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INTRODUCTION

Bats are a critical component of most terrestrial

ecosystems, providing services such as pollination

(Jones et al., 2009), seed dispersal (Duncan and

Chapman, 1999; Djossa et al., 2008), consumption

of agricultural pests (Cleveland et al., 2006; Maine

and Boyles, 2015), and serving as bioindicators

(Jones et al., 2009). Specifically, bats have been

shown to play a major role in southern African agro-

ecosystems (Bohmann et al., 2011; Taylor et al.,
2013b). However, ecological studies in this region,

have been constrained by the difficulty of observing

and identifying bats in the field. Traditionally, bats

were surveyed in southern Africa using various live-

capture methods (Monadjem et al., 2010a), which

are typically labour intensive (e.g., Monadjem and

Reside, 2008) and yield low returns. The advent of

acoustic bat detectors has opened up opportunities

for remotely surveying echolocating bats without

having to capture them (Hayes, 2000).

Acoustic surveys now play a prominent role in

studies of bat ecology (O’Farrell et al., 1999; Hayes,

2000), including in Africa (Monadjem et al., 2010b).

Acoustic studies, however, are limited by the avail-

ability of bat echolocation call libraries that allow

the discrimination and identification of calls re -

corded from free-flying bats. This is particularly

true for tropical and subtropical regions where bat

species richness peaks (Willig and Bloch, 2006;

Schoeman et al., 2013). Two recent studies in south-

ern Africa have developed localized echolocation

call libraries using hand-released bats (Taylor et al.,
2013a; Schoeman, 2015). However, these call li-

braries may only be useful in the areas that they

were developed, as substantial regional variation in

call parameters has been observed (Thomas et al.,
1987; Barclay et al., 1999; O’Farrell et al., 2000).

There has been much debate over which type of

detector should be used to record echolocation calls

of bats (Fenton et al., 2001; Adams et al., 2012;

Britzke et al., 2013), and how the detector should 

be deployed (Broders, 2003; Gannon et al., 2003;

Milne et al., 2005; Britzke et al., 2013). Anabat 

detectors (Titley Australia) are a common type of

acoustic detector that use frequency division to
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record calls. Some previous limitations, such as po-

tential damage from water or inclement weather

(O’Farrell et al., 1999; Britzke et al., 2011, 2013),

have been overcome with changes in design. The

newest Anabat Express detectors (Titley, Australia)

have a waterproof case and microphone. Although

some studies have found Anabat detectors to be less

sensitive than other types of detectors (Fenton et al.,
2001; Adams et al., 2012), increased sensitivity

alone may not improve the probability of detection

(Britzke et al., 2013). Another potential shortcoming

of Anabat detectors is their use of use zero-crossing

that can miss some call details when compared with

full spectrum recorders (Fenton et al., 2001).

Nonetheless, Anabat detectors have been widely and

successfully used to monitor bat diversity and ac-

tivity in a variety of locations and habitats (e.g.,

Murray et al., 1999; Ochoa et al., 2000; Broders,

2003; Milne et al., 2005; Gorresen et al., 2008;

O’Keefe et al., 2014), and are a recommended or

preferred tool for conducting bat surveys in govern-

ment protocols around the world (Battersby, 2010;

Reardon, 2011; Sowler and Stoffberg, 2014; Rodri -

gues et al., 2015). Further, Anabat detectors are able

to store large numbers of calls and record in real-

time (Britzke et al., 2013). 

Differences in detectability across bat species

and families is an ongoing issue for studying bat as-

semblages and ecology, and requires further re-

search attention (Murray et al., 1999; Hayes, 2000;

Adams et al., 2012). Furthermore, the relationship

between activity and abundance, and thus habitat

suitability, is still not well understood, particularly

in Africa (Taylor et al., 2013a). While acoustic mon-

itoring of bats has been used to estimate activity and

abundance of bats (Broders, 2003), differences in

detectability for different bat species, and even dif-

ferent types of calls (e.g. search phase versus feed-

ing buzz), limits the ability to compare activity be-

tween different species (Adams et al., 2012; Britzke

et al., 2013). One way to address this shortcoming is

to calculate detection distances (the furthest distance

that a bat can be from a microphone and still have its

echolocation call detected) for different species

could allow for more direct comparisons in activity

levels between different species. Importantly, the

de tection distances of African bats are not known for

any detector.

