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Fig. 1 - Discriminant Function Analysis plot for FM-CF-FM calls (Family Rhinolophidae) recorded in Gunung Mulu National Park. Rhac =
Rhinolophus acuminatus, Rhbo = R. borneensis, Rhcr = R. creaghi, Rhlu = R. luctus, Rhph = R. philippinensis.
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Fig. 2 - Discriminant Function Analysis plot for CF-FM and QCF-MH calls recorded in Gunung Mulu National Park. Hibi = Hipposideros

bicolor, Hice = H. cervinus, Hico = H. coxi, Hidi = H. diadema, Hidy = H. dyacorum, Higa = H. galeritus, Hicf.ku = H. cf. kunzi, Coro = Coelops
robinsoni, Emsp = Emballonura alecto/monticola.
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Fig. 3: Discriminant Function Analysis plot for FM-B, FM-MH and FM-QCF calls recorded in Gunung Mulu National Park. Keha = K.
hardwickii, Kein = K. intermedia, Kemi = K. minuta, Kepa.L = K. papillosa (large form), Kepa.s = K. papillosa, Kepe = K. pellucida, Muae = M.
aenea, Mupe = M. peninsularis, Muro = M. rozendaali, Musu = M. suilla, Myho = M. horsfieldii, Mymu = M. muricola, Myri = M. ridleyi,
Glty= G. tylophus, Nytr = N. tragata, Mesp = M. spasma, Miau = M. australis, Chpl = C. plicatus.
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Fig. 4: Scatterplots showing the relationship between forearm length (mm) and peak frequency (kHz) for male (blue circle) and female
(red triangle) individuals recorded in Gunung Mulu National Park, a) Rhinolophus creaghi and b) Hipposideros dyacorum.
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Table 1 - Call harmonics (H) mean, standard deviation and range of Rhinolophidae and Hipposideridae. Number of calls examined for

each harmonic in parenthesis.

Species H1_Fppeak (kHz) H3_Fppeak (kHz) H4_Fppeak (kHz)
40.9+2.2 122.5+1.8 161.6+5.8
Rhinolophus borneensis 34.9-47.1 117.6-125.7 142.5-166.4
(18) (39) (15)
35.0+1.5 104.0+3.2 139.78 £3.3
Rhinolophus creaghi 30.1-36.1 96.0-108.1 134.6-144.1
(24) (33) (29)
459+7.1 120.6+14.3 172.0+4.7
Rhinolophus acuminatus 41.6-54.1 104.4-131.4 168.6 - 175.3
(3) (3) (2)
16.8+0.26 67.7+1.0 101.3+0.7
Rhinolophus philippinensis 16.4-17.4 69.4-69.4 100.8-102.1
(17) (17) (3)
57.81 77.0+£0.1 1149+0.6
Rhinolophus luctus (1) 76.9-77.0 114.5-115.4
(2) (2)
65.7+1.6 188.2 + 1.7
Hipposideros bicolor 62.5-67.0 186.6 — 190.5
(12) (8)
81.4+3.7 239.6 £5.3
Hipposideros dyacorum 77.9-90.5 233.5-246.0
(15) (6)
24.7+1.0 76.7 100.8+2.4
Hipposideros coxi 23.57-25.66 (1) 99.1-102.4
(4) (2)
589+2.7 175.3+3.0
Hipposideros cervinus 56.4-63.4 169.1-180.0
(5) (25)
56.4£0.8 170.7 £ 1.7
Hipposideros galeritus 54.9-57.4 166.0-172.5
(18) (11)
33.2+0.1 101.6+2.2 135.8+2.4
Hipposideros diadema 33.2-33.3 97.4-106.2 131.5-139.1
(2) (18) (13)
95.8

Coelops robinsoni

(1)
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Table 2 - Measurements of echolocation call harmonics mean, standard deviation (top) and range (bottom) for species producing
multi-harmonic pulses recorded in GMNP. In measurements of M. spasma and N. tragata pulses, Fppeak varied between harmonics in
each pulse measured. Dominant harmonics are in bold and number of pulses that the harmonic was dominant is in parenthesis.

