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ABSTRACT
Although the coastal forests in Kenya are highly threatened by human activities, limited 
bat research has been undertaken in them or the human-modified habitats around them. 
We investigated insectivorous bat activity in Arabuko-Sokoke Forest (ASF) and adjacent 
farmlands, in order to understand how each habitat was used by bats. Bat activity was 
sampled with Pettersson D240X ultrasound detectors at 69 stations in different vegetation 
types in ASF (Cynometra forest, Brachystegia woodland and mixed forest) and farmlands 
(mango, coconut and mixed plots). The detector was always tuned to 33 kHz, and bat passes 
were counted along 10-minute 400 m transects at the start of each sampling hour in each 
station. In each activity survey station, insectivorous bats were also captured in mist-nets in 
order to determine which of the detector targeted bats could be captured. A total of 14,727 
bat passes were counted in both habitats, which included 10,552 in the farmlands and 4,175 
in ASF. The largest numbers of insectivorous bats were captured in farmlands. The mean 
number of bat passes per night in farmlands (152.9 ± 13.2) was significantly higher than in 
ASF (60.5 ± 4.6) (df = 68, t = -8.671, P <0.05, N = 69).  There was no significant difference in 
the sampled medians of bat passes in the three main vegetation types both in the interior of 
the forest and in farmlands. Bat activity was highest during the rainy season. Bat activity in 
both habitats peaked at 1900hr (i.e. just after sunset), sharply declined to the lowest level at 
midnight, and then maintained a gradual increase from two to five in the morning. Although 
the farmlands in the study area had completely lost the indigenous vegetation found in ASF, 
some bat species, probably those more adapted to humanized environments, were found to 
use these habitats for foraging. This emphasizes the need for more bat research in human-
modified ecosystems in Africa in order to understand these patterns and establish proper 
conservation guidelines. 
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INTRODUCTION
Although deforestation is one of the biggest threats to 

global biodiversity (Brooks et al. 2002, Gaston et al. 2003), it 
will continue in the future together with massive expansion 
of human-modified ecosystems and will consequently cause 
extinctions of many tropical forest species (Bradshaw et 
al. 2009). About 40% of the earth terrestrial ecosystem is 
covered by agricultural areas (FAOSTAT 2011). Agricultural 
areas support much of the world’s biodiversity (Dixon 2012, 
Tilman 1999, Foley et al. 2005, Tscharntke et al. 2005) 
and have been the focus of many studies in recent years 
(Wickramasinghe et al. 2003, Johnson et al. 2008, Miller et 
al. 2009). The order Chiroptera is one of the most diverse 
and second largest groups of mammals (Kunz & Pierson 
1994) and provides important ecosystems services including 
pollination (Kelm et al. 2008), seed dispersal (Medellin & 
Goana 1999) and control of agricultural insect pests (Boyles 
et al. 2011). Bats are highly mobile species (McCracken et al. 
2012), and capable of exploring large areas during foraging 

in a single night (Treitler et al. 2016). However, the massive 
expansion of agricultural ecosystems and deforestation will 
eventually threaten the survival of forest bat assemblages 
(Jones et al. 2009, Kunz et al. 2011, Williams-Guillén et al. 
2016). Agricultural intensification affects bats survival due 
to the extensive vegetation cover clearance, chemical pests 
control and the application of fertilizers to maximize crop 
production (Williams-Guillén et al. 2016). Because human 
population is on the increase worldwide, the pressure to 
open more areas for agricultural production and augment 
food productivity per ha will also increase, and consequently 
will result in the loss of more foraging and roosting habitats 
for many bat species. Most natural areas globally exist as 
‘islands’ in the midst of human-modified habitats. Thus, 
understanding bat species found in these remaining natural 
areas with agro-ecosystems around them, as well as how 
both habitats are used by bats will enhance the conservation 
of the most sensitive bat species.

