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ABSTRACT: Xuan Son National Park is a well known locality in Vietnam for its karst landscape
and biodiversity values. The park contains a large number of caves, which are homes to 20 bat
species belonging to 13 genera, four families. Of which, four species, viz. Aselliscus stoliczkanus,
Hipposideros armiger, H. larvatus and H. pomona, belong to the family Hipposideridae. Prior to
2010, almost all bat researches at the park focused on taxonomy. Between 2011 and 2015, the
author conducted a series of field surveys with emphases on both taxonomy and echolocation of
hipposiderids. External measurements of every captured bat were taken for taxonomic assessments.
Echolocation calls were recorded from natural habitats while bats flying and different situations
inside a flight-tent. Results from the surveys indicated that, within Xuan Son National Park, each
hipposiderid species is clearly distinguishable from the remainders of the family Hipposideridae in
both morphology and echolocation frequency. This paper provides acoustic and morphological
diagnoses of hipposiderids for practical monitoring, further studies and conservation of

hipposiderids at the park in the future.
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INTRODUCTION

Hipposiderid is a common name of bat
species belonging to the family Hipposideridae.
To date, the family comprises 90 species
belonging to 17 genera [20, 25]. In Vietnam,
hipposiderids consist of 20 species belonging to
three genera:  Aselliscus, Coelops and
Hipposideros [4, 6, 11, 13, 19, 20, 21, 25]. Vu
Dinh Thong (2011) [20] indicated that
echolocation frequency of hipposiderids and
rhinolophids of Vietnam is generally specific to
either species or species complex, particularly
within a locality. For example, the constant
frequency of the second harmonic of each
echolocation calls of these bat species from
Tam Dao National Park are clearly
distinguishable for identification in the field
[22].

Xuan Son National Park contains a large area
of karst landscape with a system of caves, which
is home to a highly diverse bat fauna [1]. Prior to
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the present study, a series of bat inventories were
carried out in the park [1, 8]. Number of bat
species recorded over the surveys were
impressively increased. Between 2002 and 2015,
the author conducted eight field surveys
throughout the park. Results from the surveys
included taxonomic materials and echolocation
data of four hipposiderid species. This paper
provides both morphological and acoustic
diagnoses of each species to strengthen
forthcoming research, monitoring and
conservation actions at the park in the future.

MATERIALS AND METHODS

Bat capture and identification

Field surveys were conducted at almost all
known caves and footpaths under forest canopy
of Xuan Son National Park (21°03'-21°12'N,
104°51'-105°01'E). With a total of 15,048 ha,
the park’s elevation ranges from ¢.200 to 1,386
m at the summit of a mountain peak, namely
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Voi [1]. The natural vegetation types of the park
comprise montane evergreen forest and
montane limestone forests [1]. Bats were
captured and handled in the field following the
guidelines approved by the American Society of
Mammalogists [18]. Four-bank harp traps [9]
and mist nets of various sizes (2.6 m [height], 3-
12 m [length], mesh size: 16 mm X 16 mm)
were employed to capture bats. Each captured
bat was removed carefully from the trap or net
and placed individually in a cotton bag.
External measurements were taken following
Bates & Harrison (1997) [3], Csorba et al
(2003) [7], Vu Dinh Thong (2011) [20]. The
measurements comprise FA, forearm length-
from the extremity of the elbow to the extremity
of the carpus with the wings folded; EH, ear
height of ear conch, from the base of the outer
edge to the tip; TIB, tibia length-from the knee
joint to the ankle; HF, hind-foot length-from the
extremity of the heel behind the os calcis to the
extremity of the longest digit, excluding the
hairs or claws; Tail: tail length, from the tip of
the tail to its base adjacent to the body.
Reproductive status and age were assessed
following Racey (2009) [16] and Brunet-
Rossinni  and  Wilkinson  (2009)  [5],
respectively. During this study, bats were
categorized into two broad age groups, juveniles
and adults, following Barlow (1999) [1].

Echolocation recordings and analyses

Sound recordings were carried out at the
main entrance of caves and under forest
canopies to obtain echolocation calls when bats
were emerging from roosts and flying in natural
habitats at night, respectively. Echolocation
calls of every captured bat were recorded in
different situations, when it was handheld and
released inside a flight tent (4 m [length] x 4 m
[width] x 2 m [height]) using a PCTape system
with a sampling rate of 480 kHz. Batman
software, which displays color sonograms of the
detected echolocation signals in real time, was
used to obtain high quality sound sequences. All
echolocation signals from the recordings were
analysed using Selena software to measure the
constant frequency of the second harmonic
(CF2) of each call [20]. The PCTape system,
Batman and Selena software are custom-made

by the University of Tiibingen, Germany, using
a 512-size Fast Fourier Transformation.
Recordings from natural habitats were
compared with the calls of captured bats for
identification based upon the CF2 values.