Species Harmonic No.  Fppeak (kHz) Fstart (kHz) Fend (kHz) No. of pulses
1 22.8+0.4 242 +0.4 189+14 4
22.4-23.4 23.6-24.6 16.8 - 20.0
Emballonura alecto/monticola 3 66.3+2.6 70.8 £ 0.8 56.2+6.4 4
(Emerging from cave) 62.8-69.0 70.0-71.8 52.3-65.8
A 88.2£3.1 94.7£0.7 80.5+4.0 A
84.1-91.6 94.1-95.5 74.6 - 83.2
37.6+0.2 42304
1 37.4-37.7 42.0-42.5 31.50 2
60.5+2.8 473x1.1
Megaderma spasma 2(1) >1.2 58.5-62.5 46.5 - 48.0 2
(Flying in small room)
3 70.5+2.1 77.8+0.4 64.5+ 1.4 5
69.0-72.0 77.5-78.0 63.5-65.5
4a(1) 89.9 102.5 83.0 1
. 18.8+1.5 27.6+2.9 14.6 0.6 .
16.3-21.0 24.0-32.5 14.0-15.5
2 44.312.0 51.6£3.3 35.4%3.5 7
42.0-47.8 46.0-56.0 32.0-42.0
Nycteris tragata 3(2) 71.7+5.6 80.6+6.5 59.6+4.0 12
(Flying in tent) 62.9-80.9 68.0-90.0 54.0 - 68.0
95.9 6.6 111.9+7.0 82.3%6.5
4(10) 81.1-103.7 103.5-129.0 73.0-93.5 13
5 (1) 119.0x7.4 143.4+5.9 1129+6.9 12
104.8-128.9 131.0-155.0 102.0-126.0
1 20.5+0.9 27.2+2.8 153+1.2 2
19.5-21.1 24.0-29.0 14.0-16.0
2(1) 483 +6.1 549+41 39.0+6.2 3
42.0-56.7 50.5-60.0 34.0-48.0
Nycteris tragata 3(2) 76.2£6.2 815145 604124 6
(Release) 69.1-87.0 74.0-88.0 57.0-63.5
4(a) 93.4+7.6 109.8+4.7 81.5+5.8 7
75.1-99.0 104.0-118.0 71.0-88.0
5 118.2+7.8 1409 5.7 110.6+6.1 6
109.4-127.4 135.0-150.5 105.0-121.0
Myotis horsfieldii ) 109.9+9.4 148.5+ 6.0 83.4+6.4 4
(Flying in tent) 101.5-123.1 141.5 - 155.0 74.00 — 88.5
Myotis horsfieldii ) 92.9 145.5 76.0 1
(Release: semi-clutter - trail)
Myotis horsfieldii 107.5 156.5 86.0
) 2 1
(Release: semi-clutter - stream)
Myotis horsfieldii ) 1111 135.0 105.5 1
(Release: open space)
Myotis muricola ) 118.5+15.3 140.9+19.4 101.8+8.9 4
(Flying in tent) 96.1-129.0 114.6 — 159.1 90.5-109.6
Myotis muricola ) 109.6 £9.0 143.9+12.4 101.1+4.0 3
(Release: semi-clutter) 95.6-121.0 122.5-159.6 97.3-109.0
Myotis muricola ) 114774 1354+ 8.6 105.6 4.3 4
(Release: open space) 105.0-123.1 126.5-145.0 99.5-109.0
Myotis ridleyi 2 125.05 162.50 112.00 1

(Flying in tent)
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Table 2 - Continuation

Species Harmonic No.  Fppeak (kHz) Fstart (kHz) Fend (kHz) No. of pulses
. ) 106.5+6.3 142.3+20.2 92.8+3.2 )
Glischropus tylopus 102.1-110.9  128.0-156.5 90.5-95.0
(Flying in tent)
3 130.6 144.0 129.5 1
Miniopterus australis ) 1143 +2.7 137.8+7.6 110.0+3.7 4
(Flighing in tent) 111.1-117.4 128.2-146.4 104.5-112.3
Miniopterus australis ) 128.2+3.2 149.6 £9.1 109.57 £1.3 )
(Flying in a cave) 125.9-130.5  143.18-156.0  108.64—110.5
2 63.7+1.2 82.0+0.7 37.8+6.0 2
Chaerephon plicatus 62.9-64.6 81.5-82.5 33.5-42.0
(Flying in large room) 3 72.5+0.7 89.8+3.2 57.0+4.2 5
72.0-73.0 87.5-92.0 54.0-60.0
(C:;Z;’;hgng’csag’; ] X 55.1+10.7 68.0 8.9 46.1t 4.1 o
"+ Open sp 423-713 49.5-78.5 38.5-51.3
alternating call type A)
(C:;z;es‘éhzngr’]’zat;\“; ] X 51.145.7 65.8 + 12.9 45.6 4.4 .
-+ Open sp 44.2-56.9 49.4-81.0 42.3-52.0
alternating call type B)
Journal of Bat Research & Conservation 122 Volume 14 (1) 2021