About 70% of all bats species are insectivorous 
(Simmons 2005). The presence of insectivorous bats can be 
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documented directly with mist-nets captures (Kunz & Brock 
1975, Castro-Luna et al. 2007, Castro-Arellano et al. 2009, 
2010) and indirectly with ultrasonic detectors (Hayes et al. 
2009, Russo & Jones 2003, Fuentes-Montemayor et al. 2013). 
Echolocation calls provide an opportunity to unobtrusively 
survey, identify and monitor bat species (Catto 1994, de 
Oliveira 1998). Acoustic monitoring provides information on 
the level of habitat use by bats (Frick 2013), as well as can be 
used as a surrogate for bats relative abundance (Kalko et al. 
2008, Razgour et al. 2011, Berthinussen & Altringham 2012). 
Many studies have used acoustic methods to document bat 
activity patterns, changes in habitat use and activity of bats 
across different habitats (Hayes 1997, Broders 2003, Gehrt 
& Chelsvig 2003, Gehrt & Chelsvig 2004, Estrada et al. 2004, 
Gorresen et al. 2008, Hayes et al. 2009, Parsons & Szewczak 
2009, Russo & Jones 2003, Fuentes-Montemayor et al. 2013, 
Monadjem et al. 2017). Bat activity is influenced by many 
factors including roost availability, weather conditions, 
habitat structure or bats energy requirements (Erkert 1982, 
Aldridge & Rautenbach 1987, Norberg & Rayner 1987, 
Lawton et al. 1998, Chung et al. 2000, Rainho et al. 2010), as 
well as insect prey abundance and availability (Erkert 1982, 
Geggie & Fenton 1985, Avila-Flores & Fenton 2005). Hence, 
information on general bat activity could be used to identify 
priority areas for bat conservation (Walsh & Harri 1996, 
Estrada et al. 2004).

Kenya has a rich bat fauna, with more than 108 bats 
recorded (Patterson & Webala 2012). The echolocation 
calls of more than 90 insectivorous bat species in different 
habitats types in Kenya have not been documented and 
published. These include bats in 10 families including 
Rhinolophidae (Horse-shoe bats, 7 spp.), Hipposideridae 
(Old World Leaf-nosed bats, 7 spp.), Rhinonycteridae (Trident 
bats, 2 spp.), Megadermatidae (False vampire bats, 2 spp.), 
Rhinopomatidae Mouse-tailed bats, 1 sp.), Emballonuridae 
(Sheath-tailed bats, 5 spp.), Nycteridae (Slit-faced bats, 7 
spp.), Molossidae  (Free-tailed bats, 19 spp.), Miniopteridae 
(Long-fingered bats, 6 spp.) and Vespertilionidae (Vesper 
bats, 36 spp.). While several ecological studies have been 
undertaken on bats in Kenya (McWilliam 1987, Webala 
et al. 2004, 2006, 2009, 2014, Wechuli et al. 2016, López-
Baucells et al. 2016), the absence of specific country bat call 
libraries in Africa which document calls of local bat species 
limits accurate identification of calls from acoustic detectors 
(Monadjem et al. 2017). Although none of the previous bat 
studies in Kenya were on bat activity, two (Webala et al. 
2004, Wechuli et al. 2016) which concomitantly investigated 
bat diversity in protected areas and agricultural landscapes, 
showed that the farmlands had low species richness as 
compared to the protected areas.

Here we investigated insectivorous bat activity in the 
interior of ASF and in farmlands around the forest in order 
to understand how each habitat was used by bats. Because 
of the marked differences in habitat structure between 
the farmlands and interior of ASF, we expected variation 
in insectivorous bat activity in both stations. This was 
reinforced by data from our preliminary surveys in March 
2014, in which we found that the number of bat passes 
counted in each sampling station, as well as individual 
captures of insectivorous bats in the farmlands was larger 
than in each station sampled in the forest interior. Hence, 

we predicted that the two habitats would be used differently 
by insectivorous bats of different species. 

MATERIALS AND METHODS 
Study area

This study was undertaken in the interior of ASF and 
adjacent farmlands. The forest (Fig. 1) occurs in Gede town, 
Malindi-Kenya, 100 km north of Mombasa city, at latitude of 
3° 20’ S and longitude 39° 50’ E (Bennun & Njoroge 1999). 
The timing of seasons for the region roughly follow: January-
March (long dry season), April-June (long rain season), July-
September (short dry season), and October-December 
(short rain season) (McWilliam 1987). Generally, sun rises 
at 06.30 am and sets at 18.30 pm throughout Kenya. The 
forest has three discrete vegetation types namely: (i) 
Mixed forest (MF), 7000 ha characterized by a diversity of 
relatively dense, tall and of undifferentiated trees species; 
(ii) Brachystegia woodland (BW) c. 7636 ha dominated by 
Brachystegia spiciformis; and (iii) Cynometra forest (CF), c. 
23,500 ha mainly dominated by Cynometra webberi tree 
(Kelsey & Langton 1983). The ASF is a legally protected area, 
managed by Kenya Forest Service in a joint collaboration 
with Kenya Forest Research Institute, National Museums of 
Kenya and Kenya Wildlife Service. A number of narrow roads 
(maximum 4 m wide) are used to access different vegetation 
types in the forest. The canopy of BW (Fig. 2a) and MF (Fig. 
2b) along most of the roads where sampling was undertaken 
was closed, while that of CF (Fig. 2c) was always open. The 
understory vegetation density of CF and MF was very high 
and bats could probably only fly in these vegetation types 