RESULTS AND DISCUSSION

A total of 33 adult individuals belonging to
four species were captured over the surveys.
Their external and acoustic measurements are
given in the table 1. Morphological and acoustic
features of each species are briefly described as
follows:

Aselliscus  stoliczkanus. This is a small
species of the family Hipposideridae. Aselliscus
is distinguishable from the two remaining
hipposiderid genera (Coelops and
Hipposideros) in Vietnam by its noseleaf
structure. The upper part of the posterior leaf is
divided into three lobes. Three individuals of A4.
stoliczkanus were captured at the Lang Cave in
XSNP. The average forearm length of these
individuals is 43.3 mm (43.0-43.7 mm). The
anterior noseleaf structure of the species
includes two supplementary leaflets. Of which,
the outer is shorter than the inner (fig. 1A).
Each echolocation signal consists of two
segments at the second harmonic, namely
“constant frequency” (CF) and “terminal
frequency-modulated”  (tFM) (fig. 2A).
Frequency value range for CF2 of the captured
individuals is 130.2-131.4 kHz (table 1).

Hipposideros armiger. Seven individuals of
this species were captured at an unnamed cave
close to Du village. An average forearm length
of these individuals is 92.4 mm (89.4-95.4 mm).
The anterior noseleaf structure of the species
includes four supplementary leaflets. Of which,
the outmost one is less developed and much
smaller than the three remainders (fig. 1B).
Each echolocation signal consists of two
segments at the second harmonic: CF and tFM
(fig. 2B). Frequency value range for CF2 of the
captured individuals is 64.7-67.6 kHz (table 1).

Hipposideros larvatus. This is one of the
most common bat species in XSNP. Twenty
individuals of the species were captured over
the surveys. An average forearm length of these
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individuals is 59.3 mm (57.2-61.0 mm). The
anterior noseleaf of each individual has three
supplementary leaflets, which are almost equal

consists of two segments at the second
harmonic: CF and tFM (fig. 2C). Frequency
value range for CF2 of the captured individuals

in size (fig. 1C). Each echolocation signal is 84.4-87.7 kHz (table 1).

s
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Figure 1. Ear and face of leaf-nosed bat species from XSNP. A = Aselliscus stoliczkanus; B =
Hipposideros armiger; C = H. larvatus; D = H. pomona.
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Figure 2. Typical echolocation signals of four lhipposiderid species from Xuan Son National Park,
calls are shown in spectrogram (top) and oscillogram (bottom): A = A. stoliczkanus; B = H.
armiger; C = H. larvatus; D = H. pomona

Table 1. Morphological measurements (in mm) and CF2 (in kHz) of four hipposiderid species from
Xuan Son National Park

Measurement and echolocation frequency

Species T EA EH TIB HF Tail CF2
. 433204 8.6£0.6 130.720.6
A stoliczkanus 3 436 437 g0.91 n/a /a n/a 130.2-131.4
. 92.4+19 32.1%1.0 66.3+1.2
H. armiger 7 §9.4.954 300330 M2 n/a n/a 64.7-67.6
. larvats 5 S93£1.0 224206 - - ; 86.3+0.9
: 57.2-61.0 21.0-23.0 24.3,24.4(2) 9.5,9.8 (2) 36.0,40.0 (2) 84.4-87.7
. vomona ; 424204 21612 ; - ; 121.940.7
P 42.0-42.6 20.6-23.0  19.1 (1) 6.9 (1) 37.0(1)  121.1-121.5

Note: n = sample size of captured individuals and representative CF2 of each individual. FA, EH, TIB, HF,
Tail and CF2 are defined in the section “Materials and Methods”; n/a = not available. Values are given as
mean =+ standard deviation, minimum-maximum, sample size (number of captured bats) in parentheses.

Hipposideros pomona. This was rarely
recorded during the surveys at XSNP. Three
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individuals of the species were captured at the
Lang Cave. An average forearm length of these
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individuals is 42.4 mm (42.0-42.6 mm). The
noseleaf structure of each individual is simple
without supplementary leaflet (fig. 1D). Each
echolocation signal consists of two segments at
the second harmonic: CF and tFM (fig. 2D).
Frequency value range for CF2 of the captured
individuals is 121.1-121.5 kHz (table 1).

