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Until recently, the taxon Murina cyclotis was considered to be a widespread species, albeit one that exhibited considerable
individual, sexual and geographical variation. Subsequently however, it was recognised that this taxon was in fact a complex 
of species. As such, in 2012, two larger forms were recognised as separate and distinct species, namely: M. peninsularis in the 
Sunda region and M. fionae in Laos and Vietnam. In the current paper, a new cryptic species of the cyclotis-complex is described
from peninsular Thailand based on a combination of external, craniodental and genetic differences. In addition, the population
previously referred to M. cyclotis from the Nicobar Islands is described as a new subspecies of this new species. Despite this 
work and the research of others, the taxonomy of M. cyclotis still requires further study. The description of M. peninsularis is
emended and the extensive variation in its morphological characters is addressed. The diagnostic characters of each taxon, as well
as the additional data on ecology, zoogeography, distribution, echolocation and genetics, where available, are summarised and
discussed.
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INTRODUCTION

Francis et al. (2010) suggested that Southeast
Asian Murina have high cryptic diversity. Inten-
sive field surveys using harp traps in forested areas,
coupled with more rigorous taxonomic analysis, 
including genetic studies, support this suggestion.
The total number of the Murina species recorded 
from the region is increasing rapidly such that to
date, 20 of the 34 species of Murina currently known
to science are from Southeast Asia (Sim mons, 2005;

Francis, 2008; Csorba et al., 2011; Eger and Lim,
2011; Francis and Eger, 2012; Soisook et al., 2013). 

Murina cyclotis Dobson, 1872, until recently,
was considered to be one of the most widely distrib-
uted species of the genus. As formerly understood
(sensu Corbet and Hill, 1992), it was thought to
comprise three subspecies: M. c. cyclotis from India
to mainland Southeast Asia; M. c. peninsularis Hill,
1964 from peninsular Thailand to Malaysia and
Indonesia; and M. c. eileenae Phillips, 1932 restrict-
ed to Sri Lanka. However, now it is regarded as 
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a species complex (Francis et al., 2010; Francis and
Eger, 2012) with the Sundaic taxon ‘M. c. peninsu-
laris’ treated as a separate species M. peninsularis
by Francis and Eger (2012) and the large Indo -
chinese form, referred previously to the taxon
‘peninsularis’ by Matveev and Csorba (2007) and to
‘Murina sp. B’ by Francis et al. (2010), described as
a new species, M. fionae Francis and Eger, 2012. 

During 2011–2013, specimens of Murina belong -
ing to the ‘cyclotis-complex’ were examined. This
material of M. cyclotis, M. cf. cyclotis, M. fionae, and
M. peninsularis from mainland Southeast Asia with
some additional specimens from India, Mal ay sia
and Indonesia, was made available for study from
var ious museums in Asia, Europe and North Amer -
ica (Appendix). Based on external, craniodental and
bacular morphology, as well as genetic differences,
specimens of M. cf. cyclotis from peninsular Thai -
land, including one (ROM 110439) collected from
Krabi Province, peninsular Thailand are here de-
scribed as a new species. Specimens currently refer -
red to M. cyclotis from Nicobar Islands, are described
as a distinct subspecies of the new species herein.

MATERIALS AND METHODS

Specimens of Murina deposited in various collections were
examined by at least one of the authors, the list and acronyms of
the museums/collections are as follows: Natural History Muse -
um, London, UK (BMNH); Harrison Institute, Sevenoaks, UK
(HZM); Hungarian Natural History Museum, Budapest, Hun -
gary (HNHM); Museum of Texas Tech University, Texas Tech
University, Lubbock, Texas, USA (TTU/TK); Zoological Mu-
se um, Universiti Malaysia Sarawak, Sarawak, Malaysia 
(UNIMAS), Royal Ontario Museum, Toronto, Ontario, Canada
(ROM); Institute of Ecology and Biological Resources, Viet -
namese Academy of Science and Technology, Hanoi, Vietnam
(IEBR); Kim Hy Nature Reserve Collection, Vietnam (NF);
Museum Zoologicum Bogoriense, Indonesian Institute of Sci -
ences [LIPI], Bogor, Indonesia (MZB); Princess Maha Cha kri
Sirindhorn Natural History Museum [here after PSUNHM],
Prince of Songkla University [PSU], Hat Yai, Thai land
(PSUZC); and the Thailand Natural History Museum, Pathum
Thani, Thailand (THNHM). Bat specimens held in local wildlife
research stations of the Department of National Park, Wildlife
and Plant Conservation (DNP) in Thailand were also examined;
these included reference collections in Chiang dao Wildlife Re -
search Station, Chiang Mai (CDWRS) and Halabala Wildlife
Research Station, Narathiwat (HBRWS). 