The goal of this study was to develop an echolo-

cation call library and to estimate detection dis-

tances for bats in the savannas of Swaziland. Speci -

fically, we developed an echolocation call library

based on hand-released calls of bats captured.

Further, using the call parameters of each species,

we developed a set of filters to automate identifica-

tion of bat calls. We also determined detection dis-

tances for species in order to improve our ability to

directly compare levels of bat activity between dif-

ferent species.

MATERIALS AND METHODS

Study Site

The study was conducted in low-lying savanna of north-

eastern Swaziland covering an area of about 300 km2 (Fig. 1).

The area is mostly below 200 m above sea level, except for the

Lubombo Mountains in the east which rise above 500 m. The

climate is typically hot and wet in the summer months (Novem -

ber to March), and cooler and drier over the remaining months

of the year. Mean monthly temperatures for January and July are

26°C and 18°C, respectively and mean annual rainfall ranges

from 550–725 mm. The dominant vegetation on the study site

was savanna with riparian forest along rivers and major

drainage lines (for further detail on study area, see Roques et al.,
2001; Monadjem and Reside, 2008).

The bat community of this area has been relatively well sur-

veyed (Monadjem, 1998; Monadjem and Reside, 2008) al-

though new species continue to be added and at present 22

species are known from the region (Shapiro and Monadjem,

2016). Echolo cation calls of most southern African bats have

been described in broad terms (Monadjem et al., 2010a), but

few studies have compared calls between species within a geo-

graphical region (Monadjem et al., 2007; Taylor et al., 2013a).

Since bat echolocation calls may vary geographically (Thomas

et al., 1987, Barclay et al., 1999), call libraries should be devel-

oped in situ based on calls of bats captured within the study

area. To develop a regional call library, we captured bats either

in mist nets or harp traps between 2005 and 2016. We were un-

able to get useful hand-released calls from Nycteris thebai-
ca and Kerivoula lanosa. The two species of Pteropodidae

(Epomophorus wahlbergi and E. crypturus) known  from the

study area (Monadjem and Reside, 2008; Shapiro and Mo na -

djem, 2016) do not echolocate and were therefore not part of 

the study.

Recording of Echolocation Calls

We used the program ANALOOK (Chris Corben, version

4.8, http://www.hoarybat.com) to examine the recorded echolo-

cation calls following Monadjem et al. (2007, 2010b) and

Taylor et al. (2013a). We examined the echolocation calls of

hand-released bats and removed poorly recorded calls from 

the analysis. This included calls not showing the full bandwidth

for the species or passes consisting of just one or two notes.

Next we inspected the remaining passes (Anabat files) to find

search-phase calls which we selected for analysis because of

their consistency of structure (e.g. full-length pulses, no feeding

buzzes), although there was variation between individuals of the

same spe cies (see Appendix: pp. 183–187) (Britzke et al., 2011).

Where possible, we selected a series of ≥ 10 consecutive search-

phase notes and saved the measurements as a ‘params.txt’ file.

ANALOOK typically measures 10 call parameters (Britzke et
al., 2011), but only four of these have been shown to be useful
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in distinguishing between bats in other areas of southern Africa

(Taylor et al., 2013a). Since the bat species composition of our

study site (as reported in Monadjem and Reside, 2008) was sim-

ilar to that reported in Taylor et al. (2013a), we selected the

same four call parameters for analysis: Dur (duration of the

call), Fk (frequency of the knee), Fmin (minimum frequency of

the call), Fc (frequency of the flattest part of the call). 

