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Abstract: Tropical mountain ranges are known to support high biodiversity. In addition to their role as refuge 
habitat, complex topography within these ecosystems promotes the development of diverse species traits and 
evolutionary divergence. However, species within these environments also face severe anthropological threats, 
most notably from habitat loss and degradation, invasive species, and climate change. A primary example is 
the Taita Hills in Kenya, which forms the northernmost portion of the biodiversity rich Eastern Arc Mountains. 
Despite the high biodiversity potential for the area, little is known regarding chiropteran diversity. In order to 
address this lack of knowledge, we conducted a rapid biological survey of bats during January-February 2016. 
Our trapping effort was focused on different habitat types (e.g. highland cloud rainforest fragments, lowland 
riverbeds and human structures) and diverse trapping methods were used (e.g. mist-netting and hand-netting). 
A total of 169 bats belonging to at least 19 species from 7 different families were captured across 16 sampling 
sites. We report 10 new species records for the Taita Hills region, including the first record of Miniopterus 
mossambicus for East Africa, with a major range expansion in its distribution, as well as the first echolocation 
call for Glauconycteris argentata in eastern Africa. Several cases of probable species complexes were also 
identified, which are the focus of ongoing molecular work. Together, our results demonstrate that the Taita Hills 
region is home to rich bat diversity, not yet completely assessed, and emphasizes the urgent need to conserve the 
remaining forest fragments.    

Keywords: Miniopterus mossambicus, Afrotropical mountains, biodiversity, Chiroptera, Cyt-b mtDNA, DNA 
barcoding, Glauconycteris argentata.

Received: December, 28th 2016
Accepted: March,18th 2017 

Rapid assessment of bat diversity in the Taita Hills Afromontane cloud forests, southeastern Kenya

mailto:adria.baucells%40gmail.com?subject=
https://doi.org/10.14709/BarbJ.9.1.2016.04


Barbastella 9(1) 2016

Adrià López-Baucells, Ricardo Rocha, Paul Webala, Abhilash Nair, Ruut Uusitalo, Tarja Sironen, Kristian M. Forbes

Introduction
Tropical mountain ranges can act as hotspots for 

biological diversity (Fjeldså et al. 1997, Badgley et al. 
2017). In addition to their role as refuge, the diverse climatic 
conditions and habitat heterogeneity within these ecosystems 
promotes the development of diverse species traits (Presley 
et al. 2012, Cisneros et al. 2014, Chaverri et al. 2016, Peters 
et al. 2016, Badgley et al. 2017). This, combined with 
restricted genetic exchange across elevational gradients, 
drives evolutionary divergence and endemism (e.g. Crochet 
et al. 2004). In essence, mountain tops represent ‘sky islands’ 
and the biodiversity of these areas suffers from many of 
the threats that occur on conventional islands. These range 
from habitat loss and degradation, to the impacts of invasive 
species, and the negative consequences of climate change 
(Millennium Ecosystem Assessment 2005, Malcolm et al. 
2006, Guo et al. 2013, Le Saout et al. 2013). Together these 
factors render tropical mountain ecosystems a high priority 
for research and conservation action. 

East Africa is well known for its diverse mammalian 
fauna. The region’s bat fauna ranks amongst the most diverse 
globally, and with 108 recorded species to date, Kenya is 
second only to the Democratic Republic of Congo in terms of 
African chiropteran diversity (Patterson and Webala 2012). 
Together with other mountains of the Eastern Arc, the Taita 
Hills form the Eastern Afromontane (EAM) biodiversity 
hotspot (Mittermeier et al. 2004) and are home to a high 
number of endemic plant and animal species (Brooks et 
al. 1998, Myers et al. 2000, Wagura 2014). This high level 
of endemism is reflective of the EAM age (290-180 Myr 
BP) and isolation, combined with long periods of climatic 
stability (Thijs et al. 2014). Like other mountain regions 
across the EAM, the Taita Hills have previously and continue 
to experience high levels of anthropogenic pressure (Pellikka 
et al. 2009). Around 95% of the Taita Hills original forest 
area has been cleared over the past 250 years (Newmark 
2002), with approximately 50% lost between 1955 and 2004 
alone (Pellikka et al. 2009). The remaining forest is heavily 
fragmented, as human pressure and encroachment have 
degraded many of the smallest forest patches. The remnant 
forest fragments range from 180 ha (Mbololo) to 1 ha (Vuria, 
Kichuchenyi and Ronge) and are all located 1300 m above 
sea level (Thijs et al. 2014). 