Additional specimens were collected during field surveys in
Thailand undertaken jointly between 2010 and 2013 by PSU
and the wildlife teams of the DNP. The new material was col-
lected from the following localities:

Surat Thani Province — a series of field surveys was con-
ducted between 2010 and 2011 by PS for the study of small
mammal and bird diversity in Rajjaprabha Dam, under the
‘Plant Genetic Conservation Project under the Royal Initiation
of Her Royal Highness Princess Maha Chakri Sirindhorn

(RSPG)’ (8°57’N, 98°47’E, 80 metres above sea level [hereafter
m a.s.l.]; Loc. 1, Fig. 1). Specimens were collected in a harp trap
and mist nets in secondary evergreen forest. Two species of
Murina were collected including M. suilla (Temminck, 1840)
and Murina sp. (described below) together with 25 other spe-
cies of bats (P. Soisook, S. Bumrungsri, P. Sookbangnop, and
U. Pimsai, unpublished data).

Trang Province — a field survey was conducted around Ton
Tae Waterfall, Pa Lien District (7°19’N, 99°50’E, 60 m a.s.l.;
Loc. 2, Fig. 1), on 11 January 2012. A specimen of M. suilla
and a Murina sp. were collected in a harp trap set across forest
trail in lowland evergreen forest. The other insectivorous bats
found in the same site included Rhinolophus lepidus Blyth,
1844, R. affinis Horsfield, 1823, R. malayanus Bonhote, 1903
and Kerivoula hardwickii (Horsfield, 1824).

Phattalung Province — a field survey was conducted around
Ton Phrae Thong Waterfall, Kong Ra District (7°29’N, 99°54’E,
70 m a.s.l.; Loc. 3, Fig. 1), on 13 March 2012. A specimen of 
Murina sp. was collected in a harp trap set by a stream, between 
a tree and a small bamboo grove. The other insectivorous bats
found in the same area included R. affinis, R. coelophyllus 
Peters, 1866, R. lepidus, Hipposideros atrox K. Andersen, 1918,
H. bicolor (Temminck, 1834), H. larvatus (Horsfield, 1823) and
H. pendleburyi Chasen, 1936.

Songkhla Province — a field survey was conducted around
Pha Dam Waterfall, Hat Yai District (6°49’N, 100°13’E, 150 m
a.s.l.; Loc. 4, Fig. 1), between 4–7 February 2012. The area is
covered by evergreen forest. Specimens of M. peninsularis and
M. suilla were collected in a harp trap set across a forest trail.
The other insectivorous bats found in this site included Nycteris
tragata (K. Andersen, 1912), R. affinis, R. trifoliatus (Tem -
minck, 1834), H. atrox, H. doriae (Peters, 1871), Hesperoptenus
blanfordi (Dobson, 1877), Tylonycteris pachypus (Temminck,
1840), K. hardwickii, K. pellucida (Waterhouse, 1845), K. mi-
nuta Miller, 1898 and Phoniscus atrox Miller, 1905.

Satun Province — a field survey was undertaken at Wang
Tai Nan Waterfall, Manang District (7°10’N, 100°00’E, 240 m
a.s.l.; Loc. 5, Fig. 1). The area is characterised by lowland 
primary evergreen forest. Bats were captured in harp traps set
across forest trails. Bat species found at this site included N. tra-
gata, R. affinis, R. malayanus, R. stheno (K. Andersen, 1905),
R. robinsoni (K. Andersen, 1918), R. coelophyllus, H. atrox,
H. larvatus, H. diadema (E. Geoffroy Saint-Hillaire, 1813),
K. hardwickii, K. pellucida and K. minuta.

Narathiwat Province — a series of field survey was con-
ducted between September and October 2012 in Bala Forest,
Halabala WS (ca. 5°48’N, 101°50’E, 200 m a.s.l.; Loc. 6, 
Fig. 1 — see Bumrungsri et al., 2006 for more details of the
area). Bats were captured in a harp trap set across forest trails or
over small streams. Specimens of M. suilla, M. peninsularis,
M. aenea Hill, 1964 and M. rozendaali Hill and Francis, 1984
were collected. Other insectivorous bats captured during the
survey included R. lepidus, R. trifoliatus, R. affinis, R. acumina-
tus Pe ters, 1871, H. atrox, H. bicolor, Pipistrellus stenopterus 
(Dob son, 1975), Harpiocephalus harpia (Temminck, 1840),
K. papillosa (Temminck, 1840), K. pellucida, K. minuta, Ph.
atrox and Ph. jagorii (Peters, 1866).