Using these four parameters, we developed a filter for each

bat species or species-group in Analook, which were used indi-

vidually or together in a scan to automate the identification of

bat species or species groups. We tested the scan by comparing

the identifications made by the filters with a manual identifica-

tion of 305 Anabat files recorded on the 23rd of November 2015

in our study area.

Detection Distance

In order to determine the detection distance of different

species, we recorded hand-released bats at different distances.

Recordings were made with Anabat Express detectors (Titley,

Australia) on the default setting (sensitivity = level 8, ‘high’)

using the standard omnidirectional microphone made for the

Express detector, which can detect sounds within the range of

10–150 kHz (Broken-Brow and Corben, 2015). For low-duty

cycle bats, one observer released the bat, while three observers

stood at different distances from the bat, each holding an Anabat

Express detector. When the bat commenced flying, all observers

immediately turned off the detectors, in order to accurately 

assess the distance at which each bat was recorded. Initially, 

observers stood at 10 m, 20 m, and 30 m from the released bat;

if no call was recorded at the closest observer distance, we re-

duced distances, initially by 5 m, then 2 m, and finally 1 m, for

subsequent individuals of the same species. 

For high-duty cycle bats, one person held the bat while 

another made recordings with the Anabat detector, beginning at

1 m from the bat and walking away at 1 m intervals between

FIG. 1. Map of Swaziland with the north-eastern region that formed the study area outlined by the square. The inset shows the location

of Swaziland on the African continent

V = - 
πr3(cosq - 1) 

+
π(r2 -(r - d)2(r - d)

3 6

calls. Hipposideros caffer could not be detected at 1 m and

therefore detection distance began at 0.1 m and increased by 

0.3 m for each subsequent recording attempt.

We used mean detection distance to calculate a correction

factor for each species by calculating the volume of a half 

a sphere radiating out from the position of the bat detector in the

direction of the bat. The Anabat Express detector has an omni-

directional microphone, however, we assumed that recordings

from behind the detector would be significantly lower than in

front based on the results of an earlier study of Anabat SD2 de-

tectors which showed lower detection at 90 degrees compared

with head on (Adams et al., 2012). The volume of the half-

sphere correctly defines the region of detectability of a bat for

detection distances up to the height of the detector above the

ground. When detection distances are longer than the height of

the detector above the ground, the detection zone has to be 

reduced by the volume of the hypothetical sphere extending

below ground. The volume of the sphere above the ground was

calculated using the formula: 

where: q = π -cos-1 ; r = detection distance of the bat; d = height

of detector above the ground. The height of the detector above 

ground during this study was set at 1.5 m. We inserted mean de-

tector distances into the formula to give a detection volume (the

volume around the detector within which the bat is detectable)

for the different species of bats. The inverse of this volume rep-

resents the correction factor for that species; this value needs to

be multiplied by the activity or abundance of that species to

allow comparisons between species.

We downloaded Anabat files and visually examined the

calls. We classified the calls as ‘clear calls’ (clear, identifiable

notes of a bat call), ‘low quality calls’ (notes resembling a bat

call, but cut off or of very short duration), ‘indistinct noise’

d
r
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(notes that could not be readily identifiable as bat calls), or

‘blank’ (a file was made, but nothing recorded). We calculated

mean detection distance and standard deviation for each species,

based on clear and low quality calls; indistinct noise was not

considered. We determined maximum detection distance as the

maximum distance at which at least one note from at least one

released individual could be detected. 

We used Pearson’s correlation coefficient to test whether

mean detection distance was correlated with mean Fk (fre-

quency of the knee) for different bat species. We conducted all

statistical analyses using in the program R2.15.2 (R Core Team,

2014). All the necessary permits were obtained, and all handling

and capture of animals were in accordance with guidelines of

American Society of Mammalogy (Sikes et al., 2011).

RESULTS

We obtained call parameters of the 178 calls

from 145 individual hand-released bats (Table 1).

We used sonograms to show typical and variable

calls for each species (Appendix: pp. 183–187).

Based on our four call parameters different families

of bats could be distinguished, however, there 

was overlap between some species within families.