Fig. 1 - Location of the 69 sampling sites in Gede (Kenya). Red dots 
correspond to the sites sampled within different vegetation types 
in the Arabuko-Sokoke Forest (ASF) while green pyramids represent 
the sites located in farmlands. 
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either above the canopy or below the canopy by use of 
existing roads or forest gaps. On the other hand the canopy 
and understory vegetation density of the BW was fairly 
open with many gaps which could be exploited by foraging 
or flying bats. There was no artificial electric light in the 
forest interior. To avoid potential biases arising from artificial 
light at night (Stone et al. 2012); bat activity surveys were 
conducted at least 200 m away from towns and 110 m from 
tarmac roads. 

The human-modified habitats surveyed, here collectively 
referred as ‘farmlands,’ occur on the eastern part of ASF in 
Mtsangoni, Mkangani, Mida, Gede, Watamu, Msabaha and 
Mkaumoto villages (Fig. 1). The main trees found in the farms 
were mango (Mangifera indica), cashew nut (Anacardium 
occidentale), neem (Azadirachta indica) and coconut (Coco 
nucifera (Musila et al. 2018). We selected sampling plots 
in the farms by visually estimating the percentage of trees 
in each plot. The mango plots (MAN, Fig. 3a) had > 70% 
dominance by mango trees; coconut plots (COC, Fig. 3b) > 

70% coconut trees; while the mixed plots (MIX, Fig. 3c) had > 
50%, 20%, and 10% of coconut trees, cashew nuts, and mango 
tree, respectively. Most of the trees in the farms were more 
than 10 m in height and remained evergreen throughout 
the year. The understory habitat of the farmlands was very 
open and could allow people or animals to wander about 
without obstruction. Farm plot size ranges from 4 to 12 ha. 
Some of the plots were left fallow but growing with the 
above mentioned trees or some plots were cultivated with 
maize, cowpeas and cassava. The farmlands had a number 
of unprotected coral limestone caves (Musila et al. 2018) 
and other man-made roosts (abandoned houses and others 
in active use by people) with a number of insectivorous and 
fruit bat species. 

Bat activity surveys

Bat activity surveys were undertaken in six vegetation 
types; three within ASF (Cynometra, Brachystegia and 
mixed) and three in farmlands (mango, coconut, and mixed). 

Fig. 2 - Bat activity and mist-netting stations along roads through 
different vegetation types in ASF. The understory of CF and MF 
was much closed, while the canopy of CF was open throughout 
and that of BW and MF closed in most of the sampling stations. A) 
Brachystegia woodland (BW) in ASF; B) Cynometra forest (CF) in 
ASF; C) Mixed forest (MF) in ASF.

Fig. 3 - Bat activity and mist-netting stations in open areas in 
different vegetation types in farmlands. The understory and 
canopy of mango, coconut and mixed plots were open in most 
of the sampling stations. A) Mango (MAN) plots in farmlands; B) 
Cocony (COC) plots in farmlands; C) Mixed Plots (MIX) in farmlands.
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The sampling stations in each vegetation type was at least 
1.5 km from each other in each season. We used the number 
of bat passes as a sampling unit for general bat activity in all 
surveys (Fenton 1970, Miller 2001, Frick 2013). A bat pass is a 
single sequence of two or more recorded echolocation calls 
as defined by Thomas (1988). We used Pettersson D240X 
ultrasound detectors (Pettersson Elektronik ABTM, Uppsala, 
Sweden (http://www.batsound.com/) in heterodyne mode 
(Estrada et al. 2004, Barros et al. 2014) to survey bat activity. 
The detector was always tuned to 33 kHz, and bat passes 
were counted along 10-minute transects at the start of each 
hour. The length of the transects surveyed in each station 
was 400m. Since the Pettersson D240X has bandwidth of 8 
kHz, it can detect bat species whose echolocation is within 
the range of 25-41 kHz. Bat passes were recorded by an 
observer walking on foot with the detector held in the hand 
(Estrada et al. 2004, Monadjem et al. 2010a). The number 
of passes was counted using a tally counter in each station. 
No survey was done during nights of heavy rainfall. About 
40% of insectivorous bat species in Kenya have echolocation 
calls within the range we set the detector (Monadjem et 
al. 2010b, Happold & Happold 2013). However, due to the 
unavailability of documented call libraries describing calls 
for local insectivorous bat species in Kenya we decided to 
use the Pettersson D240X ultrasound detector in heterodyne 
mode.