Very little is known regarding bat diversity in the Taita 
Hills, beyond two publications for the region, published in 
2005 and 2014, which list bat inventory (Taylor et al. 2005, 
Wagura 2014). The most recent of these is a general field 
guide of the area, for which the sources and timing of bat 
records are not reported. Given the ongoing threats facing 
the biodiversity rich Taita Hills ecosystem, particularly in the 
form of habitat loss, the purpose of this study was to update 
the poorly documented bat fauna in the region through a 
rapid biological survey of bats.

Material and Methods
STUDY AREA

The Afromontane cloud forests of the Taita Hills are 
located in southeastern Kenya (3º20’S, 38º15’E), 360 km 
southeast of the capital Nairobi and 190 km northwest of 
another major city, Mombasa, and form the northernmost 
portion of the Eastern Arc Mountains. The 1000 km2 stretch 
is characterized by complex topographical variations and 
marked vegetation gradients, ranging from dry semi-arid 
savannas and grassland (600-700 m above sea level), to 
steep mountain slopes that culminate in Vuria peak at 2208 m 
(Thijs et al. 2014). The Taita Hills comprise four main hills: 
Dawida (2228 m), Mt. Mbololo (1779 m), Sagalla Hill (1500 
m) and Mt. Kasigau (1645 m), surrounded by the Voi River 
and the Tsavo plains at 600-700 m elevation. 

The climate is tropical, with two distinct bimodal rain 
seasons, one from November to December and another from 
March to May. Mean annual temperature decreases (22º to 16 
ºC) with increasing altitude whereas rainfall increases (600 
to 1400 mm) from the lowlands to the hilltops (Jaetzold and 
Schmidt 1983). The moist forest on the hilltops is dependent 
on precipitation from trapped moisture transported by the 
southeast winds originating from the Indian Ocean (Thijs et 
al. 2014). The vegetation on the hills consists of different 
types of short dry bushland that encircle a diverse mosaic of 
moist-forest fragments and smallholder crops and plantations. 
Plantations (both autochthonous and exotic) are also on 
the slopes, usually next to more populated valleys. Human 
populations in the region have grown by an annual average 
of 1.8% over previous decades, reaching 246,671 inhabitants 
in 1999 (average of 534 persons/km2) (Republic of Kenya 
2001, Pellikka et al. 2009). Villages tends to be located close 
to water sources as local communities are highly dependent 
on small agriculture and forestry. 

BAT SURVEYS

Bats surveys were conducted over a two-week period 
in early 2016 as part of an infectious disease-research 
expedition led by the University of Helsinki (January 28 
to February 8). Sampling sites were selected based on 
local knowledge of bat roosts and their accessibility, and to 
incorporate different habitat types: villages (n = 4), primary 
forest fragments, (n = 2), savannah (n = 4), ponds embedded 
in agricultural areas (n = 4), exotic forest plantation (n = 1) 
and cave (n = 1) (Table 1; Fig. 1, 2 and 3). Several trapping 
methodologies were employed to promote species diversity 
in the captured bats [mist-netting, hand-netting in roosts 
(both in caves and human structures) and acoustic surveys]. 
Most bats were captured using ground-level mist-nets (3x2.5 
to 12x2.5 m ECOTONE, Poland), with 5-9 nets set at each 
sampling location per night. Trapping was performed nightly 
and nets were opened from dusk for up to 6 hours. Some 
bats, particularly in villages and caves, were captured using 
hand-nets. Bat species identification followed Patterson and 
Webala (2012) and Monadjem et al. (2010), and taxonomy 
follows Simmons (2005). Captured individuals were kept in 
cotton bags prior to processing, and standard measurements 
(forearm length and weight), and sex and reproductive status 
were then recorded. A wing tissue sample (2 mm, Stiefel 
Laboratories, Inc., Germany) was collected from all bats for 
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Fig. 1 – Map depicting the Taita Hills in southeastern Kenya, and the specific trapping locations therein (Sentinel-2A false 
colour image).