External measurements were taken with a dial caliper to 
the nearest 0.1 mm in the field. Specimens are preserved in 
70% ethanol. Some specimens were prepared as dry study skins.
Skulls and some bacula were extracted. Craniodental measure-
ments were taken with a digital caliper (to the nearest 0.01 mm)
under a microscope. Definitions of measurements followed
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Bates and Harrison (1997), Csorba et al. (2011) and Francis and
Eger (2012) unless otherwise stated. All measurements are in
mm except for MASS which is in grams: MASS: body mass of
the bat (newly sacrificed) — taken with 10 g Pesola scale to the
nearest 0.1 g; FA: forearm length, from the extremity of the 
elbow to the extremity of the carpus with the wings folded; HB:
head and body length, from the tip of the snout to the base of the
tail, dorsally; TAIL: tail length, from the tip of the tail to its base
adjacent to the anus; HF: hind foot length, from the extremity of
the heel behind the os calcis to the extremity of the longest 
digit, not including the hair or claws; TIB: length of tibia, from
the knee joint to the ankle; 5MET, 4MET, 3MET: length of the
metacarpal of the fifth, fourth and third digits respectively, 
taken from the extremity of the carpus to the distal extremity of
each metacarpal; 3D1PH, 3D2PH: first/second phalanx respec-
tively of the third digit — taken from the proximal to the distal
extremity of the phalanx; E: ear length, from the lower border
of the external auditory meatus to the tip of the pinna; TRG: 
tragus length, as ear length but to the tip of the tragus; GTL:
greatest length of skull, the greatest antero-posterior length of
the skull, taken from the most projecting point at each extremi-
ty; CBL: condylobasal length, from the exoccipital condyle to
the anterior part of the upper incisor; CCL: condylo-canine

length, from an exoccipital condyle to the anterior alveolus of 
a canine; ZB: zygomatic breadth, the greatest width of the skull
across the zygomatic arches; BB: breadth of braincase, greatest
width of the braincase at the posterior roots of the zygomatic
arches; BCH: braincase height — from the basisphenoid at the
level of the hamular processes to the highest part of the skull, in-
cluding the sagittal crest (if present), MW: mastoid width, great-
est width across the mastoid; IC: interorbital constriction, the
least width of the interorbital constriction; LW: lacrimal width,
greatest width across the lacrimal tubercles at the rostral mar-
gins of the orbits; C–M3 : maxillary toothrow length, from the
front of the upper canine to the back of the crown of the third
upper molar; C–P4: upper canine–premolar length, from the
front of the upper canine to the back of the crown of the second
premolar; M3–M3: palatal width, taken across the outer borders
of the third upper molar, taken at the widest part; C1–C1: great-
est anterior palatal width measured across the outer borders of
the canines, taken at the widest part; C–M3: mandibular tooth -
row length, from the front of the lower canine to the back of the
crown of the third lower molar; M: mandible length, from the
most posterior part of the condyle to the most anterior part of 
the mandible; CPH: least height of the coronoid process — from
the tip of the coronoid process to the apex of the indentation on
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FIG. 1. Distribution of M. guilleni sp. nov. (circles), M. cyclotis (squares), M. fionae (triangles) and M. peninsularis (diamonds). The
black symbols refer to specimens examined by the authors, whereas the blank symbols refer to records from literature or released 

individuals. The list of specimens and samples are included in the Appendix



the inferior surface of the ramus adjacent to the angular process;
TRM1: length of the trigonid of the first lower molar — meas-
ured on the lingual side of the tooth when viewed from above,
from the most anterior part to the most posterior part of the
trigonid cusp; TAM1: length of the talonid of the first lower mo-
lar — measured on the lingual side of the tooth when viewed
from above, from the most posterior part of the trigonid cusp to
the most posterior part of the talonid; BL: greatest length of the
baculum — measured from the most posterior to the most ante-
rior part. Drawings were made under microscope with a camera 
lucida by PS. Statistical analysis was performed in R 2.14 
(R Development Core Team, Vienna, www.R-project.org).

Calls were recorded from individual bats flying freely in 
a 4 × 4 m room or in a 3 × 3 m enclosure made from mosquito
nets. During the study, two recorders were used: either a Pet -
tersson D-1000X ultrasound detector set in 10× time-expansion
mode and a sampling rate of 768 kHz or a Pettersson D-240X
set in 10× time expansion mode connected to an iRiver iHP-120
Multi-Codec Jukebox Recorder. Calls were transferred to 
a com puter for analysis in BatSound — Sound Analysis Version
4.1.4 (Pettersson Electronics and Acoustic AB). Four call pa-
rameters were measured including: start frequency [sf] and 
terminal frequency [tf] (in kHz) measured by using the measure-
ment cursor in the spectrogram, the frequency of maximum 
energy [fmaxe] measured in the power spectrum, and call dura-
tion [d] (in ms) measured by using the marking cursor in the am-
plitude window. A sampling frequency of 44.10 kHz was used
and produced a spectrogram using Automatic Fast Fourier
Trans forms (FFT) with a Hanning window. At least ten calls
with good signal-to-noise ratio from each individual were cho-
sen for analysis.