In addition to activity surveys, bats were also sampled 
in each of 69 stations inside ASF and farmlands using five 
ground-level mist-nets (12 × 2.5 m, 16 mm mesh, four 
shelves, Ecotone, Poland) (Castro-Luna et al. 2007, Castro-
Arellano et al. 2009, 2010). The aim of mist-netting was to 
confirm the presence of detector targeted bat species both 
in the forest interior and farmlands, and their likelihood of 
being captured in mist-nets. In ASF nets were erected across 
existing roads which acts as potential bat flyways in the 
forest interior, while in the farmlands  they were deployed in 
gaps between two trees or row of trees, or in the open areas 
under tall coconut trees. Bat activity and mist-netting stations 
in the farmlands and inside ASF were sampled alternatively, 
one night in the forest and the next in the farmlands. A total 
of 69 stations were sampled with mist-nets both in the ASF 
and farmlands, in six different sampling trips in between 
November 2014-June 2016 (Table 1). Although bat passes 
were not identified to species, the species captured in the 
mist-nets (Table 2), and whose echolocation call range was 
within the detector setting used, most likely accounted for 
most of the counted passes. 

Data analysis

We measured bat activity as the number of bat passes 
(Russo & Jones 2003) in each habitat and hour. We used 
independent samples t-test to test for differences in the 
mean number of passes between farmlands and forest 
interior, after log transforming the passes count data 
because it was not normally distributed. Kruskal-Wallis 
test was used to test for sampled medians of bat passes in 
different vegetation types in the farmlands and ASF as well 
as seasonal changes in bat activity. To compare seasonal 
changes and hourly trends in bat activity we used 11 hours 
(1900-0500hr) data for surveys in November 2015 (short 
rain season), February 2016 (dry) and November 2016 (long 

rains seasons) because the sampling effort was the same 
across seasons. All statistical analyses were undertaken 
using PAST (Hammer et al. 2001). 

RESULTS
Bat species detected or missed by the detector setting 

A total of 11 insectivorous bat species were captured 
in mist net surveys, which could potentially be detected 
by the detector set at 33 kHz ± 8 kHz (Table 2). The largest 
numbers of these captures were in farmlands than in 
forest interior. In farmlands the largest number of capture 
was in coconut plots, while in the interior of ASF it was 
Brachystegia woodland. Two species; Scotoecus hirundo 
and Neoromicia tenuipinnis were captured in farmlands but 
not in ASF. Individuals of seven other bat species were also 
captured in the mist-nets in the study areas, which could not 
be detected since their echolocation calls range is higher or 
lower than the detector setting used in the survey (Table 3). 

Insectivorous bat activity

A total of 14,727 passes were recorded: 71.7% in 
farmlands and 28.3% in ASF. The mean number of passes 
per night in farmlands was significantly higher (152.9 ± 13.2, 
N = 69) than in ASF (60.5 ± 4.6, N = 69) (df = 68, t = -8.67, 
P <0.05, N = 69). Even though activity in coconut plots was 
slightly higher (156.3 ± 24.8, N = 23), than in mango (153.3 ± 
19.2, N = 23) and mixed (148.2 ± 24.9, N = 23) plots (Fig. 4), 
there was no significant difference in the sampled medians 
of bat passes in the three vegetation types (H = 0.3869, df = 
22, P = 0.82). In ASF the highest mean bat activity per night 
was recorded in Brachystegia woodland (65.2 ± 7.2, N = 23), 
followed by Mixed forest (64.9 ± 9.7, N = 23) and Cynometra 
forest (51.5 ± 6.9, N = 23) (Fig. 4). However, there was no 
significant difference in the sampled medians of bat passes 
per night in the three vegetation types (H=2.419, df  = 22, P 
= 0.03, N = 69). 