Fig. 2 – Habitats sampled during the rapid bat biodiversity assessment in the Taita Hills. A) mountain range in Taita Hills, 
B) moist-forest fragment on hilltop, C) bushlands, D) lowlands and savannah, E) fish ponds embedded in agricultural area in 
highlands, F) village roost, G) Voi River.
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molecular analyses. One voucher for the following species 
were collected and deposited at the Mammalogy Section of 
the National Museum of Kenya: Glauconycteris argentata, 
Pipistrellus hesperidus, Miniopterus sp., Rhinolophus 
clivosus and Nycticeinops schieffeni. 

Field identifications were complemented by DNA 
barcoding of uncertain species. DNA material was 
extracted from wing punches using a NucleoSpin®Tissue 
kit (Macherey-Nagel) and following the manufacturer 
guidelines. The cytochrome b gene (Cyt-b) was sequenced 
for species identification, one of the most commonly 
used (mitochondrial) molecular marker in bat fauna 
(Hamilton et al. 2015). The primers employed were L15146 
(5’-CATGAGGACAAATATCATTCTGAG-3’) and H15915 
(5’-TCTCCATTTCTGGTTTACAAG AC-3’) (Irwin et al. 
1991), and polymerase chain reactions were done using 
protocols described by Lamb et al. (2012). The sequences 
were compared with those available in GenBank. Sequences 
acquired during this study are deposited in GenBank (see 
accession numbers in the Supplementary material, Table 1).

ECHOLOCATION RECORDINGS

For almost all species we recorded release calls to 
compile a reference library for the region. Echolocation calls 
were recorded simultaneously using two Pettersson D1000X 
detectors (Pettersson Elektronik AB, Uppsala, Sweden). 
The detectors were placed 10 - 20 m from the release point 
(depending on the species). Upon release, bats use highly 
modulated pulses that gradually came back to normal shapes. 
Normalized pulses were selected for reporting (Britzke et al. 
2011). Most species were released by hand at ground level. 
However, species with poor manoeuvrability in cluttered 
spaces, such as molossids (Voigt and Holderied 2012), were 
released from higher elevations close to the capture site. 
Recordings were made at a sampling frequency of 250 kHz, 
with 16 bits/sample. 

For sound analysis, a customized 512 point fast Fourier 
transform (FFT) was used with a Hanning window for 
both spectrograms and power spectrum. To characterize 
the echolocation calls, peak frequency or frequency with 
maximum energy (FME), start frequency (St-freq) and end 
frequency (End-freq) (Jung et al. 2014, López-Baucells et al. 
2016), were measured using Kaleidoscope v.3.1.4b (Wildlife 
Acoustics, USA). Other common measurements, such as 
bandwidth and pulse duration, were not considered as these 
are unreliable following hand release (López-Baucells et al. 
unpublished data). To minimize measurement error, only 
pulses with echolocation calls 20 dB above the background 
noise were measured. In this study, we only provide 
information for the rare species, Glauconycteris argentata, 
due to a prior lack of reference calls in the literature. 

Results 
Across 16 sites (Fig. 1, Table 1), we captured a total of 

169 bats comprising 19 species belonging to seven families: 
Vespertilionidae (8), Pteropodidae (3), Molossidae (3), 
Rhinolophidae (2), Miniopteridae (2), Megadermatidae (1) 
and Hipposideridae (1) (Fig. 4 and Table 2). With these data, 
we provide the first report of Miniopterus mossambicus for 
East Africa, confirm eight previously reported species by 
Taylor et al. (2005) and three by Wagura (2014), and update 
the Taita Hills chiropteran inventory with 10 new bat species 
records. 