Genetic material were taken from the wing membrane,
tongue or liver and stored in 1.5 ml microtubes with absolute 
alcohol. Tissue materials were analysed following standard pro-
tocols of DNA extraction, gene amplification, and nucleotide
sequencing as outlined in Francis et al. (2010) and Ivanova et al.
(2012) for mammalian DNA Barcode analyses. The cytochrome
oxidase-I (COI) gene of 657 bp sequences from our samples
were analysed using the Neighbour-joining tree algorithms (NJ)
implemented within the Barcode of Life Data Systems (BOLD)
using Harpiocephalus harpia as an outgroup (e.g., Khan et al.,
2010). In addition, public data were included for specimens of
the cyclotis-complex from other geographical areas; these were
published in Francis et al. (2010) and deposited in BOLD.
Genetic divergence values between samples were calculated 
using the Kimura 2-parameter model.

SYSTEMATIC DESCRIPTION

Murina cyclotis Dobson, 1872
Round-eared tube-nosed bat

Murina cyclotis Dobson, 1872: 210; Darjeeling, NE India.
Murina eileenae Phillips, 1932: 329; Mousakande, Gammadu -

wa, East Matale Hills, Sri Lanka.

Description and taxonomic notes
This is a small-medium sized tube-nosed bat

with a FA of 29.4–36.8 mm (Table 1). Females have
an average larger body size than males, with a mean
FA of 33.9 mm versus 30.7 mm, respectively. Ear
length (E) is 12.0–17.6 mm. However, the shape of

the pinna is variable between individuals, from
broad ly round with a convex anterior border to nar-
rower, somewhat more elliptical and less convex.
Dorsal pelage is dark grey basally and orange-brown
at the hair tips; the pelage extends onto the tail mem-
brane and the hind feet. The hairs of the ventral
pelage are grey basally with light grey to whitish-
brown tips (Fig. 2b) or with a light orange-brown
tinge in some individuals. Each wing membrane is
attached near the base of the claw of the outer toe. In
the skull, the GTL is 15.86–18.18 mm and the CCL
is 13.60–16.17 mm (Table 2). The rostral profile is
relatively long with a well-defined concavity in the
interorbital region (Fig. 3b). The braincase is rela-
tively low, with a BCH of 6.08–7.22 mm (Table 2),
and the sagittal crest is well-defined (Fig. 3b). The
upper canine exceeds the P4 in height. The height of
the P2 is about two-thirds that of the P4. In occlusal
view, the shape of P2 and P4 are rounded and similar
in size (Fig. 4b). The M1 and M2 are without meso -
styles, and their labial surfaces have a U-shaped in-
dentation. In the lower dentition, P2 and P4 are equal
in height and about two-thirds that of the C1. The
crown area of the P2 is slightly more than half that of
the P4 (Fig. 4b). The talonid of the M1 is between half
and two-thirds the crown area of its respective trigo-
nid, averaging 59.60% in males and 60.52% in fe-
males, the range for both sexes is 46.51–71.79% 
(n = 23). The entoconids of the M1 and M2 are equal
or exceeded in height by their hypoconids. The bac-
ulum is very small (BL 0.8 mm). The dorsal surface
is arched upwards and the ventral surface is deeply
concave. The anterior border has a distinct concavity
and it is M-shaped on the posterior border (Fig. 5b). 

Although regarded as a subspecies of M. cyclotis
by some authors (Ellerman and Morrison-Scott,
1951; Eisenberg and McKay, 1970; Corbet and Hill,
1992), the four specimens of eileenae we examined
from Sri Lanka (including the holotype) are very
similar morphologically to cyclotis from elsewhere
in its range. The differences, including those in 
the original description of Phillips (1932), such as
having less bright pelage colour and darker wing
membranes are actually very slight as noted by 
Hill (1964). Following Koopman (1993), Bates 
and Har  rison (1997), Molur et al. (2002) and Sim-
mons (2005), we regard eileenae as a synonym of 
M. cyclotis.

However, much of the taxonomy of M. cyclotis
remains unresolved, especially since morphological
and genetic data from India are difficult to access,
particularly from the type locality. In Indochina, 
extreme morphological variation has been observed,
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notably in hair colour and ear shape (as above).
However, curiously there is remarkably little varia-
tion in craniodental characters. Further intensive
taxonomic study of this species, with a combination
of morphological and genetic data, especially for
Indian specimens, would be of particular interest.

