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Echolocation calls of twenty southern African bat species
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Echolocation data and sonograms are reported for twenty southern African bat species from 13 localities,
recorded with the Pettersson D980 time-expansion bat detector. Data for eight species have not previously been
reported. For seven species, two or more individuals were analysed in a range of situations, including hand-
held, tethered and free-flying (in a room and in different natural habitats}. Sonograms, and seven echolocation
calt parameters agreed, with a few exceptions, with published data for individual species. Although intraspecific
variation in echolocation call structure was documented, species tended to have recognisable ‘vocal signatures’,
particularly when dominant frequency and harmonic structure were considered. The latter variables are readily
retrieved by time expansion detectors, but not by frequency division or heterodyne detectors. Although generally
they should be interpreted with caution, recordings from room-flown (five species) and hand-heid (six species)
bats obtained during this study matched, reasonably closely, additional recordings and observations of naturally
flying individuals of the same species, using time expansion and heterodyne bat detectors. In four species,
recordings obtained from a known species flying in a room or hand-held enabled the accurate, a posteriori spe-
cies identification of unknown call sequences obtained during subsequent general recordings from bat feeding

areas.

Ultrasonic bat detectors are being used increasingly by bat re-
searchers, conservationists and amateurs worldwide to census
and identify bats in flight (Fenton & Bell 1981; Kuenzi &
Maorrison 1998; O’Farrell & Miller 1997: O’Farrell, Miller &
Gannon 1999a; Vaughan, Jones, & Harris 1997a), as well as
to investigate the relationship between echolocation, flight
morphology and foraging ecology (Fenton, Gaudet & Leon-
ard 1983: Fenton 1985; 1986; Aldridge & Rautenbach 1987;
Norberg & Rayner 1987; Barclay & Brigham 1991; Bowie,
Jacobs & Taylor 1999). Their use in southern Africa has been
limited, and data on echolocation calls of local species are
largely lacking (but see Fenton & Bell 1981; Fenton ef al.
1983; Fenton 1986; Aldridge & Rautenbach 1987, Ryvdell &
Yalden 1997). Fenton & Bell (1981) obtained sonograms of
23 species of bats at Sengwa (Zimbabawe) using a bat detec-
tor, period meter, recorder and dedicated oscillogram. They
examined the usefulness of bat detectors for the 1dentification
of individual species in the Zimbabwe assemblage, compared
to less species-rich bat communities in Arizona, New York
and northeastern Ontario, and concluded that at Sengwa post-
tive identification from calls was only possible during the dry
season when bat activity was much reduced. Aldridge & Rau-
tenbach (1987) obtained sonograms for 16 species from
Pafuri in the Kruger National Park in South Africa.

Recent studies reinforce the notion that bat detectors can of-
ten provide accurate identification of bats in flight. O Farrell
et al. (1999a) concluded that, while 20-40% of ANABAT-re-
corded calls of bats belonging to the family Vespertilionidae
are non-identifiable, this is usually <10% for other families.
Vaughan et al. (1997a) found that multivariate analysis of
echolocation parameters from time-expanded recordings from
15 British species resulted in correct classification of 67% of
unknown FM calls, and 89% of FM/CF calls. On the other
hand, intraspecific variability in sonar signal design has long
been recognised (Griffin 1958; Obrist 1995). Sources of in-
traspecific variability in echolocation call structure, which

can confound species identification, include geographic loca-
tion (Thomas, Bell & Fenton [987: Barclay 1999), habitat
differences (Barclay 1999; Obrist 1995; Rhodes & Schnitzler
1998), sexual dimorphism (Whybird. Coles & Clague 1998),
individual variation (Obrist 1995), atmospheric attenuation
(Griffin 1971), and presence of conspecifics, or clutter (Obrist
1995). Barclay (1999) has further pointed out that bat echolo-
cation calls are not as complex or species-specific as bird
songs, although O’Farrell, Corben. Gannon & Miller (1999b)
have countered that, once intraspecific variation has been cor-
rected for, species-specific “vocal signatures’ can usually be
retrieved from sonograms obtained from the ANABAT sys-
tent using a qualitative approach. O’Farrell ef af. (1999a, b)
argued that qualitative parameters such as cal] shape and tem-
poral patterns of pulse production are mare useful in species
identification than adopting a purely quantitative approach.
Schwenk (1998) cautioned that frequency, duration and call
shape data obtained trom ANABAT recordings during a
Pennsylvania survey were insufficient to accurately identify
all species, and added that itensity and harmonic information
(not available through ANABAT recordings) would have
proved useful for identification.

The aim of this study is to present new echolocation data for
20 southern African species using a time-expansion Petters-
son D980 bat detector, particularly with the view to corrobo-
rating published echolocation data. assessing the extent of
intraspecific variation in call structure under deliberately var-
ied conditions, and assessing the potential usefulness of bat
detectors for routine identification of species in flight. Al-
though the use of recordings from hand-held bats, or from
room-flown low-duty cycle bats is not generally advocated
(Barclay 1999), they were inctuded in this study for two rea-
sons: (1) as a first estimation for hitherto unrecorded species
(see also O’Farrelt er af 1999a): and (2) in order to quantify
the nature of differences between hand-held, room-flown and
‘natural’ recordings of the same species. The relative
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usefulness of inexpensive (heterodyne or frequency division)
versus expensive (time-expansion) detectors is examined, in
terms of the ability of different call variables to resolve spe-
cies differences. Should intensity or harmonic information
prove crucial to species recognition, this would indicate the
need for more expensive time-expansion detectors. at least for
obtaining accurate species vocal signatures for building up a
basic call library. The echolocation calls summarised in this
article should provide a foundation for a proposed southern
African call library, whose goal should ultimately be to pro-
vide accurate vocal signatures for as many local species as
possible for future species-based surveys.

Material and methods

Recordings werc made with a Pettersson D980 bat detector
and Sony digital tape recorder. Using a mulimedia Pentium
personal computer with Windows 95, and the Batsound pro-
gramme (supplied by Pettersson Elektronik AB, Uppsala,
Sweden). calls were analysed, and sonograms produced. To
mecasure intraspecific variation, multiple sequences from dif-
ferent individuals were recorded in a range of circumstances
wherever possible: for example hand-held, flying in a room,
on rclease after capture and identification, tethered, and on
emergence from known-species roosts. In seven out of the 20
species, two or more individuals were recorded; the remain-
der were described from only single individuals. A total of 34
call sequences, containing 283 individual calls, was analysed.