Within the family Molossidae, Chaerephon pumi-
lus and Mops condylurus showed overlap in all 

four call parameters (Table 1) but C. pumilus exhib-

ited more variation in call structure (Appendix: 

p. 185). The lower frequency calls, with Fk below

28 kHz, were identified with some degree of cer-

tainty as C. pu mi lus, but at frequencies above this 

it was not possible to separate M. condylurus from

C. pumilus.

Four small vespertilionid bats also showed con-

siderable overlap in their call parameters (Scoto phi -
lus viridis, Nycticeinops schlieffeni, Neoromicia zu lu -
ensis and Pipistrellus hesperidus — Table 1 and

Ap  pendix: p. 186). While S. viridis had lower Fmin

and Fc than N. zuluensis and P. hesperidus, it showed

overlap with N. schlieffeni, which in turn overlapped

with the other two species. The structure and shape

of calls of Myotis bocagii and M. tricolor was easily

distinguishable from that of other bats (Appendix: 

p. 186), however, these two Myotis species could 

not be acoustically distinguished from each other

(Table 1). 

There was little or no overlap between the

echolocation calls of different bat families, with the

exception of Molossidae and Emballonuridae (Table

1). The call parameters of C. pumilus-M. condylurus
completely overlapped with that of Taphozous mau-
ritianus (Table 1). Although the duration of calls 

of T. mauritianus were generally shorter than those

of molossids, molossids showed a wider range in

duration.

Comparing the efficacy of call identification 

by way of scanning in Anabat filters with manual

identification, the filter was slightly more conserva-

tive. Manually, 98 passes were classified as bat calls

(87%), while the scan classified 80 passes (75%).

Both methods identified the same species as pres-

ent, with the exception of one T. mauritianus
identified by the scan. The scan considered 27 calls

to be unidentifiable to species or species group.

Manually, 15 calls were not assigned to a species or

species group. In addition, manual identification 

resulted in slightly more calls being recognized 

as C. pumilus-M. condylurus (64 calls manual 

versus 52 calls by filter), Miniopterus natalensis
(2 vs. 1 call), Neoro micia nana (3 vs. 1 call), Scoto -
philus dinganii (10 vs. 9 calls), and other vespers

(19 vs. 16 calls). 

However, the scan did not identify any M. bo -
cagii or M. tricolor calls. Although the calls of My -
otis species can easily be visually distinguished

from other bats, due to their distinct vertical shape

(Appendix, p. ), the high variability in parameters,

particular Fk and Fc (Table 1), made it impossible 

to characterize the calls of these two species using

an Analook filter. Anabat files had to be manually

examined to identify Myotis calls. 

Detection distance varied greatly between spe -

cies (Table 2). Mops condylurus had the furthest 

detection distance, averaging 15 m, and a maxi-

mum of 30 m. Scotophilus dinganii and C. pumilus
had maximum detection distances of 20 m. Most

vespertilionid bats had maximum detection dis-

tances of 10–15 m. Rhinolophus darlingi could be

detected at a distance of 2 m, while Hipposideros
caffer was detectable at a maximum of 0.3 m. Two

additional species, Kerivoula lanosa and Nycteris
thebaica, were also tested, but yielded only indistin-

guishable noise. There was a significant negative

correlation between detection distance and fre-

quency of the knee (Fk) of the bats (r = -0.77, 

d.f. = 9, P < 0.01).

DISCUSSION

We present a relatively complete call library for

the north-eastern savannas of Swaziland as recorded

by Anabat detectors. This call library will facilitate

acoustic research on the bats of the savannas of

Swaziland and neighbouring South Africa and

Mozambique. We were unable to differentiate be-

tween all species as call parameters of some species

overlapped extensively, as was reported to be the

case in savannas to the north of our region (Taylor 
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et al., 2013a). In fact, such overlap in call parame-

ters of sympatric species or species with similar 

foraging niches is not uncommon in bats (Barclay,

1999; Russo and Jones, 2002). In particular, we

were not able to discriminate between the calls of

several similar-sized vespers namely P. hespe ridus,
N. zuluensis, and N. schlieffeni; a problem encoun-

tered in similar study in South Africa (Taylor et al.,

2013a). Two species, Neoromicia capensis and

Hypsugo achietae, were captured too infrequently

(Monadjem and Reside, 2008) to allow for hand-re-

leased calls to be recorded and may also possibly

overlap in call parameters (Monadjem et al., 2010a).