Specimens of M. cyclotis from the Philippines,
which previously have not been assigned to any sub-
species (e.g., Corbet and Hill 1992; Ingle and Hea-
n ey, 1992; Simmons, 2005) were not available for
examination in this study. Based on the description,
together with the measurements of four specimens
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FIG. 2. Four Murina species: (a) M. guilleni sp. nov., Y, PSUZC-MM 2013.15 (paratype), from peninsular Thailand, (b) M. cyclotis,
Y, PSUZC-MM 2006.179, from NE Thailand, (c) M. fionae, Y, T.160811.3, from Vietnam, (d) M. peninsularis, Y, PSUZC-MM 

2012.12, from peninsular Thailand. Not to scale
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(FA 36–39 mm, CCL 15.8–16.8 mm, C–M3 5.9–6.3
mm) and drawings provided in Ingle and Heaney
(1992), it appears that they agree closely with either
M. peninsularis from the Sundaic subregion or 
M. fionae from Indochina (see below). However,
currently, it is too speculative to assign this popula-
tion to either taxa. Further study with genetic data
from a series of specimens from the Philippines is
required.

Echolocation
Based on two individuals from Loei Province,

northeast Thailand, it is apparent that M. cyclotis
uses typical broadband frequency-modulated (FM)
signals with an fmaxe of 96.3, 109.0 kHz and d of
1.5, 2.3 ms. The sf and tf are 141.0, 163.0 kHz and
56.0, 72.0 kHz, respectively. 

Ecology and habitat 
Murina cyclotis is recorded from a range of 

forest habitats, including lowland, wet and hill 
evergreen forest, mixed deciduous forest and dry
dipterocarp forest; elevations range from about sea
level (PSUZC) to 1,650 m a.s.l. (BMNH). In April
2008, a pregnant female was captured in a harp trap, 
which was set over a streamlet in evergreen for-
est in Ratchaburi Province, western Thailand. This 
individual was subsequently released (PS, unpub-
lished data). 

Distribution 
Murina cyclotis ranges from India (see also

Bates and Harrison, 1997), Sri Lanka, and Nepal to
Myanmar, Laos (see also Francis and Eger, 2012;
Thomas et al., 2013), Vietnam, China (Guangxi and
Hainan Island), Thailand (north of the Isthmus of
Kra), Cambodia and the Philippines (see Heaney et
al., 1998) (Fig. 1, Appendix).

Murina guilleni sp. nov.
(Figs. 1–9, Tables 1–3)

Holotype
PSUZC-MM 2010.22 (field number PS100

419.2), adult male, body in alcohol, skull and bacu-
lum extracted, collected by P. Soisook on 19 April
2010.

Type locality
Rajjaprabha Dam, Ban Takhun District, Surat

Thani Province, peninsular Thailand, 8°57’N,
98°47’E, 80 m a.s.l. (Loc. 1, Fig. 1).

Paratypes
PSUZC-MM 2010.23 (field number PS100419.3),

lactating female; PSUZC-MM 2011.42 (field num-
ber PS110831.6), adult female, from the same site as
the holotype; PSUZC-MM 2012.7 (field number
PS120111.2), adult male, from Ton Tae Waterfall, 
Pa Lien District, Trang Province, Thailand;
PSUZCMM 2013.15 (field number PS130625.1),
adult male, from Wang Tai Nan Waterfall, Manang
District, Sa tun Province, Thailand; PSUZC-MM
2012.8 (field number PS120313.6), adult male, Ban
Ton St., Khao Bantad WS, Phattalung, S. Thailand;
PSUZC-MM 2008.3 (field number SB080103.4),
adult male, Yaroi Waterfall, Taleban NP., Satun, 
S. Thailand; PSUZC-MM 2007.350 (field number
SB071222.1), adult male, Ban Vang Pha, Songkhla,
S. Thailand; PSUZC-MM 2007.154 (field number
SB070224.1), Makling Waterfall, Rattaphum,
Songkhla, S. Thailand.

Referred specimens
ROM 110439 (field number AGS 970412-01),

adult female, from Khao Nor Chuchi Reserve 
(= Khao Pra Bang Kram WS), Klong Tom District,
Kra bi Province, Thailand. Referred specimens from
the Nicobar Islands are listed below in M. guilleni
ssp. nov.

Diagnosis
This is a small-medium sized Murina with an 

average FA of 34.0 mm (range 31.9–35.9 mm).
Males have a slightly smaller body size than fe-
males, with an average FA of 33.5 and 34.9 mm 
respectively. The dorsal pelage is grey basally 
with orange-brown tips. The ventral pelage is less
bright, being uniformly dark grey except around 
the neck and over the chest where the hairs have 
a dark grey base and are tinged with orange-brown
at the tip (Fig. 2a). Each plagiopatagium is dark
brown and attached to the side of the foot near the
base of the claw of the outer toe. The GTL is
16.40–18.10 mm, and the CCL is 14.47–15.76 mm.
The upper and lower canines exceed the respective
premolars in height (Fig. 3a). The upper premolar
(P2) is sub-equal to about two-thirds the height of
the P4. The first and second upper molars (M1

and M2) are without a mesostyle and the labial 
surfaces have a V-shaped indentation (Fig. 4a). The
crown area of the talonid of the first lower molar
(M1) is about half to two thirds that of its respective
trigonid. 

