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Pierce, M.W., Kearney, T., Seamark, E.C.J., Curran, M., Kopp, M. & Keith, M. 2011. New records 
and echolocation information of Laephotis botswanae (Chiroptera, Vespertilionidae) from southern 

Africa. Durban Museum Novitates 34: 39-44. The Botswana Long-eared Bat Laephotis botswanae has been recorded 

from localities across central and southern Africa: the Democratic Republic of Congo, Tanzania, Angola, 

Zambia, Malawi, Zimbabwe, Namibia, Botswana and South Africa. Laephotis botswanae is currently listed as Least 

Concern, in view of its wide distribution, presumed large population and because it is unlikely to be declining 

fast enough to qualify for a listing in a more threatened category. Records of new localities, information about 

additional specimens from previously published localities, updated distribution maps and new echolocation-

call information are important contributions to our understanding of this rarely caught species. This 

contribution reports twelve new locality records for L. botswanae in southern Africa, three in Botswana, two in 

Namibia, five in Malawi and one in South Africa. Additionally, ten previously unpublished specimens, one 

from Malawi, one from Mozambique, three from Namibia and five from Zimbabwe are reported. Finally, 

we also report echolocation-call parameters for the individual caught in South Africa and for seven of the 

individuals caught in Malawi.  
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N E W  R E C o R D S

New locality and specimen records for Botswana and South 
Africa came from captures in mist nets during fieldwork by the 
authors (ES and TK for Botswana, and MP, ES and TK for South 
Africa), while those for Namibia were based on specimens in the 
collection of the State Museum of Namibia in Windhoek examined 
by one of the authors (TK). New locality and specimen records 
for Malawi and an unpublished specimen record for Mozambique 

were also from captures in mist nets by the authors MC and M 
Kopp (hereafter MK). Identifications were made based on external 
and cranial measurements, as indicated in Kearney and Seamark 
(2005). Based on the degree of ossification of the epiphyses 
(Anthony 1988) all vouchers, except one (TMSA 48307), were 
adults. 

The three new specimens representing two new locality 
records for L. botswanae in Botswana, from the Chitabe area 
next to the Gomoti River and Kwetsani Island (see Appendix 
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1 for locality and specimen details), are the fourth- and fifth-
recorded localities of this species in the country (see Fig. 1). The 
specimens from the Chitabe area were mist netted in riverine 
woodland vegetation next to the Gomoti River, while that from 
Kwetsani Island was mist netted within woody vegetation on the 
‘island’. These new localities are east and west of the closest 
localities for previously known records of L. botswanae, at 
Kurunxaraga and Xugana. Kearney and Seamark (2005) incorrectly 
synonymized these distinct localities; Kurunxaraga (see Cotterill 
1996) and Xugana (see Archer 1977), which was corrected in 
Monadjem et al. (2010b). The Gomoti River locality is 50 km 
southeast of Xugana, while Kwetsani Island is 54 km northwest of 
Kurunxaraga. 

The two previously unpublished localities for L. botswanae 
in Namibia, are based on three specimens: two collected by Sue 
Churchill and Rogan Draper at Lianshulu Lodge, Mudumu National 
Park in the eastern Caprivi, and one collected by C.G. ‘Neels’ 
Coetzee, 85 km from Tsumkwe (see Appendix 1 for locality and 
specimen details). These represent the third- and fourth-recorded 
localities of the species in the country (see Fig. 1). Lianshulu 
Lodge is 29 km south of the closest previously known record of L. 
botswanae from San Michelle (Monadjem et al., 2010b), while the 
locality 85 km from Tsumkwe is 191 km southwest of the closest 
previously known record of the holotype of L. botswanae from 19 
km south of Shakawe in Botswana (Setzer 1971).