https://doi.org/10.14709/BarbJ.14.1.2021.09

Ellen McArthur, Faisal Ali Anwarali Khan

€08 818 C'Tvy 0'SL 00S v'6C L99 889 0GE 009 9'8L 005 00S 00S 00 98¢ 000T 0SS 00 0°00T 008 0°00T 006 €€6 0°'00T 0'00T €06 6'V6 1T'€8 005 S'€6 6C9 00S 1034100 %
vL9 L T S 9 1T L ST T C 9 14 4 4 1T 14 vs €C 6% T SvT v € a0 u
6€8 LT YT 4> €C SST ujeiol
1dyd
nein
Ao
WA
nwA
oyAIN
aday|
S eday
7 eday
1wyl
IEN
eyay
nsnip
ounin
adniy|
aenA
AN
dsan
dsw3
040D
N3"§o1H
esiH
ApiH
IPIH
03IH
90IH
1qIH
0 ydyy
0 niyy
0 24y
0 0 oquy
0
19!

~
—
o
~
LN
~
o
=}
[Ta)
<
(o2}
LN

O—-HOO0OO0OO0OO0OOo

0
0
0
0
0
0
0
[4
0

n
Ll
—

T

[eNeNeNoNoNoNoNoloNoNoloNolNoNoNoNoNoNoNoNol
el NeloNoNoNoNoNoNoNoloNoNoloNoNololNoloNoNo)

<
o}

I
<
Nooooooooooooooooocooooocool¥y

o000 000D0D000O00O0OO0O0OO0O0OO0O0O0O0OO
Nooooovtooooooooooooooooocoool®F
OCO0OO0OO00O0000O0O0O00000O0O0O0OOOOOOO

SPT

CO0OO0O0O0O0DO0DO0DO0DO0DO0DO0O0DO0OONOOODOOO0OOODOOWNOMN~O
CO0OO0OO0OO0O0DO0O0DO0O0DO0DO0D0DO0ODO0DO0DO0DO0O0ODO0O0OO0O0O0O0OO0O0O O 0|
OCO0OO0OO0DO0O0O0O—TOODO0OO0ODO0ODO0OO0ODO0ODODODO0ODODODO0OOO0OOOOOWN—mmM™~O
CO0OO0OO0O0O0DO0DO0DO0O0DO0O0D0DO0DO0DO0DO0DO0DO0DO0O0DO0O0OO0O0OWVWOEHNOO|I™
OO0 O0O0O0O0O0O0O00O0O-OODODODODODODOMMNANMNOOOOOOO
CO0OO0OO0O0O0D0DO0DO00DO0O0D0DO00DO0O0DO0O0OON—TOTOOOOOOOIT
CO0OO0OO0O0O0DO0DO0DO0DO0DO0DO0DO0DO0O0DO0DO0DO0OO0ODWOOOOWOOOOOOoO
CO0OO0O000D0DO0DO0O0DO0O0O0O0O0OONEHTOOOTOOOOOOOO|
CO0OO0OO0O0O0DO00DO0O0DO0O0O0O0O0OHATHOOOODOOOOOOOOOO|INO
OO0 0000D000D000O0—TONTHTOOO—TOOOO— OO O~
CO0OO0OO0OO0O0DO0O0D0O0DO0DO0D0DO0OONODOODO0OO0ODO0OO0OO0ODO0ODO0ODO0ODO0OOOOoO|IN
[eNeoNeoNeloNoNoNoNeNoNeNoNeloNe oo oo e oo No R 2=RoRelo} N}
[eNeR_RoNeleooNeooNeoNe oo NoNoNo o oo oo oo oo oo No o Nol (o]
:rrVOOOOO\—IOOOOOOOOOOOOOOOOOOOOOOOE
(pieNeoleoNoleNoleNoleNoleojeoleloNoloNoe oo NoleojlojloNolo) o]

OO0OO0OO0OO0OWOOOo
[eNeNeooNeoNoNoNo]