In 27 of these 34 recordings, individuals were positively iden-
tified after capture, or at emergence from known-specics
roosts. taking care to stand at lease 15 m from the roost exit so
as to avoid social or other calls not associated with ccholoca-
tion. Seven unknown call sequences (from general recordings
from bat feeding areas) were identificd to species by, u poste-
riori. matching their sonograms and call parameters with pre-
viously obtained sonograms and call parameters of known
species (such individuals are indicated in Table 1). Independ-
ent factors, such as knowledge of species occurring in the
general area, proximity of known roosts, foraging behaviour.
flight pattern and overall body size, were also taken into con-
sideration in the identification of unknown call sequences.

Recordings were taken at the following 13 localities be-
tween March 1997 and September 1998: Umbilo Park. Due-
ban North and Newstead Park in the Durban area (KwaZulu-
Natal province of South Africa), Biggarsberg Conservancy,
Shongweni Resource Reserve, St Lucia Game Reserve,
Mkuzi Game Reserve, Dundee and Jozini Dam in KwaZulu-
Natal pravince of South Africa, Vrolijkheid Nature Reserve
and Farm Kersefontein in the Western Cape province of
South Africa, and Mlawula Game Reserve in Swaziland (Ta-
ble 1). One captive individual of Pipistrellus rusticus col-
lected at Messina Nature Reserve in the Northern Province of
South Africa was later recorded flying in a room at Durban
(Table 1).

Time-expanded recordings were analysed via Batsound to
produce sonograms. from which seven call parameters werc
obtained: minimum, maximum and dominant frequency‘
bandwidth (difference between maximum and minimum fre-
quency). harmonic structure (i.e. whether the measured com-
ponent represented the fundamental component or the second
or third harmonic), shape of call (CF-dominated. shallow-
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FM, steep-FM, steep-I'M followed by shallow-FM, or ‘quasi-
CF’, i.e. very shallow FM) and search call duration. Within a
sequence of calls (excluding calls assoctated with feeding
buzzes, or obviously ‘fragmented’ calls. as defined by O Far-
rell er al. 1999a), means and standard deviations were calcu-
lated for the following: minimum, maximum and dominant
frequency; bandwidth, and call duration. The above parame-
ters were recorded only for the component having the most
energy, for example the fundamental component for vespertil-
ionid, molossid, nycterid and emballonurid species, and the
second harmonic of rhinolophid and hipposiderid bats.

Results and discussion
Qualitative approach (sonograms)

Figure | presents sonograms of representative calls of each
species. Families or groups of families are plotted separately.
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Figare 1 Representative sonograms of 20 southern African bats, dc-
cording to family: Ay Emhallon, Saae (1 MA). Nycteridae (NTH) and
‘.’C;bélﬁiionidac (resty: B) Molossidae: €) Hipposideridac (CPE.
HCA). and Rhinolophidae (RCL. RDA. RS1}. Dominant frequencies
indicated in parentheses Hatched components indicate harmorics

Absence of shading for Mycteris thebana (NTIH) indicates low inten-
¢ loss ol higher frequencies

sity calls. Broken lines indicate variabl
n in Table 1

dte to attenuation. Explanation of species codes give
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Table 1 Echolocation parameters and mean forearm lengths (FA) for 36 species of southern African bats Families are listed in the same order as Fig 1
species are listed alphabetically under families. Published data were obtained from Fenton & Bell (1981) (F&B), from Sengwa, 7Zimbabwe, Fenton et a/ 1883
(FGL), from Sengwa and Mana Poocls National Park, Zimbabwe; Fenton (1986) (FEN) from Sengwa and from Luvuvhu South Africa, and Aldridge & Rauten-
bach (1887) (A&R) from Pafuri, Kruger National Park, Sauth Africa Parameters of calls of Miniopterus schresbersu recorded at De Hoop were used with the
pemmission of B S. Jacobs. Calis of individuat bals recorded during the present study are given codes (e g TMA) corresponding to those used in Fig 1 The
following mean (+ standard deviation) call parameters are shown minimum (FMIN), maximum (FMAX) and dominant frequency (DOMF), freguency band-
width (BAND), and maximum call duration (DUR). HARM indicates whether the recorded parameters refer to the fundamenial component (F), or 1o the sec-
ond or third harmonic (2, 3). Call parameters are shown only for the component having the most energy. usually the fundamental componeni of FM
{frequency moduiated) bats, and the second harmonic of CF-FM bats. Call type (TYPE) was expressed as steep-FM (stFM) shallow-FM (shFM), steep-shal-
low-FM {stshFM), very shallow FM, or ‘quasi-constant frequency’ (QCF), or constant frequency, usually with preceding or following shorl FM sweeps (CF-

FM) ‘N’ refers lo the number of individual calls analysed. Abbreviations of countries are as follows. SA = South Africa, SW = Swazland. Z = Zimbabwe