We identified two cryptic species previously unreported 
for the area (Pipistrellus hesperidus and Neoromicia spp), one 
species with a heavily fragmented distribution (Rhinolophus 
clivosus), and another species only recently described to 
science that is still absent from field guides (Miniopterus 
mossambicus; Monadjem et al. 2013) (Table 3). For some 
species that were confidently identified in the field by their 
well-known diagnostic morphological characters, we found 
low similarity values for matching DNA sequences in 
GenBank (Hipposideros caffer and Myotis tricolor with 95-
96%; Table 2), while for Glauconycteris argentata no Cyt-b 
reference sequences were available. As such, our sequence 
represents the first submission to GenBank for this species. 
The closest match was Glauconycteris variegata, with 84% 
sequence similarity. However, these species are clearly 
differentiated by wing coloration (Patterson and Webala 
2012). 

Fig. 3 – Aerial view of Ngangao fragment. A true-  colour 
aerial image mosaic from 2012 acquired by Department of 
Geography, University of Helsinki. 
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Table 1 – Characteristics of the 16 bat trapping sites in the Taita Hills, as located in Figure 1.

# Trapping site Latitude Longitude Elevation (m) Habitat
1 Kambito 03°23’25.1”S   38°21’57.8”E 1285 Cave
2 Kitumbi 03°21’14.1”S   38°20’32.7”E 1791 Exotic forest
3 Kitumbi 03°21’14.1”S   38°20’32.7”E 1791 Pond
4 Msao 1 03°25’11.0”S 38°25’9.59”E 683 Partly dry river bed / savannah
5 Msao 2 03°26’3.59”S   38°27’24.0”E 650 Partly dry river bed / savannah
6 Msao 3 03°25’13.1”S 38°25’3.58”E 680 Partly dry river bed / savannah
7 Mwakajho 03°17’29.4”S   38°25’42.1”E 714 Dry river bed/ savannah
8 Mwandau Voi 03°19’39.2”S 38°28’45.6”E 718 Village
9 Ngangao fish ponds 03°22’24.5”S 38°20’45.4”E 1702 Pond
10 Ngangao fragment 03°16’48.8”S   38°26’13.7”E 1857 Primary forest fragment
11 Ngangao plantation 03°22’18.3”S 38°20’25.4”E 1818 Plantation
12 Ngangao pond 03°22’20.0”S 38°20’43.5”E 1681 Pond
13 Private house 03°22’44.2”S  38°22’29.3”E 1568 Village – inhabited house
14 Taita Research Station 03°24’2.05”S 38°21’52.6”E 1395 Village
14 Taita Station – Inhabited house 03°24’2.05”S 38°21’52.6”E 1395 Village
15 Yale fragment 03°24’8.86”S 38°19’47.3”E 1568 Primary forest fragment
16 Yale pond 03°24’8.86”S 38°19’47.3”E 1568 Pond

Rapid assessment of bat diversity in the Taita Hills Afromontane cloud forests, southeastern Kenya

Table 2 – Best matching mitochondrial sequences (Cyt-b) in GenBank for bats with uncertain field identification.

Species GenBank sp Identity (%) Matching GenBank ID
Glauconycteris argentata Glauconycteris variegata 84% JX276108.1
Hipposideros caffer Hipposideros caffer 95% EU934457.1
Miniopterus sp. Miniopterus mossambicus 99% KF709538.1
Miniopterus sp. Miniopterus minor 97%  FJ232804.1
Miniopterus sp. Miniopterus schreibersii natalensis  91% AJ841977.1
Miniopterus sp. Miniopterus schreibersii natalensis  91% JX276239.1
Myotis tricolor Myotis tricolor 96% AJ841953.1
Pipistrellus cf. hesperidus Pipistrellus hesperidus  99% KM886090.1
Pipistrellus cf. hesperidus Pipistrellus hesperidus  99% KM886090.1
Pipistrellus cf. hesperidus Pipistrellus hesperidus  99% KM886090.1
Pipistrellus sp Neoromicia nanus haplotype Namibia  99% KX375180.1
Pipistrellus sp Neoromicia nanus haplotype Namibia  99% KX375180.1
Pipistrellus sp Neoromicia nanus 95% JX276203.1