Except for N. schlieffeni, these species are also dif-

ficult to identify based on external features

(Monadjem et al., 2010a). Further work is required

                                                    Acoustic call library and detection distances for bats of Swaziland 179

TABLE 1. Four call parameters (mean ± SD) (min, max) of the 20 species of bats for which hand-released specimens were recorded;

n = number of individual bats, Files = number of Anabat files, Dur = duration, Fk = frequency of the knee, Fmin = minimum

frequency, Fc = frequency of the flattest part of the call (see text for further details)

Family and species n Files Dur Fk Fmin Fc

Hipposideridae

Cloeotis percivali 3 3 2.3 ± 0.04 103.1 ± 0.65 99.2 ± 1.02 102.6 ± 0.51

(2.2, 2.3) (102.6, 103.8) (98.1, 100.1) (102.2, 103.2)

Hipposideros caffer 8 8 4.8 ± 1.08 141.4 ± 1.97 121.2 ± 5.88 141.7 ± 1.69

(3.7, 6.7) (138.7, 144.3) (109.1, 127.3) (139.5, 144.0)

Rhinolophidae

Rhinolophus blasii 1 3 20.8 ± 0.72 86.3 ± 0.24 79.4 ± 1.86 86.2 ± 0.21

(19.9, 21.3) (86.1, 86.6) (77.9, 81.5) (86.0, 86.4)

R. clivosus 6 18 32.9 ± 5.35 91.5 ± 0.70 75.7 ± 3.15 91.3 ± 1.06

(23.3, 40.1) (90.0, 92.3) (70.4, 80.3) (88.9, 92.5)

R. darlingi 3 3 26.5 ± 3.74 85.7 ± 0.46 74.3 ± 4.28 85.6 ± 0.38

(22.6, 30.0) (85.2, 86.1) (70.8, 79.1) (85.2, 85.8)

R. simulator 3 8 16.8 ± 4.70 83.8 ± 0.18 72.1 ± 2.97 83.4 ± 0.20

(12.0, 25.9) (83.6, 84.1) (68.6, 76.0) (83.7, 84.2)

Emballonuridae

Taphozous mauritianus 4 4 2.7 ± 0.27 28.6 ± 0.60 25.1 ± 0.72 25.9 ± 1.20

(2.4, 3.0) (28.1, 29.5) (24.3, 25.9) (24.3, 27.2)

Vespertilionidae

Myotis bocagii 1 1 2.8 41.2 30.1 36.6

M. tricolor 9 10 2.4 ± 0.33 55.4 ± 10.8 38.0 ± 3.78 49.4 ± 11.4

(2.07, 2.72) (44.6, 66.2) (34.2, 41.7) (38.0, 60.8)

Neoromicia nana 3 4 2.8 ± 0.32 72.3 ± 2.08 69.7 ± 2.29 70.2 ± 2.25

(2.6, 3.2) (70.6, 75.1) (66.8, 71.8) (67.5, 72.2)

N. zuluensis 2 3 3.7 ± 0.67 46.6 ± 2.91 46.1 ± 2.82 43.6 ± 3.10

(3.0, 4.2) (43.3, 48.5) (39.9, 45.3) (40.1, 45.9)

Nycticeinops schlieffeni 5 5 3.1 ± 0.64 43.4 ± 1.67 40.1 ± 1.48 40.3 ± 1.29

(2.4, 4.0) (41.7, 45.4) (38.7, 42.4) (39.2, 42.4)