The five L. botswanae individuals (see Appendix 1 for 
measurements and locality details) captured in Malawi represent 
two new localities at Mt Mulanje that were referred to in 
Monadjem et al. (2010a). These localities at the Tea Research 
Foundation Forest in the foothills of Mt Mulanje and the 
hydroelectric dam at the opening of the Ruo Gorge are roughly 
15 km southeast of the closest previously known record of L. 
botswanae from Likabula Mission at Mt Mulanje in Malawi (see 
Fig. 1; Kearney and Seamark 2005).  

F I G .  1 .Updated distribution of Laephotis botswanae. Grey squares = previously 

published records, black triangles = new records. See Appendix 1 for locality and specimen 

details.

The single, previously unpublished, specimen record from 
Mozambique, mentioned in Monadjem et al. (2010a), represents 
the first recorded locality of the species in the country (see Fig.1; 
African Chiroptera Report 2011; Monadjem et al. 2010b). The 
specimen was captured at Mt Mabu, roughly 100 km ESE of the 
Mt Mulanje localities in Malawi. This specimen was mist netted in 
remnant natural vegetation bordering an abandoned tea plantation 
at the base of the mountain at an altitude of 550 m. Forest type 
at this altitude represented a transition zone between lowland 

miombo woodland and montane evergreen forest. The biome class 
of Olson et al. (2001) is tropical/sub-tropical broadleaved forest.

The new locality record for L. botswanae in South Africa, from 
Kwalata Game Farm (see Appendix 1 for locality and specimen 
details), is the fifth-recorded locality for the occurrence of this 
species in the country, and the first record of the species in 
Gauteng Province (see Fig. 1). Kwalata Game Farm is 138 km 
south of the closest previously known record of L. botswanae 
from Klipfontein 54 JS in the Waterberg in Limpopo Province 
(Herholdt 1989). This specimen was mist netted within riverine 
vegetation along the Pienaars River.

Information for nine new (previously unreported) specimens 
of L. botswanae from Malawi, Namibia and Zimbabwe are also 
included in Appendix 1. However, these specimens were captured 
at previously reported localities. 

E C h o L o C A T I o N - C A L L  P A R A M E T E R S

Echolocation-call data were obtained from eight individuals of 
L. botswanae. Seven animals captured in Malawi were hand-
released and a 1.7 second call sequence recorded from each. 
Calls were recorded using a Petterson D240x ultrasound detector 
(Pettersson Electronik AB Uppsala Sweden), expanded 10 times, 
and transferred onto a Cowon-iAudio X5L mp3 player (Cowon 
Electronics http://www.cowon.ch/index.html). The iAudio had 
a sampling rate of 48 kHz and bit rate of 320 kbps (“lossless 
mp3”). Calls were analysed using the sound analysis software 
Raven Pro 1.3 (Cornell Lab of Ornithology, Bioacoustics Research 
Program, http://birds.cornell.edu/brp/raven). Audio data was 
transferred to Raven Pro with a sampling frequency of 44 kHz, 
which translated to an effective sampling rate of 440 kHz, and 
8 bits per sample, when calculating frequency grid spacing 
or resolution (because Raven Pro accounts for the 10x time 
expansion factor embedded in the recording from the D240x). 
This corresponded to a frequency grid spacing (i.e. the frequency 
resolution of the spectrogram) of 431 Hz, or roughly half a kHz. 
Spectrograms were generated by a Fast Fourier Transformation 
(FFT) using 1024 samples, a 3 dB Filter Bandwidth of 1239 Hz and 
a Hanning-Window. Call parameters represent means from a call 
sequence from a single individual (up to 10 calls per sequence). 
To ensure that the identity of hand-released individuals could 
be traced back to a voucher specimen from the same location, 
biopsies of wing tissue were collected from all but one of the 
seven individuals hand-released in Malawi. While a full analysis 
has not yet been conducted, biopsies from three of the seven 
individuals were sequenced yielding two 16S RNA sequences and 
one cytB sequence (D. Pio, University of Lausanne; unpublished 
data). Sequence data (cytB) was additionally extracted from all 
collected specimens from Malawi and Mozambique (F. Mayer, 
Museum für Naturkunde; unpublished data), but these datasets 
have not yet been linked together. Therefore the hand-release 
calls from Malawi are primarily derived from species identifications 
in the field. The remaining biopsies are preserved in 90% alcohol, 
under the custody of MC at the ETH Zurich. The material is thus 
available for future analysis.

