis,

Hipposideros cf. ruber, and Micropteropus pusillus (Figure 6).
Using the Bray–Curtis index, the dissimilarity of bat communities
in undisturbed forest sites significantly increased with geographic
distance (Mantel r = 0.99, p = 0.001) suggesting that sites with
closer spatial proximity have more similar bat compositions.

Composition of Bat Guilds in
Undisturbed and Disturbed Forest
Habitats
We recorded three different functional guilds during our surveys,
namely frugivorous bats, closed-space forager insectivorous bats,
and edge-space forager insectivorous bats (Figure 7).

In terms of the number of species, closed-space forager
insectivorous bats were the largest guild in the undisturbed
habitat with six species, while frugivorous bats were the largest
guild in the disturbed habitat with seven species (Figure 7A).
A comparison between both habitat types showed that there was
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FIGURE 2 | Box plots comparing variation in abundance (A), species richness (B), Simpson diversity (C), and habitat evenness (D) of bats in undisturbed and
disturbed habitat sites of the Afromontane biome of western Cameroon. The small circles (◦) and asterisks (*) represents outliers and extreme outliers respectively.

a statistically significant difference in the number of species of
frugivorous bats [t-test; t(21) = −2.785, P = 0.011; Figure 7A].
However, the relative abundance of frugivorous bat species
among forest types did not differ significantly [t(14) = −4.92,
P = 0.628; Figure 7B]. Additionally, there was no evidence
of a significant difference in the number of forest specialist
insectivorous bats between disturbed and undisturbed forests
(Mann–Whitney U test; U = 44.5, P = 0.208). Similarly, there
was no significant difference in the relative abundance of
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FIGURE 3 | Estimated species richness (Jackknife 1) of bats for the two
habitat types investigated in the Afromontane biome of western Cameroon.

closed-space insectivorous bats between the two forest types
(Mann–Whitney U test; U = 49.5, P = 0.343). Edge-space
insectivorous bats were not considered because of few captures
to enable accurate comparison.

DISCUSSION

In this study, we surveyed bats in pristine and disturbed
vegetations of the Afromontane biome of western Cameroon.
Our study revealed that the disturbed forest supported larger
populations and more species than the undisturbed forest
sites, although the species richness did not differ significantly
between the two forest types. There was a significant change
in bat composition from mostly widespread generalists in the
disturbed forest, to forest species in the undisturbed forest.
This difference in species richness and abundance could likely
be explained by greater habitat heterogeneity of the disturbed
forests (Estrada and Coates-Estrada, 2002; Ramos Pereira et al.,
2009). Indeed, the disturbed forests were more heterogeneous
comprising of areas with secondary forest patches, gallery forests,
coffee plantations, palm plantations, orchards, and cultivated
farmlands. On the other hand, the undisturbed forest was
characterized by primary growth with large trees, continuous
canopy, dense understory, and a patchier understory cover at
the ecotone montane forest/montane grassland. Both forest types
were located in a volcanic landscape with numerous extinct
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FIGURE 4 | Relative abundance of 21 bat species captured in undisturbed and disturbed habitat sites of the Afromontane forest biome of western Cameroon. Bars
indicate standard error.

FIGURE 5 | NMDS ordination, showing the difference between undisturbed and disturbed habitat sites of the Afromontane biome of western, Cameroon based on
the composition and abundance of bat species using the Bray-Curtis index as a measure of similarity (Stress = 0.23).

volcanic vents that probably provided day roosts for obligate cave
roosters (Glover and Altringham, 2008).

Habitat structural heterogeneity is associated with an increase
in bat species activity and species occurrence (Jung et al.,
2012). The heterogeneous landscape offered more resource
opportunities for open-adapted species in these modified
habitats, due to their ability to access extra resources such
as artificial shelters and food resources (Loeb et al., 2009;
Coleman and Barclay, 2012). Indeed, bats are specially adapted
to access a wide diversity of habitats, occupying many ecosystems
(Schnitzler and Kalko, 2001). An alternative explanation is the
presence of more open water bodies in the disturbed areas which
provided drinking and foraging sites for bats (Grindal et al.,
1999; Campbell, 2009), leading to increased bat activity and

their subsequent capture in mist-nets. The species accumulation
curves did not show a tendency toward plateauing, suggesting
that our surveys did not capture all species present in the study
area. However, 75.84% of the estimated species richness was
sampled, indicating that more species will be recorded with a
greater sampling effort.