Farsly and Localiy Code/ FA Context N FMIN FMAX BAND HARM  DOMF DUR TYPE
species (Country} source {mm) (kHz) (hH») (kHz) (KHz) (ms)
Emballenuridae:
Taphozons mauriiianns Pafuri {SA) A&R 62 Flying {raom) - 15 59 44 20 shFM
Sengwa (7) F&B 62 Flying (open) 12 33 43 -3 25 I3 <hFM
Durban (SA) TMAL 62 Hand-held 8 226(11) 294(1.1) 6814 2 249020 25(03)  sFM
Miawula (SW)[ TMA2 62 Fiying (open} s WA 151 (0 don I- 301 4208 ~MFM
Mlawula (SW)[ TMA3 62 Flying (open) 12 234 (13 WI{08 6909 2 230015 24(0% <tEM
Umbilo (SA)! TMA4 62 Flyng(open) 1 99 156 57 r 128 18 ShEM
Umbtla (SA)'? TMAS 62 Flymg(open) 5 232(29) 268021 3T 2 @S5 140 P
Nycteridae:
Nycters grandi Seugwa (Z) FGL 64 Flymg (room) 32 17 Ho 93 F-4 20(1) u6-28 StEM
N thebacn Sengwa {Z) F&B 46 Flying {roomn) - 61 07 36 R 94 2 s FM
Mlawula (SW) NTH 46 Flymg (oper) 9 264 (06) 268(10)  ol1(12) B RN 13(03) SIEM
N woodi Sengwa {Z) F&D 38 Flymyg {ruom) - 3s 53 20 r i 2
Vespertilionidae:
Iptesicus capenvis Sengwa (Z) F&B 33 Flying (open) - 35 63 KU 2 0 5 -
Pafur (SA) A&R 33 Flyiag (open) 35 65 0 5 sIFM
Durban {SA) ECAL 13 Bhymg(oom) 7 367(07) 67505 081 I 10S@K)  33(10)  WFM
Vrolijklieid (SA) ECA2 33 Elvinglopen) 11 360(0.7) TR@6) WLKE2 1 WA@S) 6313 SIFM
1 melckormn” Kersctontein {SA) EME 33 Flying (open) R WIMD) S62(71H IR0 I ooz 28070 stIFM
Kernvoula argettan Sengwa (7) F&B 37 Flying (room) - 83 (20 33 F o0 118 2 B
Laephons horswatise Scngwa (Z) F&B 36 Flying {open) - 32 53 23 7 33 3
Muviapierus schrethersi Kcrscfontein (SA) MSCl 45 Flying {open) 4 34443 Slo@R)y 1724 K 623 408 'M
Shongweni (SA) MSC:2 45 Hand-held 8 36.2(5.0) S82AWY 221 (5%) r WO 3000 ~rFM
De tHoop (SA) -
open vier habifat MSC3® 45 Flying (open) 195 178 Slo - £ 44 -
Myvans tricolor Shangwent {SA) MTR 51 Tetliered £ 62 (20) 81719 47503 2y F 30027 35(09) SIEM
Nycticemops sehlieffeini Pafuri (SA) A&R 30 Flymng {open) - a2 7R 43 1 12 3 +FM
Sengwa (7) F&B 30 Flying {open) - an 78 43 - N -
Milawula (SW) NSC 30 Flymg{open) 3 3905(02) 4550 o004y F 1100000 3¥76) <FM
I* kulin St Lucia {SA) PKY 30 Flymg {open) 6 487 (04) 637(53%) 1700 F SO MH S 3I503) ~tFM
Papistretlus ponus Pafuri {SA) A&R 3 Flying {open) - 62 00 2% F - 5 StFM
Sengwa (7) F&B 31 Flying {open) - 62 Yo 28 F i 4 stFM
Jozmi (SA) INAL 1t Flying (open) 2 42.4(9) 82.1(-) T () F? ERE NS 504 st-shFM
Jozini (SA) PNA2 3t Flying (open) 4 674 (14) BOS(I.Ty 18913 r 127 1 8(03) SIEM
P orueppeth Pafuri (SA) A&R 34 Flying {room) - 40 0 30 4 SIFM
Sengwa (7) F&B 34 Flving (open) - 40 70 30 3 43 R NIRY|
7 orusdcis Messina {SA) PRY 28 Flying {room) is 468 (2.4) 778(5.2) S10(%4) | XT(1K) 280Gy NI
Neatopintus digunn Pafuri (SA) A&R 55 Flying (upen) - 38 S8 AR - b} NENIRY|
Sengwa (Z) F&B 35 Flywng (open) - 28 53 27 F 5} 13
Durban (SA) SDIt 35 Flymg{room)  §  323(11) 48505 16405 T 004y 48088 wM
Biggarsberg (SA) .
closed habitat NP S5 Flyiug (open) 9 368171 054(5S(y 283(5)) t 66y $7(1 2 a-shFM
Riggarsberg (SA).
open habitat spi’ 55 Flying(opep) b IO 40603 N 12203 I SR2) 7505 a-shT™M
Durban Naorth (SA) sSDi4? 55 Flying (vpen) 7 WRO.0Y 183K 210032 F LT B0y w-shEM
N veridey Paluri (SA) A&R 48  Flymy (open) 40 70 U - - N WI-shFM
Sengwa (Z} F&B 49 Flying (open) 34 59 43 I n 10 -
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Table 1 Echolocation parameters and mean forearm lengths (FA) for 36 species of southern African bats Families are hsted in the same order as Fig. 1,
species are listed alphabeticaily under families. Published data were obtained from Fenton & Bell (1881) (F&B), from Sengwa, Zimbabwe, Fenton ef a/ 1383
(FGL}, from Sengwa and Mana Paols National Park, Zimbabwe; Fenton {1886) (FEN) from Sengwa and from Luvuvhu, South Africa, and Aldnidge & Rauten-
bach {1987} (A&R) fram Pafuri, Kruger Natignal Park, South Africa Parameters of calls of Miniopterus schreibersy recorded at De Hoop were used with the
permission of 0.S. Jacobs. Calls of individualt bats recorded during the present study are given codes (e ¢ TMA) corresponding to those used in Fig 1 The
following mean (* standard deviation) call parameters are shown. minimum (FMIN), maximum (FMAX) and dominant frequency (DOMF), frequency band-
width {BAND), and maximum call duration (DUR) HARM indicates whether the recarded parameters refer to the fundamenta! component (F). or to the sec-
ond or third harmonic {2, 3). Call parameters are shown only for the component having the most energy usually the fundamental component of FM
{frequency modulated) bats, and the second harmonic of CF-FM bats Call type (TYPE) was expressed as steep-FM (stFM). shallow-FM (shFM), steep-shal-
low-FM (stshFM), very shallow FM, or ‘quasi-constant frequency’ (QCF), or constant frequency, usually with preceding or following short FM sweeps {CF-
FM). ‘N’ refers to the number of individual calls analysed. Abbreviations of countries are as follows: SA = South Afnca SW = Swaziland, Z = Zimbabwe