The single animal captured at Kwalata Game Farm was 
recorded, using a Tranquility III (Courtpan Design Limited, UK) 
time expansion detector as it was flying in a room (± 5 x 6 x 
2.5 m). The recordings were transferred from the detector to 
a Mecer Xpression Notebook and analysed in Batsound Pro 
(Pettersson Elektronik AB Sweden), at a sampling rate of 44.1 
kHz, 16 bit stereo, time expansion set at 10, and a threshold 
of 15. Frequency information was ascertained using the Fast 
Fourier transformation (FFT) power spectrum (size 1024, using a 
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Hanning Window). A minimum threshold of -55 dB was used in the 
assessment of frequencies to improve the signal-to-noise ratio. 
From a set of 20 calls, six calls were analysed. 

Using the above data, five call parameters were measured 
1) call duration (ms duration from the onset of the call to the 
end of the call), 2) peak frequency (the frequency that contains 
the maximum energy/intensity measured in kHz), 3) minimum 
frequency (of the call measured in kHz), and 4) maximum 
frequency (of the call measured in kHz) and 5) bandwidth 
(calculated in kHz by subtracting minimum frequency from 
maximum frequency for each call). Call duration was measured 
from the oscillogram, while the other measures were made from 
the power spectrum.

The echolocation calls of the room-flown L. botswanae were 
low duty-cycle, frequency modulated (FM), with a short mean 
duration of 2.68 ms (±1.09 ms), a mean peak frequency of 37.13 
kHz (±2.37 kHz), and a mean bandwidth of 26.43 kHz (±11.49 
kHz) (see Fig. 2). In Malawi, hand-released bats produced slightly 
longer FM-QCF (quasi-constant frequency) calls that had similar 
frequency parameters: mean duration = 4.73 ms (±1.10 ms), mean 
peak frequency = 32.34 kHz (±1.42 kHz) and mean bandwidth = 
29.72 kHz (±9.62 kHz). The calls of six of the individuals recorded 
in Malawi were conducted in open space habitat, whereas one 
of the individuals was recorded in dense clutter in the forest 
understory. The call sequences from cluttered habitat exhibit a 
smaller bandwidth in comparison to open space (20.60 kHz ± 4.18 
kHz in clutter versus 31.8 kHz ± 9.3 kHz in open space) which can 
be explained by a lower maximum frequency (48.94 kHz ± 4.6 kHz 
in clutter versus 60.78 kHz ± 9.33 kHz in open space). However, 
the lack of comparative sample sizes restricts interpretation, 
therefore in Table 1 means are calculated from calls in both 
habitats.

F I G .  2 A .

F I G .  2 b .

F I G .  2 C .
Echolocation calls of Laephotis botswanae: A) & B) from TMSA 48323 in South 

Africa, which was room-flown, and C) from an individual (field number 2007-586) 

released by MC and MK in Malawi in an uncluttered environment. A) shows a potential 

double orientation pulse induced by the room-flown environment (e.g. Fenton and 

Thomas, 1980), while B) shows a more representative echolocation pulse with minor 

echo. However, C) is likely most representative of a search phase call for the species.