Our findings concur with other studies that demonstrated
the positive effects of human disturbances on species richness
and abundance of species adapted to forage in open areas,
but that fragmentation negatively affects bat species that
depend on pristine habitats (Klingbeil and Willig, 2009;
Estrada-Villegas et al., 2010). Greater species richness and
abundance in the disturbed forest can also be attributed to
the greater amount of forest edge in the disturbed habitats.
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FIGURE 6 | Species that contributes the most (>1%) to the community
dissimilarity of bat species between undisturbed and disturbed habitat sites of
the Afromontane biome of western Cameroon.

According to Fried et al. (2005), edge habitats contain more
flying insects, hence attracting more foraging insectivorous bats,
and subsequently allowing some to be captured in mist-nets.
Hence a possible consequence of the continuous deforestation
and fragmentation will be the replacement of forest-interior
species by more adaptable and opportunistic forest edge
frugivorous bats such as Eidolon helvum, Micropteropus pusillus,
Myonycteris angolensis, and edge tolerant insectivorous bats such
as Glauconycteris argentata (Webala et al., 2019). Understory
frugivorous bats such as Scotonycteris zenkeri and Megaloglossus
woermanni are also sensitive to fragmentation, and thus will be

negatively impacted by deforestation than larger canopy foragers
(Cosson et al., 1999). On the other hand, our findings contrast,
some studies in the Neotropics by Gorresen and Willig (2004)
in Paraguay, which concluded that bat community diversity was
highest in relatively undisturbed forests, and findings by Estrada
and Coastes-Estrada (2001) which concluded that bats within the
continuous forest and forest fragments in Mexico had similar
species richness.

Guild structure differs between the two forest habitat
types, probably indicating the uneven distribution of resources.
According to Hodgkison et al. (2004), the abundance of bats
is influenced by the temporal and spatial variation of food
resources, which then influence the number of species within
a particular habitat (Duchamp et al., 2007; Pinto and Keitt,
2008). While the number of frugivorous bats did not differ
significantly between the habitat types, there was a higher
proportion of frugivorous bat species in the disturbed habitat
than in the undisturbed habitat. This can probably be explained
by the presence of many forest tree species such as Ficus
spp., Prunus africana, Annona senegalensis, Borassus aethiopum,
Hymenocardia acida, Nauclea diderrichii, Musanga cecropioides,
and Caloncoba welwitschii, among species of fruiting trees
planted by humans such as Persea americana, Carica papaya,
Anonidium mannii, and Dacryodes edulis. The presence of
more closed-spaced forager insectivorous bat species in the
undisturbed habitat can probably be attributed to the nature
of their echolocation calls. These species use low-intensity,
high-frequency echolocation calls, characterized by low wing
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loadings, appropriate for foraging and commuting in cluttered
habitats close to vegetation (Law et al., 2011). Therefore, the
increase in anthropogenic disturbances can significantly reduce
the resource availability for these species (Threlfall et al., 2012).
This is consistent with findings by Webala et al. (2019) who
captured more closed-space insectivorous bat species in the
less-disturbed forest interior with little human disturbance in
a Kenyan forest. In addition, the capture of more edge-space
insectivorous bat species in the disturbed forest can be attributed
to their flexible commuting traits, which enabled them to adapt to
cleared environments, including agricultural areas and residential
spaces. Thus, these open-adapted species are relatively insensitive
to human modification, and in many cases, can exploit man-
made structures (Kirsten and Klomp, 1998; Threlfall et al., 2012).
Indeed, the fact that some close-space forager insectivorous
bat species persist in human-dominated environments is an
indication of the versatility and adaptability of some bat species.

In our surveys family, Pteropodidae represented the largest
number of captures. This pattern can be attributed both to the
high abundance of pteropodid bats in the surveyed area and
the use of ground-level mist-netting method, which tends to be
more effective at capturing low-foraging frugivorous bats (Meyer
et al., 2011). Moreover, it is well documented that fast-flying
insectivorous bat species that forage higher at the middle-story
and canopy levels, above the height of mist-nets, and adept
at detecting and avoiding mist-net due to their very efficient
echolocation calls are undersampled in ground-level mist-net
surveys, resulting in underestimates of the actual species richness
and abundance (Kalko and Handley, 2001; Kalko et al., 2008).
This probably explains the absence of molossids, emballonurids,
nycterids, and the capture of only a few vespertilionids during our
surveys. It is, therefore, imperative to employ different sampling
methods such as sub-canopy and canopy nets, acoustic detectors,
and harp traps to complement ground-level mist nets for the
detection of species that are considered rare or difficult to capture
(Kunz and Parsons, 2009; Estrada-Villegas et al., 2010; Fahr and
Kalko, 2010) and to obtain more complete inventories of bats
(Bergallo et al., 2003; MacSwiney et al., 2008; Furey et al., 2009;
Meyer et al., 2011; Silva and Bernard, 2017).