Pipistrellus hesperidus 14 15 3.1 ± 0.63 49.6 ± 2.42 45.3 ± 1.87 46.0 ± 1.83

(2.3, 4.5) (44.6, 54.3) (41.7, 49.1) (42.5, 50.0)

Scotophilus dinganii 15 17 3.8 ± 0.94 36.4 ± 1.61 33.2 ± 1.26 33.7 ± 1.44

(2.6, 6.1) (32.1, 38.6) (30.3, 34.7) (30.3, 35.6)

S. viridis 4 4 3.5 ± 1.55 42.7 ± 1.05 39.8 ± 1.33 40.1 ± 1.31

(2.0, 5.0) (41.6, 43.7) (38.5, 41.2) (38.8, 42.4)

Molossidae

Chaerephon pumilus 35 35 9.0 ± 2.10 26.1 ± 2.09 23.3 ± 1.41 24.0 ± 1.53

(3.9, 12.6) (22.5, 29.6) (20.8, 26.5) (21.3, 27.2)

Mops condylurus 16 17 4.3 ± 2.08 30.1 ± 2.03 25.1 ± 1.68 27.3 ± 1.56

(2.2, 6.4) (28.1, 32.1) (23.5, 26.1) (25.9, 28.8)

M. midas 1 6 14.2 ± 3.89 13.1 ± 1.08 11.8 ± 0.50 12.3 ± 0.72

Miniopteridae

(9.0, 20.7) (11.9, 14.5) (11.3, 12.5) (11.6, 13.4)

Miniopterus fraterculus 1 2 2.9 ± 0.32 63.6 ± 1.27 58.5 ± 0.50 59.2 ± 0.40

(2.7, 3.1) (62.7, 64.4) (58.1, 58.8) (58.9, 59.5)

M. natalensis 11 12 2.8 ± 0.37 57.0 ± 0.96 53.2 ± 0.87 53.6 ± 0.83

(2.2, 3.7) (55.5, 58.5) (51.3, 54.8) (51.6, 55.0)
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to determine whether it is possible to tease apart

these species within these pairs and groups that have

such similar call parameters. Despite some difficul-

ties in separating the calls of these species groups,

this call library will allow easy comparison of rela-

tive bat activity at the family or functional group

(Schnitzler and Kalko, 2001). 

Detection distance is a fundamental component

of the probability of species detection, but there is

virtually no information available on the detection

distances of bat species with Anabat or other bat 

detectors. Having a standardized factor for detection

probability for a region will provide substantial 

improvement in the accuracy of relative activity lev-

els estimated across a suite of different species

(Hayes, 2000). Our correction factor, therefore, may

be critical to acoustic surveys conducted in this 

region and may inform similar research in other 

regions. Detection distances differ markedly across

species, from 0.3 m for Hipposideros caffer to a max -

imum of 30 m for M. condylurus. The negative cor-

relation between detection distance and frequency

of the call of bats has been reported before (Adams

et al., 2012) and makes sense on physical grounds

since high frequency sounds attenuate more rapid-

ly than low frequency sounds. The likelihood of 

detecting H. caffer is very low, and would only hap-

pen if an individual flew right past the detector. In 

contrast, because of the relatively large detection

distance, the activity levels of molossids and Sco -
tophilus species may have been over-estimated 

in previous studies. Obtaining accurate activity in-

dices across species is critical for assessing relative

population sizes, which may have important con-

sequences for monitoring and managing species 

or populations of conservation concern (Russo and

Voigt, 2016). 

We were not able to measure detection distances

for all bat species in the study area, and this is an 

obvious area for future research. In the meantime,

we suggest using the detection distances of con-

geners or closely related species within the same

family for species lacking their own detection coef-

ficient. It should be noted that the detection dis-

tances reported here will be sensitive to the detectors

in use. We re-commend that our correction factor be

only applied to studies that using Anabat Express 

detectors. Having said this, we hypothesize that

there will be a close correlation between detection

distances reported here and those obtained with

other detectors, and we suggest this as an area for fu-

ture research.