Hourly trend in bat activity

The mean bat activity per hour in farmlands was highest 
at 19:00hr (30.3 ± 6.6, N = 36) and lowest at 01:00hr (8.4 ± 
1.3, N = 36). In the forest interior, the mean bat activity per 
hour was highest at 19:00hr (14.6 ± 1.9, N = 36) and lowest 
at 0:00hr (4.1 ± 0.7, N = 36). In general bat activity pattern 
in both main habitat types had two main peaks; activity 
peaked at 19:00hr, sharply declined to the lowest level in 
between 0:00hr-01:00hr and maintained a gradual increase 
from 02:00hr to another lower peak at 05:00hr (Fig. 5 & 6).  

Seasonal trend in bat activity 

The mean bat activity per night in the wet season (123.1 
± 11.8, N = 24) was the highest, followed by short rains 
season (112.8 ± 27.2, N = 24) and lowest in the dry season 
(96.2 ± 10.9, N = 24). There was a significant difference in 
the sampled medians of bat passes per night in the three 
different sampling seasons (H= 6.458, df = 23, P < 0.04, N = 
69).
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Table 3 - Insectivorous bat species occurring in different vegetation types in farmlands and in ASF which could not be detected with 
the Pettersson heterodyne setting (33 kHz ± 8 kHz) used during the survey. LD-CF Narrow band, low-duty pulse composed of constant 
frequency, LD-FM Shallow frequency modulated, NBW Narrow Band Width, BBW Broad Band Width, PF Peak Frequency, COC Coconut 
Plots, MAN Mango plots, MIX Mixed plots in farmlands, FARMT Farmland total bat captures, BW Brachystegia woodland, CF Cynometra 
forest, MF Mixed forest and ASFT total bat captures in forest interior.

Farmlands Forest interior

Bat species COC MAN MIX FARMT BW CF MF ASFT Echolocation freq. References

Cardioderma cor 209 141 254 604 2 0 0 2 56.7 ± 11 kHz Taylor et al. 2005

Macronycteris 
vittata 6 17 13 36 6 7 7 20 HD-FC PF 61 kHz, Monadjem et al. 2010b

Hipposideros 
caffer 8 2 11 21 0 13 0 13 HD-CF PF 142.3 kHz, 

NBW 8.4 kHz Monadjem et al. 2010b

Rhinolophus 
deckenii 5 8 15 28 1 8 1 10 HD-FC PF 72 kHz Monadjem et al. 2010b

Neoromicia nana 0 10 2 12 4 14 0 18 LD-FM PF 69 kHz  
BBW 17.8 kHz Monadjem et al. 2010b

Otomops 
harrisoni 10 0 1 11 0 0 0 0 10–12 kHz Yalden & Happold 2013

Triaenops afer 4 1 0 5 0 0 0 0 77-80 kHz Monadjem et al. 2010

Totals 242 179 296 717 13 42 8 63

Fig. 4 - The mean number of bat passes recorded in each vegetation type in farmlands (COC-Coconut, MAN-Mango, MIX-
Mixed plots) and in ASF (CF-Cynometra forest, BW-Brachystegia woodland, MF-Mixed forest).

DISCUSSION
Our study investigated insectivorous bat activity in the 

less disturbed interior of ASF and adjacent highly disturbed 
farmlands. The farmlands had higher bat activity than the 
forest interior. In addition, more than twice the number 
of bats potentially targeted by the detector setting was 
captured in farmlands than in ASF. Our results of activity 
surveys are consistent with findings by Estrada et al. (2004), 
who found higher bat activity in villages, along live fences and 
citrus farms, than in continuous forest in tropical rainforest 

in southeastern Veracruz, Mexico. Although high levels of 
bat activity appear to indicate areas which are important 
to bats and those they use heavily (Adams et al. 2015), and 
the number of passes counted is probably correlated to the 
number of individuals present (Wickramasinghe et al. 2003), 
it is not possible to quantify the exact number of individuals 
present in a given station since a detector can record the 
same individual more than once (Frick 2013). Therefore, 
despite the higher bat activity and number captures 
detected in farmlands than in the forest interior, the results 
of our study should be interpreted with caution. 
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The inability to identify the calls to species made it 
impossible to pinpoint the bat species using these habitats. 
We used only one frequency setting (33 kHz) throughout the 
69 sampling stations, which limited the number of passes 
we counted at each station because some species like those 
in genus Hipposideros call at higher frequencies (Happold 
& Happold 2013). These species are mostly forest-dwelling 
species (better adapted to the forest interiors), biasing our 
sampling design towards open-space foragers. However, 
eleven species (Scotophilus trujilloi, Nycteris thebaica, 
Coleura afra, Nycticeinops schlieffeni, Scotoecus hirundo, 