Pipistrellus sp.
Neoromicia zuluensis 93% KX375186.1
Neoromicia somalicus 91% AJ841977.1

Rhinolophus sp. Rhinolophus clivosus 100% EU436674.1
Rhinolophus sp. Rhinolophus clivosus 100% EU436674.1
Scotoecus hirundo Pipistrellus hesperidus  86%  JX276313.1
Scotoecus hirundo Pipistrellus hesperidus  86% JX276313.1
Scotoecus hirundo Pipistrellus hesperidus  86% JX276313.1
Scotoecus hirundo Pipistrellus hesperidus 86% JX276313.1
Scotoecus hirundo Pipistrellus hesperidus  86% JX276313.1

Scotophilus dinganii
Scotophilus viridis 98% EU750986.1
Scotophilus dinganii 96% EU750993.1

Scotophilus dinganii
Scotophilus viridis 98% EU750986.1
Scotophilus dinganii 96% EU750993.1
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Table 3– Checklist of bat species from our Taita Hills survey, southeastern Kenya, in comparison to previous reports in the same area. 
Species1 Taylor et al. 2005 Wagura 2014 Current project English name1 IUCN threat level2 Habitats where detected3

Pteropodidae

Epomophorus wahlbergi ✓ ✓ ✓ Wahlberg’s Epauletted Fruit Bat Least concern A, B, C, D

Lissonycteris angolensis ✓ Angolan Fruit Bat Least concern B, D

Rousettus aegyptiacus ✓ ✓ Egyptian Fruit Bat Least concern A, B, C, D

Rhinolophidae

Rhinolophus clivosus ✓ Geoffroy’s Horseshoe Bat Least concern A, B

Rhinolophus darlingi ✓ Darling’s Horseshoe Bat Least concern

Rhinolophus hildebrandtii ✓ ✓ Hildebrandt’s Horseshoe Bat Least concern

Rhinolophus landeri ✓ ✓ Lander’s Horseshoe Bat Least concern A, B

Hipposideridae
Hipposideros caffer ✓ ✓ Sundevall’s Roundleaf Bat Least concern A

Triaenops afer ✓ Persian Trident Bat Least concern

Megadermatidae
Cardioderma cor ✓ ✓ Heart-nosed Bat Least concern A, C

Lavia frons ✓ Yellow-winged Bat Least concern

Emballonuridae Coleura afra ✓ African Sheath-tailed Bat Least concern

Nycteridae Nycteris thebaica ✓ Cape Long-eared Bat Least concern

Molossidae

Chaerephon major ✓ Large Wrinkle-lipped Bat Least concern A

Chaerephon pumilus ✓ ✓ Little Free-tailed Bat Least concern C

Mops midas ✓ Midas Free-tailed Bat Least concern

Otomops harrisoni ✓ Large-eared Free-tailed Bat Near threatened

Tadarida aegyptiaca ✓ Egyptian Free-tailed Bat Least concern A

Tadarida ventralis ✓ ✓ Giant free-tailed Bat Data deficient

Miniopteridae
Miniopterus mossambicus ✓ Mozambican Long-fingered Bat Not yet assessed C