While there are limits to Anabat Express detec-

tors and the zero-crossing method, they are widely

used, and substantial datasets have been collected

using these methods. Monitoring protocols for South

Africa (Sowler and Stoffberg, 2014), Austral ia

(Reardon, 2011), Europe (Battersby, 2010), and the

United States (Loeb et al., 2015) suggest or recom-

mend using Anabat detectors. Hence, developing

correction factors using our method for other re -

gions may improve the accuracy of activity level es-

timates and impacts of development, such as wind

farms, on different species (Hayes, 2000).

Our results show that the use of complement-

ary capture techniques, in addition to acoustic 

TABLE 2. Mean (± SE) and maximum detection distances for 11 species of bats captured in Swaziland. The correction factor was

calculated as detailed in the Materials and Methods

Family and species n Mean distance (m) Maximum distance (m) Correction factor

Hipposideridae

Hipposideros caffer 3 0.2 ± 0.07 0.3 59.68

Rhinolophidae

Rhinolophus darlingi 1 2 2 0.0639

Vespertilionidae

Myotis bocagii 1 5 5 0.005167

M. tricolor 9 4.6 ± 0.73 10 0.006497

Neoromicia nana 6 5.8 ± 1.07 10 0.003433

Nycticeinops schlieffeni 1 15.0 15 0.0002387

Scotophilus dinganii 2 17.5 20 0.0001535

S. viridis 2 12.5 15 0.0004009

Molossidae

Chaerephon pumilus 5 12.0 ± 2.00 20 0.0004501

Mops condylurus 8 15.0 ± 2.67 30 0.0002387

Miniopteridae

Miniopterus natalensis 1 5 5 0.005167
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monitoring, are necessary to assess full bat species

richness in the region. Nycteris thebaica is an abun-

dant bat in the study area (Monadjem and Reside,

2008) but is difficult, if not impossible, to detect

using the Ana bat Express detector. Nycteris thebaica
is a whispering bat that produces very soft (low db)

echolocation calls that can be recorded with types of

de tec tor particularly time-expansion detectors (Mo -

nadjem et al., 2010a). However, even at 0.1 m, we

could not record clear acoustic calls on our Anabat

Express detector. Similarly, clear calls could not be

recorded with an Anabat Express for the rarely cap-

tured Kerivoula lanosa. Other species may be de-

tected, but only at close distances. The echolocation

calls of H. caffer, another common bat in the region

(Mo nadjem and Reside, 2008) can be recorded 

by Anabat detectors (Monadjem et al., 2007), but

only within 0.3 m. Rhinolophids may be detected at

a greater distance of up to about two metres away.

Further, in order to correct for the bias towards

larger, lower-frequency calling bats, the use of cor-

rection factors is necessary for any comparisons of

activity or abundance between species, func tional

groups, or families. 

In conclusion, this study presents a call library

for north-eastern Swaziland together with detection

distances of different bat species. Together, these

may be used to identify bat species recorded during

future acoustic surveys in the area. The detection

distances and correction factors can be used within

the region and our method for calculating detection

distances and correction factor can be tested on and

applied to other bat species across the globe. Cal -

culating the detection distances for local bat fauna

will greatly enhance the utility of acoustic surveys

and for the first time, allow for accurate compar-

isons in activity and abundance between species and

families. 
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APPENDIX

Sonograms of emballonurids (Taphozous mauritianus), hipposiderids (Cloeotis percivali, Hipposideros caffer), rhinolophids

(Rhinolophus blasii, R. clivosus, R. darling, R. simulator), molossids (Chaerephon pumilus, Mops condylurus, M. midas),

vespertilionids (Myotis bocagii, M. tricolor, Neoromicia nana, N. zuluensis, Nyctienops schlieffeni, Pipistrellus hesperidus,

Scotophilus dinganii, S. viridis), and miniopterids (Miniopterus natalensis, M. fraterculus) recorded in Swaziland
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APPENDIX. Continued
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