Table 1 indicates how these parameters differ slightly to those 
previously reported by Fenton (1975), Fenton & Thomas (1980), 
Fenton & Bell (1981), Taylor (2000), and Monadjem et al. (2010b). 
The work by Fenton (1975), Fenton & Thomas (1980), and Fenton 
& Bell (1981), was conducted at the Hostes Nicolle Institute 
of Wildlife Research, in the Sengwa Wildlife Research Area, in 
Zimbabwe in January 1975 and June 1977, and they reported 
information for Laephotis that were identified as L. angolensis. 
Although the species relationship between L. angolensis and L. 
botswanae remains unresolved (Kearney & Seamark 2005) and 
should be tested by additional information, such as molecular 
sequences, specimens of Laephotis from Sengwa in the Bulawayo 
Museum collection that were included in the analyses in Kearney 
and Seamark (2005), plotted with other individuals in a group 
identified as L. botswanae and separate from two individuals 
identified as L. cf. angolensis. Subsequently, another five 
specimens from Sengwa, identified in the Royal Ontario Museum 
collection as L. angolensis have been measured by one of the 
authors (TK), following Kearney & Seamark (2005), and identified 
as L. botswanae (see Appendix 1). Hence, it is now assumed, 
also by Monadjem et al. (2010b: 432), that the species reported 
by Fenton (1975), Fenton & Thomas (1980), and Fenton & Bell 
(1981), was L. botswanae. 

Unfortunately, the number of individuals recorded, the context 
of the calls, and the geographic location were not stipulated 
for the call data of L. botswanae reported in Taylor (2000) and 
Monadjem et al. (2010b). Variation in the echolocation call of 
individuals within a species, as indicated in Table 1, may have 
one, or several explanations. Hayes (2000: 227) suggests 
differences in equipment may confound recordings, whereas 
Kalko & Schnitzler (1993), Obrist (1995), Guillen et al. (2000), and 
Sedlock (2001) indicate that call variation may also be associated 
with variation in the environmental context of the bat, variation in 
environmental variables, and subtle morphological changes within 
a species, which may or may not be associated with variation 
across the geographic range of a species. Fenton & Thomas 
(1980: 83) indicated the calls of bats flown in a lit room, including 
those of Laephotis, produced double orientation pulses that were 
not seen in calls of bats flown under natural conditions. Fig. 2A 
and Fig. 2B illustrates the echolocation pulses of the individual 
caught in South Africa (TMSA 48323), showing the possible 

L A E P H O T I S  B O T S W A N A E



Durban Natural Science Museum Novitates 3442 

double orientation pulses also recorded in this study. More 
importantly, the slight variations between the call parameters 
of this study, as well as previously published records (Table 1), 
corroborate the importance of the context in which a bat is flying. 
Accordingly, call recordings were taken a few seconds after bats 
were released by hand, to allow the bat time to orientate, and 
initial calls were excluded from analysis as they are often shorter, 
steeper, orientation calls and not representative of search phase 
echolocation parameters. Fig. 2C represents a call from Malawi, 
recorded from a hand-released bat (collectors: MC & MK, field 
number: 2007-586). 

R E M A R K S

Prior to Monadjem et al. (2010b) reporting the first records 
of L. botswanae from two localities in northern Namibia and 
the third locality in Botswana, Kearney & Seamark (2005) had 
calculated, using Rutherford & Westfall (1994) and Olson et al. 
(2001), that 75 % of the L. botswanae records were associated 
with the savanna biome, while 25 % of the localities, which were 
most of the localities of L. botswanae in Malawi, fell within the 
grassland biome. According to the classifications by Olson et 
al. (2001), the new localities in Botswana at Gomoti River and 
Kwetsani Island, and in Namibia at Lianshulu Lodge, fall within 
the ‘flooded grassland and savanna’ biome and the ‘Zambezian 
flooded grasslands’ ecoregion, while the other locality in Namibia, 
85 km from Tsumkwe, as well as Kwalata Game Farm in South 
Africa, and Mt Mulanje in Malawi, all fall within the ‘tropical and 
subtropical grasslands, savannas and shrubland’ biome, but in 
different ecoregions of ‘Kalahari Acacia-Baikiaea Woodland’, 
‘Southern African Bushveld’, and ‘Eastern Miombo Woodland’ 
respectively. The Rutherford & Westfall (1994) data available for 
South Africa, Namibia and Botswana, also have all these new 
localities falling within the ‘Savanna’ biome. The exception to 
this association, of L. botswanae with the savanna biome over 
most of its distribution, other than some grassland-associated 
specimens in Malawi, is the record in Monadjem et al. (2010a) of 
L. botswanae from Mozambique. According to the classifications 
by Olson et al. (2001), this locality in Mozambique is within the 
‘Tropical and Subtropical Moist, Broadleaf Forest’ biome, and the 
‘Southern Inhambane Coastal Forest Mosaic’ ecoregion. 