Measurements of the holotype (in mm) are as fol-
lows: FA: 34.0, E: 12.6, HB: 48.0, TAIL: 35.2, HF:
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8.1, TIB: 19.6, 3MET: 31.4, 4MET: 29.2, 5MET:
31.1, 3D1PH: 15.3, 3D2PH: 14.4, GTL: 17.03,
CBL: 15.62, CCL: 14.88, ZB: 9.72, BB: 7.74, BCH:
6.57, MW: 8.15, IC: 4.31, LW: 5.17; C–M3: 5.44,
C–P4: 2.85, C1–C1: 4.16, M3–M3: 5.80, C–M3: 6.00,
M: 11.43, CPH: 4.78, TRM1: 0.8; TAM1: 0.4, BL:
1.0, MASS: 6.5 g. 

Etymology
The species is named in honour of Antonio

Guillén-Servent, who collected the first specimen of
this species (ROM 110439) from Krabi, peninsular
Thailand in 1997. The proposed English name is
‘Guillén’s Tube-nosed bat’.

Description
This is a small-medium sized Murina with a FA

of 31.9–35.9 mm, HB 42.0–51.6 mm and a body
mass of 3.0–8.0 g (Table 1). Males are slightly
smaller than females, with an average FA of 33.5
mm vs. 34.9 mm, and a CCL of 14.88 vs. 15.26 mm
(Tables 1 and 2). The ear is 11.4–15.2 mm in height,
and is rounded with no distinct emargination on the
posterior border of the pinna. The tragus is white
and short, 7.6–9.2 mm, which is more than half the
height of the ear (Fig. 2a). The dorsal pelage is grey
basally with orange-brown tips. The ventral pelage
is almost uniformly dark grey, although around the
neck and chest there is an orange-brown tinge. 
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FIG. 3. Lateral view of the skulls of four Murina species: (a) M. guilleni sp. nov., Y, PSUZC-MM 2010.22 (holotype), from
peninsular Thailand, (b) M. cyclotis, Y, PSUZC-MM 2006.179, from NE Thailand, (c) M. fionae, Y, field no. 025, from Vietnam, 

(d) M. peninsularis, Y, PSUZC-MM 2012.196, from peninsular Thailand. Scale = 5 mm



In the wings, each plagiopatagium is naked and
dark brown in colour, and is attached to the distal
phalanx, near the base of the claw of the outer toe.
The third metacarpal (3MET), 30.9–32.6 mm, is 
the longest but only slightly longer than the fifth
metacarpal (5MET), which is 30.6–31.8 mm. The
fourth metacarpal (4MET) is the shortest, 29.2–31.3
mm (Table 1). The first (3D1PH) and second pha-
langes (3D2PH) of the third digit are 14.3–15.3 mm
and 14.0–14.5 mm, respectively. The feet are cov-
ered with orange-brown hairs dorsally and are 
relatively small, 7.7–9.4 mm, 43.5–47.7% of tibia
length (17.7–19.7 mm). Orange-brown hairs are also

found on the back of the uropatagium. The tail is
28.1–42.0 mm in length.

In the skull, the greatest length (GTL) is
16.40–18.10 mm, CBL 14.93–16.43 mm, and CCL
14.47–15.76 mm (Table 2). Each zygoma is thin and
without a distinct dorsal process; the breadth (ZB) is
9.12–10.02 mm. The breadth of braincase (BB) and
mastoid (MW) are 7.53–8.13 mm and 7.68–8.43
mm, respectively. In lateral view, the rostrum is 
relatively short and exhibits only a slight concavity.
The basioccipital pit is shallow. The braincase is rel-
atively high, with the BCH of 6.57–7.10 mm, and
the sagittal crest is poorly developed, with a slight
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FIG. 4. Occlusal view of left upper (left of each pair) and right lower dentition (right of each pair) of four species of Murina: 
(a) M. guilleni sp. nov, Y, PSUZC-MM 2010.22 (holotype), from peninsular Thailand, (b) M. cyclotis, Y, PSUZC-MM 2006.179,
from NE Thailand, (c) M. fionae, Y, field no. 025, from Vietnam, (d) M. peninsularis, Y, PSUZC-MM 2012.196, from peninsular 