Miniopterus sp. ✓ Long-fingered Bat C, D

Vespertilionidae

Glauconycteris argentata ✓ Silvered Bat Least concern C, D

Myotis tricolor ✓ Temminck’s Mouse-eared Bat Least concern B

Neoromicia capensis ✓ Cape Pipistrelle Least concern

Neoromicia nana ✓ ✓ Banana Pipistrelle Least concern B, C

Neoromicia sp. ✓ ✓ C, D

Nycticeinops schlieffeni ✓ Schlieffen’s Bat Least concern C

Pipistrellus hesperidus. ✓ African Pipistrelle Least concern B, C, D

Scotoecus hirundo ✓ ✓ ✓ Lesser House Bat Least concern A, C

Scotophilus dinganii ✓ ✓ Yellow bellied House Bat Least concern C
1 Nomenclature based in Simmons 2007; 2 IUCN threat level; 3 Habitats where sampled: A = village, B = primary forest fragment, C = savannah, D = fish ponds embedded in agricultural 
area, E = cave.
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Fig. 4 – Bat species captured during this survey. A) Epomophorus wahlbergi, B) Lissonycteris angolensis, C) Rousettus 
aegyptiacus, D) Hipposideros caffer, E) Rhinolophus clivosus, F) Rhinolophus landeri, G) Cardioderma cor, H) Chaerephon 
major I) Tadarida aegyptiaca J) Chaerephon major K) Glauconycteris argentata, L) Myotis tricolor, M) Miniopterus sp., N) 
Nycticeinops schlieffeni, O) Pipistrellus hesperidus P) Neoromicia sp. Q) Scotoecus hirundo, R) Scotophilus dinganii

Rapid assessment of bat diversity in the Taita Hills Afromontane cloud forests, southeastern Kenya
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Several colonies of Cardioderma cor and Rhinolophus 
spp, were found roosting in human structures (both inhabited 
and uninhabited) in the lowlands of the Taita Hills (Table 3). 
In these areas, the main vespertilionid species encountered 
were Pipistrellus hesperidus, Nycticeinops schlieffeni, 
Scotoecus hirundo, Scotophilus dinganii and Neoromicia 
spp.; all of them captured in open areas. In villages at higher 
elevations, synanthropic colonies were all composed of 
molossid species (e.g. Chaerephon pumilus). Molossids and 
other vespertilionids were also captured over open water 
sources (mainly Neoromicia sp. and G. argentata). Pregnancy 
was detected for Rousettus aegyptiacus, Epomophorus 
wahlbergi, C. pumilus and C. cor and lactating for R. 
aegyptiacus, C. cor and Miniopterus spp. Reproductively 
active male P. hesperidus, R. aegyptiacus, E. wahlbergi and 
C. cor, identified by a swollen scrotum, were also captured. 

Echolocation calls for Glauconycteris argentata could 
be clearly described by a first modulated tail (concave and 
downward) with a large bandwidth, followed by a quasi-
constant component around 40 kHz (Table 4, Fig. 5). 

Discussion
Through this bat biodiversity assessment in the Taita 

Hills, Kenya, we provide the first report of Miniopterus 
mossambicus for East Africa, as well as 10 new species 
records for the area, highlighting the vital importance of 
rapid bat fauna inventories for conservation in underexplored 
biodiverse regions. The focus on different habitat types and 
the combination of complementary trapping techniques 
allowed us to capture species with different detectability 
and foraging strategies, reinforcing the importance of 
diversifying the sampling methodologies (Flaquer et al. 
2007, Webala et al. 2009). However, despite the high 
number of new species reported for the area, due to the short 
duration of the expedition and limited sampling effort and 
geographical coverage, it is unlikely that bat biodiversity is 
yet fully documented. 

In the field, several bats were identified only to the genus 
level due to a lack of known diagnostic morphological 
characters. For some, we also found a lack of available 

Fig. 5 – Echolocation calls of Glauconycteris argentata (A: compressed spectrogram of several pulses recorded during a 
commuting flight sequence; B: Zoom of a complete single pulse with the 2nd harmonic and the initial modulated tail; C: 
Zoom of a complete single pulse without harmonics and only showing the quasi-constant component of the pulse and D: non-
compressed commuting flight sequence.

Table 4 – Search flight call parameters for Glauconycteris argentata from our Taita Hills study area, in comparison to calls 
reported from Gabon (from Peerboom et al. 2012). Mean ± SE, observed range (in parentheses).