Although there seems to be some disparity as to the specific 
habitat associations of L. botswanae, biome and ecoregion 
delineations are very coarse spatial units with considerable 
habitat heterogeneity within each unit (Olson et al. 2001). Recent 

advances in macro-ecology have facilitated the development 
of finer-scaled distribution maps for many species of African 
Chiroptera through ecological niche modelling of species-
occurrence data (e.g. Elith et al. 2006). 

Monadjem et al. (2010b) provides a starting point by which 
habitat associations (either to discreet habitat classes such as 
biomes and ecoregions, or to continuous environmental data and 
vegetation cover) may be analysed across the entire predicted 
range of a species, rather than to individual collection localities 
which may be strongly influenced by logistic limitations and 
sampling bias. It is expected that new distribution data will be 
available across the majority of African Chiroptera in the near 
future (J. Fahr pers. comm.) which could provide an excellent 
setting to test theories of macro-ecological habitat associations 
and to highlight collection gaps. At the same time, the paucity of 
records of L. botswanae (as with many other African bat species) 
requires that the validity of predictive distribution maps be tested 
with new locality information collected in the field in order to 
improve their accuracy and precision. 

At a local level, consultation of the primary literature relating to 
the collection of specimens could yield new information regarding 
the habitat preferences of L. botswanae. For example, although 
the Malawi specimens and other individuals recorded by MC and 
MK fall under the biome of ‘tropical and subtropical grasslands, 
savannas and shrubland’, the species was recorded in relatively 
large numbers (ca 12 % of a total of 56 individuals) in lowland 
evergreen forest at the base of the mountain. Therefore, although 
the locality records of L. botswanae may be sparse across its 
range, and its habitat associations largely biased towards more 
open habitats, finer-scale associations may yield new information 
about the use of habitats by the species across a landscape. The 
five new specimen records of L. botswanae reported here from 
the Hostes Nicolle Institute also identify another locality where this 
species appears to be more abundant than at other localities. Thus 
the new records reported here show support for the species’ listing 
of IUCN Red List Least Concern (LC, Schlitter 2008) and suggest 
more extensive fieldwork will continue to improve our understanding 
of the distribution, habits, and habitat associations of the species.

Since L. botswanae is a rarely caught species with very 
few prior echolocation-call recordings (Stanley & Kock 2004; 
Kearney & Seamark 2005; Monadjem et al. 2010b), the call 
information presented here, associated with voucher specimens, 
is informative in the context of where and how it was recorded. 
The recordings of the individual from South Africa might be seen 

# INDIVIDuALS CoNTEXT
MAX 

(Khz)
MIN 

(Khz)
bANDWIDTh 

(Khz)
PoWER 
(Khz)

DuRATIoN 
(MS)

This study (South Africa) 1 Flown in naturally 
lit room

55 29 26 37.13 2.68

This study (Malawi) 7 Hand-released 58.63 28.91 29.72 32.34 4.73

Fenton (1975) 3 Flown in lit room 65 35 30* - -

Fenton & Thomas (1980) - Free flying 65 35 30* - 2-7

Fenton & Bell (1981) 4 Free flying 55 32 23 33 5

Taylor (2000) - - 55 32 23* 33 5

Monadjem et al. (2010) - - - - 22 33 5

Echolocation-call parameters recorded from L. botswanae specimens at Kwalata Game Ranch (South Africa) and Mt Mulanje (Malawi), 
compared with information from Fenton (1975), Fenton & Thomas (1980), Fenton & Bell (1981), Taylor (2000) and Monadjem et al. 
(2010b).* = calculated for this table. – = not specified in publication.