Family and Locality Code/ FA Context N FMIN FMAX BAND HARM  DOMF DUR TYPE
species {Country) source (inim) (kHz) (kHz) (kHz) itz (ms)
Malossidace:
Chuaerephon ansorger Sengwa {Z) F&B 43 Flying (open) - 16 28 12 F 18 Is
' chapuy Sengwa (7)) F&B - Flying (open) - 19 27 8 I: R 10
O punilu Durban (SA} Crul 38 Plying (room} 7 228(14)y 470(10) 20222 I 20229 371 O)< tFM
Mlawula (SW) CPU2 38 Flyimpfopen) S 3S9(10) 20@ES) s:008 F 277¢20) 90(14)  <hFM
Newstead (SA) cpu3’ 18 Flying {open) s 20¢0.06) 287018 o7{I M F 2RTO8) 112¢13) <hFM
thnhilo (SA) cru4’ 38 Flywg{open) 1L 440D 28725 430 H | 250413)  124409)  shiM
O migeriae Sengwa (7) F&B - Flying {open) - o 26 16 I 17 HY
Mopy condyluras St Lucia (SA) MCO 47 Landing 6 227(B7) 1B8WBE leud F 247408 68(08) stFM
Utomapa martienssen Senpwa (7) F&B 64 Flying {open) - o 17 7 3 13 5-30 -
Durban North (SA) OMAI1 64 Flying {(open) 3 209¢0T) 29524 40(17) F 2609 573(129)  OCF
Usmnbilo {SA} OMA2 64 Emergence [ 3.4(03) 117335 54(06) F a2y 23387 OCF
Tadardu acgyplieca Sengwa (Z) F&B 48 Flymg {open) - s 26 t F 8 i -
Durban (SA) TAEI 48 Crawling 2 186 () 287 () 1) I 233 (- A (—); FM
Durban {SA} TAE2 48 Tethered 21 IB7(07) 31125 1240 %) F 247428) 4027y shiM
Biggarsberg (SA) tAEY 48  Flyimng (upen) 3 1R7(13) 232(19) 45(08) I 200020 70(2.6) shFM
¥ fulminany Senpwa (Z) F&nB 60 Flymyg (open) - {4 27 13 F 17 20 -
Pafun (5A) A&R 60 Flying (room) - 4 27 K 20 SHEY
T midas Pafuri (SA) A&R 60 Flyving (open) - 30 {2 shEM
Hippesideridae:
Cloeotis percnads Seagwa(Z) F&B 34 Flying (room) - 183 212 29 2 212 3 CF-FM
Jozini (SA) CPE? 34 Hand-held 13 LO12(11) 1042404) 30(10)  F 103502 34(06) CF-FM
Hipposideros caffer Scngwa {Z) F&B 48  Flying (room) - tos 138 a3 » 138 7 CF-FM
Sengwa (7) FEN 48  Flying (raam) - - 15027 287 29 8 CF-FM
Luvuvhu (SA) FEN 48  blying (rogin) - - 45425 277 a2 g CE-FM
Joziu Dam (SA) HCA 48 Flying (vpen) {4 13073 145¢(02) 11.9(7.4) 2 1435¢00) 6208 CFI'M
H commersont Sengwa {Z) F&B 98 Flying {open) - 53 62 7 20 1 12 CF-FM
Pafurt (SA) A&R 95 Flying {open) - 55 62 T hid 1 12 CF-FM
Rhinolophidae:
Rhmalophus clivosis Nundee {SA} RCL 32 Hand-held 21 7390(24) 943¢02) w0424 3 Doy D726 CEFM
R darinigy Miawula (SW) RDA 46 Hind-held 10 80.4(23) 86 2(01) 5833 R RSBH2y 35239 (Fam
R denn Sengwa (7) F&R 42 Flying (room) - 82 110 28 2 LD &) Cl-FMm
R Itdehrandn Sengwa (Z) F&B 64 Flymg (open) - 24-29 27-46 t7 i 37-46 13 CT-FM
Pafurt (SA) A&R 64 Flying (open) - €24 40 16 - - 13 (F-FM
R landers Pafuri (SA) A&R 42 Flying (room) - 105 1o § 2 - 15 CF-FM
R viamlator Sengwa (Z) F&B 46 Flying (room) - 64 78 14 27 78 10 CF-FM
Shangweni (SA) RSI 46 Hand-held 16 601(30) 827(04) 136(38) 2 81 8¢006y 175¢(39)y CF-FM
Roswyl Pafuri {SA) A&R 43 Flying (rvom) - {00 (s 3 R i5 CE-FM

. Witlun the same sequence calls were recorded which emphasized enther the tundamental or the first harmonic

=)

. The first harmonic (206-208 kH2) in (loestiy peresvali exceeded the detection range of the Pettersrson D980 bat detevtor but was demonstrated from recordings obtaned
simuitaneousty using an ANABAT detector (recordings made by D.S. Jacabs).

w

. Species identitication based on matching of unhnown call sequences with sonograms from positively dentitied individuals

IS

Measurement of maximum and dominant frequencies (and therefore bandwidth) for Avotis irieolor was ambiguous, because of (he effects of aimospheric attenualion of higher

frequencies, and the difficulty of distinguishing fundamental from harmonic trequencies

wn

. Duration taken for first discernible puise in a ‘train’ of pulses (including possible echoes?); duration of composite call was much longer, ¢ 40 50 hHz

6 Mean values of call parameters arc presented: data obtained with permission of D, Jacobs
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Calls shown in Figure 1a and b represent low duty cycle bats
(Fenton, Audet, Obrist & Rydcll 1995); for cxample species
which separate pulse and echo in time, to avoid deafening or
jamming themselves by not broadcasting and receiving at the
same time. Scarch call sequences of low duty cycle bats are
characterised by inter-pulsc intervals which greatly exceed
the duration of individual calls. By comparison, high duty cy-
cte bats (Figure 1c) separate pulse and echo in frequency so
that they can broadcast and receive simultancously. As a re-
sult, these bats can produce echolocation signals almost con-
tinuously, with inier-pulse intervals being shorter than call
durations. High duty cycle bats typically use doppler shift
compensation and an acoustic fovea to avoid deafening them-
selves, and also to enhance their sensitivity to the fluttering of
insect wings (Fenton er af. 1995).