Echolocation parameters Taita Hills, Kenya (current study) Gabon (Peereboom et al 2012)
Peak Frequency (kHz) 40.38 ± 1.68 (36.19 - 44.77) 43,96 ± 1.8 (40.26 - 47.14)
Maximum Frequency (kHz) 56.45 ± 9.40 (41.37 - 75.09) 89.16 ± 7.11 (77.95-101.60)
Minimum Frequency (kHz) 35.20 ± 3.11 (16.32 - 40.62) 31.59 1.48 (28.42 - 34.45)
Bandwidth (kHz) 21.24 ± 10.62 (4.04 - 49.56)
Duration (ms) 4.03 ± 1.86 (0.7 - 8.52) 2.4 ± 0.31 (2.0 - 3.0)
Slope (kHZ/ms) -5.28 ± 6.19 (-48.51 - -0.69)

Adrià López-Baucells, Ricardo Rocha, Paul Webala, Abhilash Nair, Ruut Uusitalo, Tarja Sironen, Kristian M. Forbes
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matching Cyt-b reference sequences in GenBank (Table 2). 
Some of the most difficult specimens to identify were the 
Pipistrellus/Neoromicia and Miniopterus complexes. These 
may represent known species for which no Cyt-b sequences 
are available, or putative new species as 2.5% divergence has 
been previously used to assign new cryptic species within the 
Miniopterus genus(Goodman et al. 2009). To avoid further 
confusion, we decided to retain a genus-level classification.

For some species that we confidently identified to species 
level in the field, barcoding revealed inconsistencies with 
GenBank reference sequences. For example, although 
some Cyt-b sequences for Scotoecus hirundo are available 
in GenBank, our field samples showed 86% similarity to 
Pipistrellus hesperidus as the closest match. However, due to 
clear diagnostic external features for the males of this genus 
- substantially longer penis (Monadjem et al. 2010, Patterson 
and Webala 2012) - we favour our field identification. A 
similar situation occurred for Scotophilus dinganii, which 
was genetically similar to Scotophilus viridis but can be 
morphologically distinguished from it based on forearm 
length (longer than 51 mm) (Monadjem et al. 2010, Patterson 
and Webala 2012). This lack of concordance may result from 
mistaken identity with the previous GenBank submissions 
or strong intra-specific geographic morphological variation 
invalidating current diagnostic traits. 

For other species, DNA barcoding most closely matched 
our field identification, but showed low similarity with the 
available sequences (95-96%, e.g. Hipposideros caffer and 
Myotis tricolor), suggesting the possibility of high genetic 
divergence in the Taita Hills when compared to populations 
elsewhere. Although the results presented here are based on 
only one specimen per species, this genetic divergence could 
be caused by isolation between the hilltops and lowlands, 
driven by the extreme elevational gradients in the Taita Hills 
(Chaverri et al. 2016). This “topographic isolation” often 
leads to high levels of endemism, a pattern described for 
several montane landscapes (Chaverri et al. 2016, Steinbauer 
et al. 2016). 

Amongst this taxonomic uncertainty, DNA barcoding 
confirmed the presence of Miniopterus mossambicus - 
captured in a river bed at low altitudes - which was only 
recently described to science (Monadjem et al. 2013), and 
represents the first record in East Africa and a significant 
range expansion (Monadjem et al. 2013). Our sequences 
for the species have a 99% match with the two available in 
GenBank and both the forearm length (43 mm) and the weight 
(7g) also fit the values provided by Monadjem et al. (2013). 
DNA barcoding also confirmed the capture of Rhinolophus 
clivosus, which has a severely fragmented distribution range 
in East Africa (Kock et al. 2008). However,  the species range 
may be larger than currently described due to patchy research 
effort (Kock et al. 2008). 