COooooo

CO0OO00O000000000O000000O00000O0O0OHOMOO|tm
Coocoocooocoooo0ooo0oo0o0o0o00O0OYTHoo0odJoooooolg
cCoocoocooocooo-“oooodaYoHOO0O0OO0OO0OO0O0OO—HOO0OR
[cE-N-N-N-N-N-N-N-N-N-N-N-I N-J- N J NN -X-N-N-N-N-F-N-N-N-N-N--]
C 00000000000 TOO0OO0O0OO0O0OO0OHOOO0OO0OO0OOOOOO|n
C 0000000000 TOOO0OO0O0OO0O0OO0O0O0O0OO0O0O0O0O0O0O0OO|T <
cCcoocoocogooonocoooocoocoocoocoocoocoocoococo0oo0o0o0o@R
N OTOO0O00O0O 1000000000000 00O0O0O0O0O0OO0 OO

O O0OO0OO0O0D0O0D0DO0DO0DO0DO0DO0O0OO0O—1T0O0 WO O

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
T
0
0
0
0
0
0

o
o
o
o
(=]
o
o
o
o
o
(=]
o

0
jledanQ |dyd neiN Ayo UAN nwAN oyAN aday seday Jredsy 1wy uldy eyay nsniy oJnjy adniA aeniy JIAN dssiy dsw3 o4o) nyyoIH e3iH ApiH
sapads anug

o
o
(ag]

0 0 1¢ deyy
H ydyy njyy Joyy oqyy deyy :se payisse|d

0
0
0
0
0
0
0
0
P

IH O3IH 334

'snipoayyd " = |dy) ‘sypaisno ‘| =
nel ‘snydojAy "o =AY D “1A3ip11 W = LA ‘Djoanw | = nWAN ‘Upjayfsioy ‘N = oYAN ‘bpionjjad -y = aday ‘(wuoy [jews) psojjidod "y = S eday| ‘(waoy 934e|) bsojjidod "y = 7reday| ‘DinuIW Y = W)Y ‘DIPIWIIUI *Y
= uIay ‘IyaImpaoy "y = eyay| ‘bjjIns ‘A = NSNIA ‘IjobpuazoJ “|A = OINN ‘sipjnsuluad |\ = adn|Al ‘DaUaDp ‘A = 3en|\ ‘DIbpiy ‘N = AN ‘bwsods A = dSa|N ‘DjodUOW /0323 pinuo[|pbquwF = dsw3 ‘Juosulqos sdojao)
= 040D ‘1zuny *yo *H = NYJoIH ‘snd3|pb ‘H = e3IH ‘Wn10opAp ‘H = APIH ‘DWappIp ‘H = IPIH ‘IX02 *H = 0JIH ‘SNUINI3I "I = IH ‘10j021q soapisoddiH = 1qIH ‘sisuaurddijiyd Y = ydyy ‘snionj 'y = n|yy ‘1yboaud 'y = 1oyy
‘siIsuaauloq Y = oquy ‘snipuiwinop snydojoulyy = deyy *sa1dads uad sas|nd ||ed Jo Jaquinu = U 'dNND Ul pPapJodaJ $a129ds TE JO S|enplAIpUl |[B 4O} SIINSDJ UOLeIYISSe|d SISAjeuy uonoung ueulwdsIq € djqeL

Volume 14 (1) 2021

123

Journal of Bat Research & Conservation



https://doi.org/10.14709/BarbJ.14.1.2021.09
https://doi.org/10.14709/BarbJ.14.1.2021.11

Towards a regional call library: Classifying calls of a species-rich bat assemblage in a Bornean karst rainforest

Table 4 — Discriminant Function Analysis results for axis loadings, eigenvalues and percentage variation of call parameters for call groups
and selected species.