Figure la represcnts the familics Emballonuridac, Nycleri-
dae & Vespertilionidae. Calls are characteristically steeply
frequency-modulated (FM). The shape of FM calls is highly
distinctive and usetul for identification (Fenton & Bell 1981;
O’Farrell & Miller 1997; O’Farrell et al. 1999a). This was
borne out in the present study. For example, the prescnce or
absence of a ‘heel’, or “bi-linear’ call shape (present in Sco-
tophilus dinganii, Miniopterus schreibersii, Myotis tricolor,
Pipistrellus rusticus, Pipistrellus  nanus, Eptesicus melcko-
rum and Eptesicus capensis) and its shape and position, was
found to be reasonably specics-specific and constant within a
species. The angle of the heel predicts accurately the domi-
nant frequency (shown in parentheses in Figure 1) of FM
bats. This was tested in two specics where a distinct ‘heel’

Spectrogram, FFT size 512, _Hanning window.
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was invariably present. In £, capensis and 8. dinganii the
dominant frequency was found to lie precisely on the angle,
or the point of maximum curvature, of the heel in 91% (n =
11), and 86% (n = 21) of calls respectively, with mismatches
occurring only in fragmented calls which tended to have no
heel or a poorly defined heel. [he length of the heel, and cor-
respondingly, dominant wavelength, can show intraspecific
variation, for example, duc to habitat differences, as docu-
mented in S. dinganii (Figure 2: Table 1), but, where multiple
calls have been measured for the same specics under different
conditions (c.g. 8. dirgani and M schreibersii) this variation
does not appear to detract from the distinctiveness of a spe-
cies call, particularly when the frequency range, call duration,
and patterns of pulse production. are also simultaneously con-
sidered. Patterns of pulse production can be nseful in certain
instances; for example, calls of Taphozous mauritianus werc
emitted in two's or three's separated by longer intervals.
while in M. schrebersii, minimum frequency followed 4 ris-
ing and falling pattern (contrary to most other specics where
it was remarkably constant), at least for recordings of one re-
leased individual

Certain broad-band ['M species show a tendency for atmos-
pheric attenuation of the higher frequencies, as indicated for
Miniopterus schreibersii, Myotis tricolor and Eptesicus cap-
ensis in Figure 1a (shown by dotted lines), and as recognised
by high variability in measurements o maximum frequency
(sce Table 1, and discussion below under Quantitative ap-
proach). This problem. which confounds species identifica-
tion, has long been recognised (Griffin 1971). The sonogram

-90 dB -70 dB -50 dB -30 dB -10 dB

f

100kHz - 4B 0dB ,
20 dB Closed habitat -20 dB Open habitat
. _40dB (41 kHz)
-60 dB
| -80 dB
-100 dB
2ol
50 kHz 100 kHz 50 kHz 100 kHz
| 41.0 kHz, -51.5 dB Distance: 41.05 k- 39.0 kHz, -51.0 dB Distance: 33.04 kt
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Y 4 : : 4
0.1000 0.1100 0.1200 0.1300 0.1400 0.1500 sec.

Figure 2 Sonograms of represemative calls taken from different sequences of Scotophilus dinganu recorded in closed (left sonogram) and
open (right sonogram) habitats at Bigparsberg, KwaZulu-Natal Inscts represent frequency-intensity graphs of the corresponding sonograms.
depicting dominant frequency peaks. Note the longer *hee!” (and therefore longer call duration) and lower dominant frequency in the open hab-

itat. Lach imterval on the horizontal time axis represents 10 ms
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(Figure la) and data (Table 1) for Eptesicus melckorum, col-
lected from individuals collected and released at the type lo-
cality of the species (Farm Kersefontein, Berg River. in the
Western Cape). differs slightly in dominant and maximum
frequency from calls of £ cupensis recorded during this
study. but this may be at least partly due to problems of high
frequency atlenuation in calls recorded at varying distances
from the bat detector microphone. Kearney (personal commu-
nication) considers E. melckorum to be conspecific with £
capensis based on morphological and karyological data.

Figure b shows sonograms of free-tailed bats, family Mo-
lossidae. Calls tend to be longer in duration with shallower
FM calls at a lower frequency than for the previous bats. Both
Chaerephon pumila (CPU) and Tadarida aegyptiaca (TAL)
showed the variable presence of either one or more harmonics
(indicated in Figure 1b by a hatched fill).

Recordings of Otomops martiensseni were made as individ-
uals emerged {rom a known roost in the roof of an apartment
in Umbilo, Durban. A loud, audible (9-15 kHz), long-dura-
tton (28 ms) call, having up to three harmonics, and a very
narrow bandwidth (*quasi constant frequency’, or QCF) was
emitted in pairs at emergence (Figure |b). Published data for
O martiensseni indicate a very similar echolocation struc-
ture, although wide variation in call duration (5-30 ms) was
reported (Fenton & Bell 1981; Table [). Based on only three
calls analysed. a distinct call structure was recorded from in-
dividuals released outside their roost in a residential house in
Durban North (Table I: not shown in Figure 1b); these QCF
calls were of very long duration (57 ms), and ranged in mcan
frequency from 25-30 kHz (dominant frequency was 26
kHz). These calls did not appear to represent the sccond har-
monic of the previous call type, since they produced second
and third harmonics at around 50 kHz and 75 kHz. Based on
its low ccholocation frequency and the long, narrow wings,
Rydell & Yalden (1997) predicted that the species should be a
high-flying moth specialist, a prediction bom out from dietary
analysis.

Finally, sonograms of the high duty cycle bats belonging to
the families Rhinolophidae and Hipposideridae (supcrfamily
Rhinolophoidea) typically have high frequency. CF-domi-
nated calls (Figure 1¢). The highest known frequency for a
CF bat is the hipposiderid, Cloeotis percivali (CPE) (212
kHz: Fenton & Bell 1981), which, in the present study, had a
fundamental frequency of 104 kHz and a (predicted) second
harmonic of 208 kHz. The frequency of the second harmonic
excecded the frequency threshold of the Pettersson bat detec-
tor, and only the fundamental component was visible, but the
presence of a sccond harmonic was confirmed by means of
the sunultancous recording of individuals of the same colony
at Jozini Dam. using the ANABAT system (D.S. Jacobs, per-
sonal communication, 30* November 1997). A second hippo-
siderid included in this study, Hipposideros caffer (11CA),
had a CF component of 144 kHz of relatively short duration,
followed by a FM sweep.

Horseshoe bats (Family Rhinolophidac) tended to have
longer duration calls than hipposiderids (Figure lc). espe-
cially Rainolophus darlingi (RDA) (40 ms), which had a CF
portion at 86 k11z. and FM portions before and after; R. simu-
lator (RS1) had a CF portion of 83 kHz followed by a FM
sweep, while R ¢/ivosus had a CF component of 94 kHz. In
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R. simuiator. the FM component is probably a first harmonic
as part of the FM sweep. is represented at half the frequency
It is well known that Curopean Rhinviophus emphasize the
second harmonic. with the fundamental component being
much softer or even absent (Vaughan ¢z ul. 1997a).