Neoromicia capensis, Neoromicia  tenuipinnis, Taphozous  
mauritanius, Pipistrellus rueppellii and Chaerephon pumilus, 
Neoromicia  rendalli) were confirmed in mist-net surveys 
to occur in the study areas and probably contributed 
significantly to the calls we counted.  Insectivorous bats also 
modify their echolocation calls throughout their flight based 
on the habitat structure and whether involved in foraging or 
commuting activity. For instance, bats in cluttered habitat 
emit quieter echolocation calls, which can reduce detection 
rate and make species identification from ultrasonic 
recordings more difficult (Schnitzler & Kalko 2001, Russ 

Fig. 5  -The mean number of bat passes per night in farmlands (November 2015, February 2016 and June 2016).

Fig. 6 - The mean number of bat passes per night in forest interior of ASF (November 2015, February 2016 and June 2016).
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2003). The result is a false absence, with present species 
being undetected (MacKenzie 2005), and consequently 
counting a reduced number of echolocation calls. 

The differences in vegetation clutter across habitats 
can also affect bat activity and exploitation of insect prey 
available. Increasing clutter can make foraging more 
complicated and increase the energetic coast of flight 
(Aldridge & Rautenbach 1987, Norberg & Rayner 1987). 
Vegetation clutter can inhibit flight for some bat species 
(Brigham et al. 1997). The negative influence of clutter is likely 
related to difficulties associated with tracking prey while 
simultaneously monitoring location of obstacles (Simmons 
et al. 1979) rather than decreased prey abundance (Bender 
et al. 2015). Therefore, the high density of understory 
vegetation in the forest interior probably constrained some 
bat species exploitation of this habitat, probably explaining 
the low captures of detector targeted bats in ASF (68) than 
in farmlands (168). High understory and canopy vegetation 
densities may also probably constraint detection of calls 
of some bat species especially those with low detection 
distances, because the vegetation clutter may act as an 
obstacle against sound movement in the environment. For 
example, calls of some species recorded in this survey such 
as those of S. trujilloi (with detection distance of 12.5-15 m), 
N. schlieffeni (15.0 m) and Scotoecus hirundo, C. pumilus 
(12-20 m) (Monadjem et al. 2017), may probably be easily 
detected in more open farmlands vegetation types with 
reduced sound movement restrictions than in more closed 
ASF habitat. This probably may explain the slightly higher 
activity of bats and larger captures of detector targeted 
bats in the more open coconut plots and Brachystegia 
woodland, than in the other vegetation types in our study 
areas. In addition, some bats in family molossid and genus 
Taphozous are fast fliers and hawk insects in high altitude 
above the forest canopy (Norberg & Rayner 1987, Duffy et 
al. 2000, MacSwiney et al. 2008), and detection of their calls 
would be impaired when sampling by walking on the ground 
surrounded by tall trees and under closed tree canopies, like 
it was the case in the interior of ASF. In addition, mist-nets 
provide a biased sample of bat species assemblages (Murray 
et al. 1999, Sampaio et al. 2003, MacSwiney et al. 2007). 
These factors may have contributed to the lower bat activity 
recorded in the forest interior as well as the low number of 
bats captured in mist-nets in this habitat. Future research 
should therefore, build a reference echolocation calls library 
of insectivorous bat species in the study area (O’Farrell & 
Gannon 1999), and then use this information in bat acoustic 
activity surveys. This method will improve our understanding 
about specific species using each habitat, and changes of 
their activity with time and seasons. 