Call Groups & Species Loadings Axis1l Axis2 Axis3 Axis4 Axis 5
Fppeak 3.66 -2.36 1.34 0.43 -5.98
Fstart 5.23 3.53 3.39 0.93 1.35
Fend 254  -439 -0.87 0.71 1.82
All Calls Duration -1.89 -1.88 4.67 2.76 0.78
IPI -4.24 -0.15 2.66 25.84 -0.49
Eigenvalue 87.45 14.15 6.66 0.94
Variance (%) 78.68 12.73 6.00 0.84
Fppeak 142 -0.27 0.36 -0.16
Fstart 1.21 0.80 -1.03 2.75
Fend 1.20 2.73 -0.49 2.01
FM-CF-FM Calls Duration -0.28 -0.74 7.59 6.59
IPI -0.36 15.12  28.93 7.79
Eigenvalue 142.40 0.17 0.03 0.00
Variance (%) 99.86 0.12 0.02 0.00
Fppeak 2.20 1.42 -0.98 -4.53 0.57
Fstart 2.39 0.02 -0.01 0.31 -0.08
Fend 1.81 3.08 -1.94 0.85 1.25
CF-FM & QCF-MH Calls Duration -0.07 0.47 1.00 0.02 0.44
IPI -0.35  -0.07 0.76 0.56 6.51
Eigenvalue 171.37 2.57 1.35 0.32
Variance (%) 97.47 1.46 0.77 0.18
Fppeak 5.78 3.69 1.81 12.04 1.58
Fstart 9.20 7.05 -7.32 -3.37 -0.44
FM-B, FM-MH & FM-QCF Calls 0y 298 065 809 -115 0.86
Duration -0.48 0.77 0.04 -0.04 -0.26
IPI -8.66 9.36 0.00 -1.61 25.25
Eigenvalue 39.79 5.41 1.72 0.24
Variance (%) 84.72 11.51 3.65 0.51
Fppeak 5.08
K " ] Fstart 5.19
 otro
Duration -0.07
IPI -0.33
Fppeak -0.22
Fstart 2.78
T S
Duration 0.09
IPI -2.25
H2_Fppeak -2.79
H2_Fstart 4.75
H2_Fend -0.46
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Table 5 - Discriminant Function Analysis classification results for FM-CF-FM (Rhinolophidae) calls recorded in GMNP. n = number of call
pulses per species. Rhac = Rhinolophus acuminatus, Rhbo = R. borneensis, Rhcr = R. creaghi, Rhlu = R. luctus, Rhph = R. philippinensis.

True Species
Classified as: Rhac Rhbo Rhcr Rhlu Rhph Overall

Rhac 5 9 0 0 0
Rhbo 1 61 0 0 0
Rhcer 0 155 0 0
Rhlu 0 0 0 2 0
Rhph 0 0 0 59
Totaln 6 70 155 2 59 292
n Correct 5 61 155 2 59 282

w

% Correct 83.3 87.1 100.0 100.0 100.0 96.6

Table 6 - Discriminant Function Analysis classification results for CF-FM and QCF-MH (Hipposideridae and Emballonuridae) calls recorded
in GMNP. n = number of call pulses per species. Hibi = Hipposideros bicolor, Hice = H. cervinus, Hico = H. coxi, Hidi = H. diadema, Hidy = H.
dyacorum, Higa = H. galeritus, Hicf.ku = H. cf. kunzi, Coro = Coelops robinsoni, Emsp = Emballonura alecto/monticola.

True Species

Classified as Hibi Hice Hico Hidi Hidy Higa Hicf.ku Coro Emsp Overall

Hibi 78 0 0 0 0 0 0 0 0
Hice 0 84 0 0 0 3 0 0 0
Hico 0 0 23 0 0 0 0 0 0
Hidi 0 0 0 32 0 0 0 0 0
Hidy 0 0 0 0 42 0 0 0 0
Higa 0 9 0 0 57 0 0 0
Hicf.ku 0 0 0 0 0 4 0 0
Coro 0 0 0 0 0 5 0
Emsp 0 0 0 0 0 0 0 4
Totaln 78 93 23 32 45 60 4 5 4 344

n Correct 78 84 23 32 42 57 4 5 4 329
% Correct 100.0 90.3 100.0 100.0 93.3 95.0 100.0 100.0 100.0 95.6
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Table 7 — Discriminant Function Analysis classification results for FM-B, FM-MH and FM-QCF calls recorded in GMNP. n = number of call
pulses per species. Mesp = M. spasma, Nytr = N. tragata, Muae = M. aenea, Mupe = M. peninsularis, Muro = M. rozendaali, Musu = M.
suilla, Keha = K. hardwickii, Kein = K. intermedia, Kemi = K. minuta, Kepa.L = K. papillosa (large form), Kepa.S = K. papillosa (small form),
Kepe = K. pellucida, Myho = M. horsfieldii, Mymu = M. muricola, Myri = M. ridleyi, Glty= G. tylophus, Miau = M. australis, Chpl = C. plicatus.

True Species

Classified as: Mesp Nytr Muae Mupe Muro Musu Keha Kein Kemi Kepa.L Kepa.S Kepe Myho Mymu Myri Glty Miau Chpl Overall
Mesp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nytr

=
(o))

Muae
Mupe
Muro
Musu
Keha

L O O O O O O

Kein

P O O N B O O B

-
N

0

0

0

0

0

0

0

Kemi 0
Kepa.L 0
Kepa.S 0
0

0

0

0

2

0

0

2

0

o O O B A O O O O O

Kepe
Myho
Mymu
Myri
Glty
Miau
Chpl
Totaln
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