Quantitative approach

Table I includes summary statistics for call parameters from a
total of 283 individual calls contained in 34 scquences ob-
taincd from the 20 species included in the present study. Be-
cause of the small sample sizes of calls available for most
sequences (mean of 7.9 calls per sequence), as well as the fact
that data for 13 species were based on only a single individ-
ual, further quantitative analysis. such as discriminant analy-
siy, principal component analysis, or analvsis of variance
(ANOVA). was not attempted. However. cocfticients of vari-
ation (CV) of call parameters provide an index of the con-
stancy of these variables within analysed sequences, and
hence their usefulness for species identification. CVs for call
duration were considerably higher (0% to 65.8%) than for
minimum frequency (1.1 15.4%). maximum {requency (1.0 -
13.6%), dominant frequency (0.1-10.8%). and somecwhat
higher than for bandwidth (7.5-53.2%). Greater variability in
temporal variables (call duration and inter-pulse interval)
compared to spectral variables has also been noted by other
workers (Obrist 1995: O Farrell ¢r «f. 1999a). O'Farrell ¢t af.
(1999a) noted extremely low CVs for the genus Preronotus
for both minimum frequency (0-0.25%) and maximum {re-
quency (0-0.34%). suggesting that these characters were
highly reliable indicators of specics 1dentity. Similar values
have been obtained 1n the present study for maximum fre-
quency (0.1-0.5%) and dominant frequency (0.1-0.7%) for
high duty cvcle bals ot the families Rhinolophidae and 1lip-
posideridae, indicating their usciulness for species identifica-
tion in these families. With the exception of Miniopterus
schreibersii, in which minimum and dominant frequency ap-
pear rclatively variable (CV 13.1-15.4% and 6.3-10.8% re-
spectively), minimum frequency and dominant frequency
appear to be less variable (and hence more useful) than maxi-
mum frequency in Nycteridae (2.9% and 1.8%. compared to
3.7%), Vespertilionidae (0.5 5.3% and 0.8 5.0%, compared
to 1.0-13.0%). and Molossidae (2.8-7.0% and 1.9-9.9%.
compared to 2.1- 13.6%). probably owing o the cffects of at-
mospheric attenuation on higher frequencies. The high CV
for mintmum frequency in M. schrethersii correlates with the
observation of a -rising and falling” pattern of pulses noted
carlier for this species. D.S. Jacobs (personal communication)
has also found high CVs for minimum frequency tn record-
ings of M. schreiborsii in lwo open habitats at De Hoop Na-
ture Reserve in the Western Cape province of South Africa
(8.8—14,1%). but not in a cluttered habitat (2.2%). |n the Em-
ballonuridae, minimum. maximum and dominant frequency
have similar CVs (4.9-12.5%; 2.6-11.7% and 6.0-10.3% re-
spectively).

Comparison with published data

Table | summarises data for 36 southern African species.
based on the present study as well as the literature. Of the 36
species. eight have not previously been recorded. 12 are com-
mon to the present and previous studies. and 16 are based
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entirely on previous studies. As such, comparison of data
from species common to the present and previous studies pro-
vides a measure, either of measurement bias, or of intraspe-
cific variation due to geographical, habitat or other factors.
Strong concordance between the present and past studies,
using very different techniques, would imply a measurc of the
robustness and usefulness of echolocation data for species
identification. From Table 1, data from the present study
show a high degree of concordance for the 12 species meas-
ured previously by Fenton & Bell (1981); Fenton e al
(1983); Fenton (1986); Aldridge & Rautenbach (1987) and
D.S. Jacobs (personal communication), using very different
equipment to the present study, in that close matches in fre-
quency (< 5 kHz for at least two of the three frequency
parameters) and call duration (<5 ms) were obtained for the
following eight species: Rhinolophus simulator, Cloeotis per-
¢ivali (although only the fundamental component was meas-
ured in this study, its multiple closely matches previous data
for the second hanmonic), Miniopterus schreibersii, Pipistrel-
lus nanus (for type PNA2 but not PNAL; Table 1), Eptesicus
capensis. Scotophilus dinganii, Otomops martiensseni (for
OMA2 but not OMAI; Table |) and Tadarida aegyptiaca
(with the exception of call duration which was one half or less
of that reparted previously, but was also highly variable in
this study: note high standard deviations reported in Table 1).
The detinition of a ‘match’ was somewhat arbitrary, and it is
acknowledged that, for high duty cycle species wlere maxi-
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mum and dominant frequencies are remarkably constant
within a sequence of calls (Table |), even small differences,
such as reported for R simulutor between the present study
(dominant frequency — 82 kllz) and Fenton & Bell (1981:
dominant frequency — 78 kllz) may be significant.

Maximum and dominant frequencies (i.c. CF frequency) ol
Hipposideros caffer calls from individuals flying in inspec-
tion tunnels at Jozini Dam exceeded values reported by Fen-
ton & Bell (1981) at Sengwa. by 6-7 kHz, but matched
closely the mean CF frequencies recorded by Fenton (1986)
at Sengwa and Luvuvhu (Table 1). Fenton (1986) reported a
high degree of individual variation in the CF component of H
caffer recorded at Sengwa (137-144 kHz) and Luvuvhu
(143-147 kHz). Pye (1972) further noted a bimodal distribu-
tion of CT frequency in hipposiderid bats, including H caffer.
from 130 kHz (Nigeria) to 160 kilz (Kenya).