Synanthropy is common in some bat groups, with 
species in other areas reported to roost in private houses, 
public buildings and bridges (Amorim et al. 2013, Biavatti 
et al. 2015, Russo and Ancillotto 2015, López-Baucells et 
al. 2017). During our surveys, we identified a reproductive 
colony of more than 100 individuals of Chaerephon pumilus 
inhabiting a large cavity under the roof of a private house, 
and multiple Cadioderma cor colonies occupying abandoned 

buildings. Due to the increasing levels of forest loss across 
the Taita Hills landscape (Pellikka et al. 2009), these roost 
types will likely become increasingly important for the 
conservation of local bat populations as reported elsewhere 
(López-Baucells et al. 2017). We therefore recommend 
research aimed at evaluating roost selection by bats in areas 
facing high levels of habitat modification. 

Our study provided the first Cyt-b sequence in GenBank 
for Glauconycteris argentata. Although widespread, 
this species is rarely captured. We also present the first 
echolocation call description for eastern Africa. The shape of 
its echolocation pulses corresponds to other vespertilionids 
species, characterized by a modulated tail and a short quasi-
constant component at the end of each pulse.  Compared 
to the only published description (from Gabon: Peerboom 
et al. 2012), we identified slightly lower peak frequencies 
of around 40 kHz, and pulses of double the duration 
(sometimes with only quasi-constant shapes) (Table 4). In 
our recording, we also report a potential pulse alternation 
sequence, a characteristic that has been described for other 
vespertilionid bats (e.g. Barbastella barbastellus) (Parsons 
and Jones 2000). These findings suggest that our release 
calls are likely to be less affected by stress imposed on the 
animal by handling. Upon release, this animal spent several 
minutes flying in a semi-open area, thus providing high-
quality semi-natural flying sequences. Good echolocation 
recordings of free flying bats under natural conditions are 
missing for many species (especially those inhabiting remote 
tropical regions) (López-Baucells et al. 2014) and are vital 
for creating reliable reference call libraries. 

The EAM, which encompasses the Taita Hills, are a well-
known biodiversity hotspot (Badgley et al. 2017). Our study 
establishes that the Taita Hills are home to a rich chiropteran 
diversity, and highlights the importance of further research 
and conservation efforts in the area. Despite substantially 
increasing bat inventory, we failed to encounter several 
species that have been previously reported for the region. 
While this could result from low sampling effort due to 
the short duration of our expedition, it may also reflect a 
decrease in their abundance or even local extinctions. Further 
sampling, particularly at different times of the year, is 
required to evaluate this possibility. Lastly, our study further 
reveals the likelihood of species complexes for the region, 
and the need to complement species identification based on 
morphological traits with DNA barcoding. Because many 
current field guides do not provide sufficient diagnostic 
morphological parameters for field identification, more 
taxonomic research towards these hard-to-identify species is 
vital to improve bat surveys and monitoring in this region, 
and other similarly less-explored ecosystems. This would 
not only improve the quality of scientific outputs but is also 
essential for directing optimised conservation efforts.
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SUPPLEMENTARY MATERIAL

Table 1 -  Accession numbers for all sequences deposited in 
GenBank.

Accession numbers Species
KY864367 Scotoecus cf. hirundo
KY864368 Scotoecus cf. hirundo
KY864369 Hipposideros caffer
KY864370 Pipistrellus hesperidus
KY864371 Myotis tricolor
KY864372 Glauconycteris argentata
KY864373 Miniopterus sp.
KY864374 Rhinolophus clivosus
KY864375 Pipistrellus hesperidus
KY864376 Miniopterus sp.
KY864377 Pipistrellus hesperidus
KY864378 Rhinolophus clivosus
KY864379 Scotophilus sp.
KY864380 Scotoecus cf. hirundo
KY864381 Neoromicia nana
KY864382 Scotoecus cf. hirundo
KY864383 Scotophilus sp.
KY864384 Miniopterus mossambicus
KY864385 Miniopterus sp.
KY864386 Neoromicia nana
KY864387 Scotoecus cf. hirundo
KY864388 Neoromicia sp.
KY864389 Neoromicia sp.
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