Within XSNP, frequency values for CF2 of
each hipposiderid species are distinguishable
from those of the remaining ones. Results from
the present study support the roles of
echolocation research in monitoring of bats in
Vietnam [10]. The CF2 values of hipposiderids
from XSNP are similar to those of hipposiderids
from Kim Hy Nature Reserve and Tam Dao
National Park (table 2).

The constant frequency of the second

harmonic is an essential character in
echolocation research of bat species belonging
to two families: Hipposideridae and
Rhinolophidae, except Coelops frithii typically
use calls dominated at the tFM [12]. In the
world, CF2 has been a key diagnose for acoustic
identification of hipposiderids and rhinolophids
in Cambodia, India, Swaziland and other
countries [14, 15, 26]. Remarkably, some
species vary echolocation frequency among age
classes and geographically at both national and
regional scales [20, 21, 22]. Therefore, Vu Dinh
Thong (2014b) noted that “acoustic
identification = of bats requires  expert
background in bat echolocation research with
serious attention to both recordings and
examination of sound parameters” [22].

Table 2. A comparison of the CF2 values (in kHz) of hipposiderids from Xuan Son National Park

and two other localities in Vietnam

Locality Xuan Son National =~ Tam Dao National Park Kim Hy Nature
Species Park [22] Reserve [10]*
A. stoloczkanus 130.2-131.4 n/a 124.3-130.8
H. armiger 64.7-67.6 64.9-65.9 63.2-66.8
H. larvatus 84.4-87.7 85.9-88.2 83.8-89.3
H. pomona 121.1-121.5 128.2-129.1 122.0-127.7

Note: (n/a) = not available. * Data presented by the authors is the frequency with maximum of a single call,

which is approximate to the CF measure in this study.

CONCLUSION

Xuan Son National Park is a home to four
species of the family Hipposideridae: Aselliscus
stoliczkanus, Hipposideros armiger, H. larvatus
and H. pomona. Their echolocation frequencies
and morphological parameters are specific to
species. Therefore, each of the four species is
clearly distinguishable from the remainders in
both morphology and echolocation call
frequency.
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PAC PIEM HINH THAI PHAN LOAI VA TIENG KEU SIEU AM CUA CAC LOAI
DOI NEP MUI (Chiroptera: Hipposideridae) O VUON QUOC GIA XUAN SON,
VUNG PONG BAC VIET NAM

Vii Pinh Thong
Vién Sinh thai va Tai nguyén sinh vat, Vién Han lam KH & CN Viét Nam

TOM TAT

Vudn qudc gia Xuan Son 1a dia danh dugc biét dén nhiéu ¢ Viét Nam vé canh quan nti d4 voi va gia tri
da dang sinh hoc. Vudn qudc gia c6 nhiéu hang dong, hién 1a noi sinh séng ctia 20 loai doi thudc 13 giong, 4
ho. Trong do, ¢6 4 loai, Aselliscus stoliczkanus, Hipposideros armiger, H. larvatus va H. pomona, thudc ho
Hipposideridae. Truéc nam 2010, hiu hét nhiing nghlen ctru vé doi & vuon quoc gia nay méi chi tip trung
vao hinh thai phan loai. Tir nam 2011 dén 2015, tac gia da thuc hién nhiéu dot didu tra thuc dia véi ndi dung
nghién ciru tap trung vao ca dic diém hinh thai phan loai va tiéng kéu siéu am cia cac loai doi nép mii. Kich
thude hinh thai ngoai ciia mdi ca thé doi méc ludi hodc bay duoc do ngay trén thyc dia lam co sé khoa hoc dé
dinh loai. Tiéng kéu siéu 4m cua doi dugc ghi trong sinh canh séng tw nhién khi doi kiém an va trong nhimg
diéu kién thi nghiém khac nhau. Két qua diéu tra cho thdy, trong pham vi ciia vudn qudc gia Xuan Son, mdi
loai doi nép mii khac biét 13 véi cac loai con lai trong cung ho Hipposideridae boi ca dic diém hinh thai va
tan sd siéu 4m. Bai bao nay cung cip nhiing dac diém dic trung vé hinh thai va am sinh hoc cua mdi loai dé
lam co s6 cho cong tac giam sat, nghién ciru tiép theo va bao ton & vudn qudc gia trong thdi gian tdi.

Tir khéa: Mammalia, bao ton, doi, giam sat, hinh thai hoc, siéu am.
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