Thailand. Scale = 5 mm



indication over the anterior part of the braincase
(Fig. 3a). The upper toothrows converge anteriorly;
the width at C1–C1 (3.86–4.44 mm) is 68.30–78.08%
of that at M3–M3 (5.24–5.87 mm). The upper 
canine–second upper premolar length (C–P4; 2.50–
3.05 mm) is 45.53–52.39% of the maxillary tooth -
row length (C–M3; 5.39–5.91 mm). The inner upper
incisor (I2) and the outer upper incisor (I3) are about
equal in height. I2 is placed almost in line with I3, 
so that in lateral view, I2 is almost obscured by I3

(Fig. 3a). The upper canine (C1) is relatively large in
comparison to the first (P2) and second upper pre-
molars (P4). The crown area and the height of the P2

are about two-thirds to subequal that of P4, and are
about subequal to that of the upper canine (Fig. 4a).
P2 and P4 are both wider than long and somewhat 
elliptical in shape. The first (M1) and second molars
(M2) are without a mesostyle, and the labial sur-
face of both teeth is concave with a well-defined 
V-shape. 

In the lower jaw, the mandible length (M) is
11.13–12.34 mm. The lower incisors (I1 to I3) are 
all tricuspidate. The mandibular toothrow length

(C–M3) is 5.83–6.43 mm. The height of the lower
canine (C1) exceeds that of the first (P2) and sec-
ond lower premolars (P4), which are equal in height.
P2 is about half the crown area of the C1 and about
two-thirds that of the P4. The anterior and posterior
basal cusps of P2 are partially placed above the 
posterior border of C1 and the anterior border of 
P4 (Fig. 4a). P4 is relatively large and rectangular in
shape, with a crown area about two-thirds that of 
the lower canine. The talonid of the first (M1) and
second lower molars (M2) is about half to two 
thirds that of its respective trigonid in size; 50.00–
70.00% and 50.00–73.68% in M1 and M2, respec-
tively. The height of the hypoconid exceeds that 
of its entoconid in both M1 and M2. The coro-
noid process is well developed, 4.01–5.15 mm in
height. 

The baculum is heart shaped, with a M-shape on
the anterior margin and a pointed projection on the
posterior margin. The greatest length of the baculum
(BL) is 1.0 mm and the width is 0.8 mm. The dorsal
surface is arched upwards and the ventral surface is
deeply concave (Fig. 5a).
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FIG. 5. Ventral (left of each pair) and dorsal (right) views of the bacula of four species of Murina: (a) M. guilleni sp. nov., PSUZC-
MM 2010.22 (holotype), from peninsular Thailand, (b) M. cyclotis, PSUZC-MM 2005.203, from SE Thailand, (c) M. fionae, field

no. 18, from Vietnam, (d) M. peninsularis, PSUZC-MM 2006.160, from peninsular Thailand. Scale = 1 mm



Echolocation
Murina guilleni emits typical broadband fre-

quency-modulated (FM) signals with the energy dis-
tributed throughout the call. The fmaxe of two male
specimens was 120.1–155.7 kHz, with a d of 1.8–
3.8 ms. The sf and tf were 175.0–184.0 kHz and
53.0–63.0 kHz, respectively. The call parameters of
a female specimen were similar to those of the two
male specimens, except for the sf which was lower,
159.0–167.0 kHz; other measurements overlap, tf
of 50.0–57.0 kHz, fmaxe of 120.7–157.7 kHz, and 
d of 2.4–3.0 ms. 

Ecology and habitat
This species is found in disturbed secondary 

forest and undisturbed primary evergreen forest 
in peninsular Thailand. It was captured along for-
est trails, by a stream, and in the understorey. It
shares these habitats with several other insectivo-
rous bat species (see Method section). In April 2010,
a pair of male and female specimens was captur-
ed together in harp trap at the type locality; the 
female appeared to be lactating. The female spec-
imen ROM 110439 collected from Khao Pra Bang
Kram WS on 12 April 1997 was also lactating 
(A. Guillén-Ser vent, personal communication). In
the Nicobar Islands, India, specimens were collect-
ed in gallery forests (see below; BA, unpublished
data).

Distribution
Currently, this species has been found in seven

localities in six provinces of peninsular Thailand
and five localities in the Nicobar Islands (Fig. 1,
Appendix). It was found sympatrically with the 
larger species, M. peninsularis, but there is no over-
lap in geographical range with M. fionae or M. cy-
clotis (Fig. 1).