Calls of Nycticeinops schlieffeni recorded from a lree-fly-
ing individual in Swaziland matched published data from
Sengwa_and Pafuri very closely in dominant frequency and
call duration, but exhibited a much narrower bandwidth and
lower maximum {requency; but this apparent discrepancy is
explained by the fact that previous authors cited the maxi-
mum frequency of the third harmonic (I'enton & Bell 1981: in
their Table 1), whereas data for the fundamental component
only was reported in the present study. Similarly, harmonic
structure can explain the apparent discrepancies in present
and previous data for Tuphozous mauririanus. The presence
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of a fundamental and two harmonics in the call of 7. mauri-
tianus recorded in the present study is shown in Figure la.
The range of frequencics quoted for previous studies at Sen-
gwa and Pafuri (12-59 kHz: Table 1) actually encompasses
the fundamental as well as three additional harmonics (Fen-
ton, Bell & Thomas 1980; Fenton & Bell 1981). The domi-
nant frequency of 25 kHz cited by Fenton & Bell (1981: in
their Table 1) closely matches the second harmonic in the
present study. While the sccond harmonic was found to be
emphasized in a hand-held captive individual in the present
study, an individual recorded on release at Mlawula, Swazi-
land, alternated maximum energy between the fundamental
and second harmonic; out of a sequence of 17 calls, five had
most energy allocated to the fundamental component at 13—
14 kHz, while the remaining 12 calls emphasized the second
harmonic (Figure 3). In this study, calls were emitted typi-
cally in groups ot three (second harmonic) or two (first har-
monic) separated by longer inter-pulse intervals (Figure 3).
This may indicate behavioural flexibility in this species,
which would allow it to effectively decrease its echolocation
frequency below 20 kHz in order to escape detection by tym-
panate (hearing) insects which are optimally sensitive to bat
echolocation frequencies between 20 and 60 kHz (Fullard
1987). At the same time, using the alternative, higher fre-
quency harmonic (25 kHz) confers the advantage of foraging
in less open habitats, since lower frequencies are associated

with fast-flying bats which require longer range detection of

their prey, hence more open spaces. The long, narrow wings
of T mawrivianus (and T. perforaius) suggest that the species

Spectrogram_ FFT size 512, Hanning window.
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is predominantly a high-flying. long-range acrial feeder
(Rydell & Yalden 1997).

Another difference in the call of 7" masiriianus between the
present and earlier studies concerns the much shorter duration
recorded in known-species recordings in the present study
(2.5-4.0 ms, compared with 15-20 1ns). However, an individ-
ual recorded fortuitously over water at Umbilo Park, Durban
(in the general vicinity of known roosts of this species), was
identified as I mauriianus based on spectral call characteris-
tics, harmonic structure (with calls alternating the fundamen-
tal and second harinonic) and the distinctive “cadence’ of
calls (groups of two or three). and this individual demon-
strated a call duration of 14-18 ms. much closer to the valies
recorded previously (Table 1),

Nycteris thebarca is known to use sounds emanating from its
prey while hunting. although ccholocation also seems to be
important (Fenton ¢ «f. 1983). Calls of N. thebhaica recorded
in the present study are not immediately reconciled with pub-
lished data (Table 1). I'enton & Beb! (1981) recorded a range
of frequencies from 61 to 97 kHz. and noted the apparent ab-
sence of any harmonics. llowever. the present study revealed
a fundamental plus two harmonics in individuals foraging
naturally in Swaziland (Figure 4). Because of the low inten-
sity of calls of this species, recordings were made at very
close distances (<1 m) as individuals emerged from a night
roost. Both the fundamental (22 kHz). and to a slightly less
degree, the second harmonic (44 kliz). werc emphasized in
the same calls; the third harmonic was usually very faint (Fig-
ure 4), Interestingly, the range of frequencies of the third
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harmonic (62-72 kHz: see Figure 4) falls within the range
given by Fenton & Bell (1981). The call of a related species,
N. grandis, recorded by Tenton er al. (1983), on the other
hand, comprises a fundamental component with a peak of 20
kHz, and up to three additional harmonics, that is very similar
in structure to N. thebaica from Swaziland reported here (Fig-
ure 4). Fenton ¢r al. (1983) found that the lower frequency
components of the call are lost as the bat approaches its feed-
ing target, leaving a band of 60-95 kHz, similar to their re-
corded range for N, thebaica. 1t is not clear why the lower
frequency components of N. thebaica were recorded in the
present, but not in previous studies (which nevertheless re-
corded them in a related species, N. grandis). Possibly, the in-
dividuals recorded leaving therr night roost into the open in
the present study were in non-foraging mode, and had no
need for high frequencies to improve background perception;
room-flown individuals used in previous studies may have
perceived their immediate environment to be cluttered, re-
quiring high frequencies.

Another feature of the sequence of N. rhebaica calls shown
in Figurc 4 is the relatively short inter-pulsc interval for an
M bat (five calls within 50 ms m Figure 4, compared to six
calls in 600 ms for a typical sequence of Scorophilus dinganii,
and seven calls in 250 ms for a typical sequence for T\ mauri-
tianus). Vaughan et al. (1987a) recorded similar calls (very
short duration. steeply FM, with short inter-pulse intervals,
and the presence of two harmionics) in another low-intensity,
large-eared. gleaning species, Plecotus auritus. They further

Spectrogram, FFT size 512, Hanning window.
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noted that this species sometimes diverted most of its energy
into the second harmonic, as was repotted for N shebuica in
the present study.

Room-flown and hand-held recordings

Although recordings from roomn-flown and hand-held bats are
often assumed to contain little information of value (Barclay
1999; M.B. Fenton. personal communication), few published
data seem to be available directly comparing these with more
‘natural’ calls. Recordings of four species of bats were ob-
tained from individuals flying inside a room: Pipistrellus rus-
ticus, Eptesicus capensis,  Scotophilus  dinganti,  and
Chaerephon pumila. Recordings of Tudarida aegyptiucu were
obtained from an individual allowed to crawl freely along a
ledge whilst “echolocating’™. Of the above five species. re-
cordings of the latter four were additionally obtained from
bats flving in their natural habitats. either after release (£
capensis), or in ‘unknown’ individuals recorded fortuitously
whilst surveying feeding areas in the vicinity of known roosts
of these species (S. dinganir. C. pumila, T aegvptiaca), and
identified from « posteriort analysis of sonograms and close
matching with previously recorded room-tlown bats, or with
published data and sonograms (Table |). From Table 1. the
above-mentioned room-flown bats showed very similar spec-
tral properties (usually varying by no more than 2-3 kHz), but
much shorter call durations. compared with their naturally
flying counterparts. In the larger-sized bats (S. dinganii. C.
pumila, T. aegypticeda). but not in the smaller species
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Figure 5 Sonogram showmg portion of typical sequence ot calls for Scotaphilus dinganii recorded in a room. Note the extremely long (4050