While the majority of bat species were captured in only
one habitat type, some species were captured in both the
pristine and disturbed habitats, e.g., Megaloglossus woermanni,
Myonycteris angolensis, Rousettus aegyptiacus, Rhinolophus
landeri, Macronycteris gigas, Miniopterus sp., Afronycteris nana,
and Pipistrellus nanulus. The fact that these species were captured
in both habitat types suggested that they are probably generalist
species that can tolerate and forage in modified habitats. These
species can therefore access additional resources outside of
remnant forest patches, such as artificial shelters and food
resources (Gehrt and Chelsvig, 2003; Duchamp and Swihart,
2008; Loeb et al., 2009; Coleman and Barclay, 2012).

Megaloglossus woermanni was mostly recorded in the
undisturbed (primary) forest during our surveys. However, a
single individual was recorded over a stream at a high elevation
site on Mt. Manengouba. This nectarivorous bat is common
in closed forests but may enter cultivated areas adjacent to
the forest to feed on flowers. It is common in areas where

flowers persist throughout the year. This species has also been
recorded in disturbed areas in the Center Region of Cameroon
(Waghiiwimbom et al., 2019), as well as in relatively undisturbed
forest in the Mpem and Djim National Park by Atagana et al.
(2018) and in the Dja biosphere reserve by Bakwo Fils (2009).
The fact that this species has been recorded in both habitat types
is an indication that it might benefit when natural areas are
converted to agricultural landscapes. For example, Weber et al.
(2009) captured this species, while it fed on flowers of cultivated
bananas around a forested area in Benin.

Rousettus aegyptiacus and Myonycteris angolensis are large
cavernicolous frugivorous bat species that were recorded in both
pristine and disturbed habitats. The distribution of these species
is largely dependent on the availability of suitable caves as day
roost (Weber and Fahr, 2006; Monadjem et al., 2010). These
species are known to have a broad habitat tolerance and probably
have generalist-feeding habits. The capture of these species at
disturbed habitats suggests that they are relatively tolerant to
habitat fragmentation and may take advantage of the seasonal
fluctuation in fruit production by fruiting trees such fig (Ficus
sp.), apricot (Prunus sp.), peach (Prunus sp.), mango (Mangifera
indica) mostly present in disturbed areas. These species have also
been recorded in disturbed areas in Cameroon (Mongombe et al.,
2019; Waghiiwimbom et al., 2019; Manfothang et al., 2020, 2021),
and undisturbed areas (Bakwo Fils, 2009; Atagana et al., 2018).

The presence of Macronycteris gigas in undisturbed forest
patches is not that surprising given that this species forages
around the edges of clutter, where it often intercepts large
flying insects from a foraging perch (Vaughan, 1977). Monadjem
et al. (2016) also recorded this species in forested and disturbed
habitats in the Guinean Mount Nimba. The presence of
Rhinolophus landeri, Afronycteris nana, and Pipistrellus nanulus
in both habitat types was not that surprising because these
species are associated with primary and secondary forest habitats
(Monadjem et al., 2010).

Conservation and Management
Implications
Our surveys suggest that forest loss has strong ramifications
on bat species richness and functional richness. In addition,
different guilds respond differently to different habitat attributes.
These results reveal that disturbed habitats with forest patches
are important for the conservation of bat species. Especially
those that are adaptable and less sensitive to habitat disturbance,
preferring fragmented landscape for commuting and foraging.
Therefore, the presence of these habitats around primary forests
may support the ecological need of some species as they may
provide attractive foraging grounds and roosting sites for edge
and open species.

Though disturbed vegetation supports a higher diversity of
bats, the conversion of pristine forests to human-dominated
landscapes may be detrimental to forest specialists, which are
sensitive to human disturbances. Therefore, understanding the
habitat needs of species and how human-caused disturbance
affects the pattern of species diversity and abundance is essential
in determining the degree of sensitivity to fragmentation
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and local extinction risk, which in turn could be essential
for developing effective species-specific conservation strategies.
Furthermore, the observed differences in the bat communities
between the two habitat types underscore the significance of
maintaining primary forest as a means of avoiding the functional
homogenization of the biome by preventing the local extinction
of forest species (Cazalis et al., 2020). Finally, the occurrence of
at least 10% of bats recorded in Cameroon in the biome indicates
the forest remnant needs to be preserved by the local community
as a means of safeguarding the local bat diversity.
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