Temporal trends in bat activity both inside ASF and 
farmlands showed the same pattern; being highest at 
19:00hr, significantly declined to lowest in between 0:00hr-
01:00hr, and then increased to a lower peak at 05:00hr. Our 
results of two bat activity peaks, are conistent with activity 
of Neoromicia nana in the logged and unlogged forest 
section of Kibale National Park, which was most active in 
the first five hours after sunset after which activity declined 
rapidly after midnight until sampling ended at 01:00 hrs 
(Monadjem et al. 2010a). The pattern we observed in our 
study, is typical of many species of insectivorous bats (Kunz 

1973, Erker 1982, Rautenbach et al. 1988, Taylor & O’Neill 
1988, Maier 1992, Rydell et al. 1996, Meyer et al. 2004) 
where bats are active in foraging after leaving their day 
roost, reduce activity when they return to roosts again in 
the middle of the night, eventually followed by a final bout 
of foraging and commuting activity before returning to their 
day roosts (Kunz 1974, Kunz et al. 1995). Bat activity was 
highest in the wet than dry season, probably suggesting 
increased foraging or commuting activity of bats in search 
of insect preys in order to increase their breeding success. 
Bats synchronize reproduction with periods of high food 
availability (Bronson 1985), because of high energy demand 
and potential risks associated with breeding (Studier et al. 
1973, Kurta et al. 1989). Future studies should investigate 
the breeding patterns of bats around the study area and 
determine whether it is influenced by seasonal changes in 
food (invertebrates) availability and rainfall patterns.

The indigenous coastal vegetation in ASF had been 
completely destroyed in the areas around this forest and had 
been replaced with agricultural farms, human settlements 
and cultivated exotic trees. However, our farmlands were 
still being used by some bat species either for commuting 
through or foraging, probably because of the large number 
of cultivated trees in this open-space habitat. The farmlands 
also had larger number of bats (which could not be recorded 
with the detector settings) (717) than the forest interior 
(63), which emphasizes the value of this habitat for bat 
conservation. Farmlands biodiversity is probably greatly 
enhanced by the presence of isolated big trees (Fischer et al. 
2010). The farmlands in Gede, were not bare but had many 
cultivated exotic mangos, cashew nuts, neems and coconut 
trees which probably provided suitable foraging and roosting 
habitats for the bats. Foraging activity of bats is often higher 
near trees in open areas and along edges (Lumsden & 
Bennet 2005, Downs & Racey 2006, Law & Chidel 2006). 
Thus, human modified habitats that incorporate large 
trees on farms might have reduced effect on bat activity 
and abundance (Williams-Guillén et al. 2016) than in bare 
open areas. Some research has also shown that habitat 
disturbance does not affect activity of some bat species, that 
are well-adapted to anthropic environments. For example, 
Fenton et al. (1998) found that the common vespertilionid 
and molossid bats, those feeding on airborne insects, were 
also found in sites in savanna woodlands in Zimbabwe where 
the tree canopy had virtually been eliminated. Insectivorous 
bats are highly mobile (McCracken et al. 2012), and forage 
over large areas in a single night (Treitler et al. 2016). Thus, 
the high bat activity in the farmlands in our study area 
may indicate certain conservation value of this habitat for 
some bat species, probably due to abundance of insect 
prey. In addition to trees, a number of limestone caves with 
insectivorous bats occurred in farmlands than in the forest. 
Some of these caves like Alibaba and Kaboga had large bat 
populations of multiple species (Musila et al. 2018). The 
simultaneous emergence of bats from these roosts, to forage 
in the evening and their return at dawn, probably increased 
bat activity in the farmlands. However, the future of these 
caves is uncertain, because they are unprotected and 
occurred in private land. Future research should shed more 
light on the role of farmlands trees in Gede in sustaining bats 
in this habitat. 
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CONCLUSION
In conclusion, although farmlands had higher bat 

activity and captures than ASF, future research addressing 
limitations of our methods would provide a more accurate 
understanding about bats habitat use of these two main 
habitats. Human-modified habitat like farmlands, human 
settlements and other mosaics are rapidly increasing due to 
increasing global human population. The farmlands in Gede, 
had completely lost the coastal indigenous vegetation found 
in ASF, and had been replaced with cultivated fruit trees 
and food crop farms. However, some bat species still use 
this habitat which emphasizes the need for more research 
in agricultural areas in Africa in order to understand their 
role for conservation of bats in the continent. Furthermore, 
it would be important to continue to encourage the local 
farmers around Gede, to maintain the existing orchard trees 
or even to cultivate more trees in their farms, in order to 
sustain vegetation cover in the farmlands which may be 
suitable for bats conservation.
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