ms) “buzz’ which follows cach short (3 ms) ontgoing pulse. Intervals on the horizontal time axis represent 30 ms
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(E. capensis and P rusticus), recordings made in a room
tended to display long-duration composite ‘buzzes’ (possibly
incorporating echoes), of some 40-50 ms (see footnote 5 in
Table 1). of which only the initial short-duration pulse was as-
sumed to represent the outgoing signal (see Figure 5).
lland-held recordings were made from the following five
species: Taphozous mauritianus, Miniopterus schreibersii,
Rhinolophus clivosus. R darlingi and R. simulator. In the
case of the latter three CF species, which have constant maxi-
mum and dominant frequencies, heterodyne bat detectors
were used in conjunction with the time expansion bat detector
to verify the maximum and dominant frequencies of each spe-
cies based on the audible output from individuals flying
freely in their tunnel roosts. In the case of both T. mauritianus
and M. schreibersii, call parameters agreed very closely with
data obtained from bats of the same species recorded flying
on release (usvally within 1-2 kHz for frequency variables. or

I 2 ms for call duration: Table ), indicating that calls emit-
ted by hand-held bats may closely approximate genuine
search phase echolocation calls emitted by foraging bats.

The above observations suggest that, at least for the few spe-
cies studied here. representative echolocation calls may be
produced from both room-flown and hand-held individuals,
and this seems to apply to both low duty cycle and high duty
cyvcle bats. However. such recordings should be checked
against data from naturally foraging bats, and it should never
be assumed that hand-held and room-flown recordings will
represent natural echolocation calls for all species.

Intraspecific variation

Examples have been mentioned in passing in the above dis-
cussion. The effect of atmospheric attenuation of higher fre-
quencies in broadband species is illustrated in Figure la (by
broken lines), and reflected in high standard deviations for
maximum frequency compared with minimum or dominant
frequency for non-rhinolophoid species (Table 1, and above
discussion). At least two sonic types have been found in both
Pipistrellus nanus and Oromops martiensseni. Unfortunately,
the small number of sequences available precludes a full ex-
planation for these differences, but the presented data merely
serve as a starting point for further investigation based on
larger samples. Variation in harmonic expression within a sin-
gle sequence has been demonstrated in Taphozous mauri-
tianus (Figure 3).

Minor differences in call structure due to habitat were noted
in Scorophilus dinganii from open (treeless) and closed (be-
tween tall gum trees and farm buildings) habitats, separated
by less than 50 m, at the same locality (Figures [, 2). D.S.
Jacobs (personal communication) has demonstrated quite
profound differences in calls of Miniopterus schreibersii for-
aging in open vlei (frequency range of 38-79 kHz; mean du-
ration = 4.4 ms) and cluttered (54-95 kHz; duration = 2.2 ms)
habitats. Yet, significantly, calls recorded by Jacobs in open
vlei, using the ANABAT svstem (data included in Table I),
agree very closely with data obtained from bats released into
a reasonably open habitat (open clearing surrounded by low
farm buildings) at Kersefontein in the present study (Table 1),
suggesting that variability in call structure may be largely re-
lated to gross habitat differences. Using nested multivariate
analysis of variance (MANOVA) 10 analyse variation in six

call parameters in four European species, Obrist (1995) found
that, for most species. individual differences explained most
of the observed variability in the data, followed by observa-
tion (repeated recordings of the same marked individuals),
behavioural situation and. lastly, site effects. Sites comprised
different-sized clearings within the same vegetation matrix.
and significant differences in calls were noted in two species
foraging within small and large clearings. However. gross
habitat differences were not examined by this study. Although
the effects identified by Obrist (1995) were statistically sig-
nificant sources of intraspecific variability within each spe-
cies. they did not prevent the clear-cut separation of the four
species on their echolocation parameters using multidimen-
sional scaling.

As noted above, call duration appears to be far more suscep-
tible to intraspecific variation than do spectral parameters,
This was most clearly indicated in the case of Tuphozous
mauritianus, where recordings of a hand-held, and a relcased
individual exhibited much shorter calls (24 ms) than re-
ported by published studies (15 20 ms; Table ).

Conctusions

The echolocation data presented here for 20 southern African
bat species show a high degree of concordance generally with
previous studies. Eight species have not previously been re-
ported for southern Africa, or elsewhere to my knowledge.
Intraspecific differences were demonstrated in some of the
species, but this was usually a result of widely differing re-
cording methods (e.g. hand-held. flying in the open and in a
room). Nevertheless, species generally possessed distinctive
vocal signatures, especially when dominant frequency and
harmonic information was considered.

Information on dominant frequency and the number of har-
monics is considered to have been useful for species diagno-
sis in the present study. In the case of Taphozous maurinanus,
Nycteris thebaica, Nycticeinops schlieffenii and Otomops
martienssent, having complete hanmonic information clari-
fied observed differences between published and current data.
and between different sequences within a species obtained
under different conditions during the present study. Where
frequency bandwidths overlapped considerably, the dominant
wavelength was sufficiently divergent to allow accurate spe-
cies identification (e.g. between Miniopterus schreibersii and
Myotis tricolor).

The findings of this study suggest that a time-expansion de-
tector capable of retrieving harmonic and intensity informa-
tion is optimal for the procedure of establishing a basic call
library for each species. Thereafter. cheaper detectors such as
the ANABAT 1l system, and heterodyne (‘tunable’) detectors
relying only on audio output, should prove useful for routine
identification of species in flight. as well as supplementing
the call library. A trained observer is able to determine domi-
nant frequency from audio output of a tunable dctector. Fur-
thermore, the shape of FM calls is often highly distinctive and
can be used to predict dominant frequency, for example in
many vespertilionid bats, the dominant frequency appears to
coincide with the point at which the stecp part of the slope
flattens out at the lower frequencies.

It seems likelv that. once a substantial and representative
call library is established, preferably containing at least ten
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individuals per species, and ideally employing calls from nat-
urally-flying bats, routine accurate identification of most spe-
cies from their vocal signatures using a variety of bat
detectors will be possible. This is already proving feasible for
the commoner species encountered in KwaZulu-Natal. Field
identification using bat detectors will prove to be much sim-
pler in species-poor communities, and more difficult in the
more species-rich bat communities accupying savanna re-
gions in the northern regions of southern Africa (Gelderblom,
Bronner, Lombard & Taylor 1995).
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