T A b L E  1 . 
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to be compromised, in being from a room-flown individual (Fenton 
et al. 2004) and made with a fairly inexpensive time expansion 
bat detector and thus may not be entirely representative of 
search-phase calls of L. botswanae. Given the variation that 
can potentially be found in the recorded echolocation calls of 
a species (Obrist 1995; Guillen et al. 2000; Sedlock 2001) 
it is important that call reference libraries attempt to include 
information from calls that would cover as much of this variation 
as possible. In the present study, the call data from the individuals 
recorded in Malawi does well to cover different flight contexts. 
Interestingly, variation of call parameters was negligible between 
individuals even though levels of clutter at the release sites 
ranged from open space to densely-cluttered. Furthermore, 
distance of bats from the microphone (close or distant) also did 
not seem to result in notable differences between calls. Finally, 
the identity of most of the hand-released individuals recorded 
in Malawi can be verified by genetic comparison to collected 
specimens (through wing punches collected from most of the 
hand-released individuals). The coupling of genetic data with call 
data that covers different flight contexts greatly improves the 
usefulness of such reference calls. 
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Details of voucher specimens of Laephotis botswanae: * = new locality records, + = new specimen records from previously published 
localities. Following Ruedas et al. (2000), all these specimens have been examined and the species identification confirmed by either TK 
or MC. Museum accession abbreviations: BMNH – The Natural History Museum, London; MoM –Museum of Malawi; MHNG – Museum of 
Natural History, Geneva; ROM – Royal Ontario Museum, Ontario; SMW – State Museum, Windhoek, Namibia; TMSA – Ditsong National 
Museum of Natural History (formerly Transvaal Museum), Pretoria. Collector’s number abbreviation: ECJS – Ernest C.J. Seamark (for 
specimens still to be lodged with a museum in Botswana); MW – Mirjam Kopp & Michael Curran (for a specimen lodged with the Museum 
of Malawi, but not yet accessioned). 

BOTSWANA: Gomoti River, Chitabe (19.42585º S; 23.41696º E): ECJS-6/2009*, ECJS-11/2009*. Kwetsani Island (19.24625º S; 
22.53737º E): ECJS-159/2009*.

NAMIBIA: 85 km Tsumkwe, Grootfontein (19.41667º S; 19.73333º E): SMW 10661*. Lianshulu Lodge, Mudum National Park, Caprivi 
(18.13333º S; 23.41667º E): SMW 14539*-14540*. San Michelle, Kwando River, Caprivi (17.86º S; 23.36º E): SMW 13587+, SMW 
13610+. Dose Pan, Kavango, Dumusfie Water (18.23333º S; 20.88333º E): SMW 10677+

MALAWI: Tea Research Foundation Forest, Mt Mulanje foothills, Mulanje District (16.0992º S; 35.6245º E): TMSA 48307*-48308*, MoM: 
MW-192*. Ruo Gorge, Hydro Station, Mulanje District (15.9715° S; 35.6548° E): MHNG 1971.010*-1971.011*. Zomba (15.38333º S; 
35.31667º E): BMNH 87.1137+

MOZAMBIQUE: Mount Mabu base camp, Zambesia Province (16.305806° S; 36.424222° E): MHNG 1971.009+.

SOUTH AFRICA: Kwalata Game Farm, Gauteng (25.3822º S; 28.31542º E): TMSA 48323*. 

ZIMBABWE: Hostes Nicolle Institute (18.16667º S; 28.21667º E): ROM 70984+, 70988-70990+, 88414+.
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