DISCUSSION

Comparison with Other Species

Murina guilleni is very similar to M. cyclotis.
However, it can be distinguished by its relatively
larger size and various craniodental characters.
Although the size of M. guilleni falls within at least
part of the range of M. cyclotis, the mean scores of
all the measurements in both sexes show that it is
generally larger (Tables 1 and 2). In M. guilleni,
males and females have an average FA of 33.5 mm
and 34.9 mm, and a CCL of 14.88 and 15.26 mm, 
respectively. These exceeds those of M. cyclotis,

which has an average FA of 30.7 mm and 33.9 mm
and CCL of 14.45 mm and 15.22 mm, in males 
and females, respectively (Fig. 6, Tables 1 and 2).
The dorsal pelage of M. guilleni resembles that of
M. cyclotis but differs somewhat in the ventral
pelage, in which M. guilleni is duller being dark
grey rather than the whitish-brown of M. cyclotis
(Fig. 2). In the skull, the rostral concavity is less 
pronounced in M. guilleni than in M. cyclotis. The
braincase of M. guilleni is more domed and higher,
with an average BCH of 6.68 mm and 6.86 mm in
males and females, respectively, whereas the com-
parable figures for M. cyclotis are 6.49 mm and 
6.57 mm (Fig. 3, Table 2). The first upper premolar
(P2) of M. guilleni is about two-thirds to subequal
that of the second (P4) in height crown area, where-
as in M. cyclotis, the height of P2 is two-thirds and
the crown area about equal to that of the P4. The 
relative size of the talonid in comparison to its re-
spective trigonid of the first (M1) and second lower 
(M2) molars of M. guilleni is smaller, about half to
two-thirds, where as in M. cyclotis this proportion is
variable from more or less about half to about two-
third (Fig. 4).

In the baculum, the posterior margin of M. guil-
leni is pointed whereas it is M-shaped in M. cyclotis
(Fig. 5). However, it is noteworthy that the baculum
of Murina could be variable, and using bacular mor-
phology in the identification of Murina species has
not been widely accepted. Based on our examina-
tion, the baculum of Murina is generally very small,
fragile and easy to crack, which may lead to mis-
leading conclusions in species identification. 

Murina guilleni is distinctly smaller in external
and cranial characters compared to both M. fionae
and M. peninsularis (Fig. 6, Tables 1 and 2). Al -
though there is some overlap in measurements be-
tween larger female specimens of M. guilleni and
smaller male specimens of M. peninsularis, compar-
ison between the same sexes of both species can
readily distinguish them apart. Besides size, the
skulls of M. fionae and M. peninsularis are more 
robust, each with a massive upper canine and 
heavy rostrum (Fig. 3). Murina guilleni also differs
from M. fionae and M. peninsularis in the general
appearance of the pelage and the height of the P2

(Figs. 2 and 3).
A multivariate analysis based on one external

(FA) and nine craniodental measurements (Table 3)
of a total of 124 specimens clearly separates M. cy-
clotis, M. fionae and M. peninsularis from each 
other, whereas M. guilleni is situated midway be-
tween the three species (Fig. 7).
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Genetic Analyses

Although quite similar morphologically, results
from the genetic analyses showed approximately
15–17% divergence between M. guilleni from
peninsular Thailand and M. cyclotis from Indochina.
Murina guilleni also form a statistically supported
(bootstrap > 80%) monophyletic sister clade with 
a genetic divergence value of 10% to a specimen
identified as M. cf. cyclotis from India (Fig. 8). The
morphological comparison of the external (i.e., FA

of 34.2 mm), craniodental (i.e., CCL of 15.25 mm) 
and bacular characters of the male specimen (HZM
17.36447) from South India (Tamil Nadu) suggest
that it is more similar to M. guilleni than speci-
mens referred to M. cyclotis from elsewhere.
However, with only a single specimen from the 
area, it is premature to determine whether this spec-
imen represents a new species or belongs to a re-
cognised species. Further study with more samples
from the area and additional genetic analyses is 
recommended. 
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FIG. 6. Boxplots of the measurements of FA and CCL for females (left of each taxon) and males (right of each taxon) of M. g. guilleni,
M. g. nicobarensis, M. cyclotis, M. peninsularis and M. fionae. The horizontal line within the boxes indicate median values and 

the black points indicate mean values



Murina guilleni nicobarensis subsp. nov.
(Figs. 1, 6–9, Tables 1–3)

Holotype
HZM 14.35312 (field number 15304336), adult

male, body in alcohol, skull extracted, exact date not
known.

Type locality
Great Nicobar Island, Nicobar Islands, India

(7°8’N, 3°55’E).

Paratypes
HZM 12.35277 (field number TIL09 34), adult

male, dry skin, skull extracted, from Tillanchong,
Nicobar Islands, India; HZM 15.35319, adult fe-
male, body in alcohol, skull extracted, from Trinket,
Nicobar Islands, India; HZM 13.35278 (field num-
ber 15322338), adult male, body in alcohol, skull
extracted, from Camorta, Nicobar Islands, India;
HNHM 2004.13.1 (field number BOMBAT27),
adult female, body in alcohol, skull extracted, from
Bompuka, Nicobar Islands, India.

Diagnosis
This taxon is described as a subspecies of 

M. guilleni based on its general similarity in exter-
nal and craniodental characters. In contrast to the
nominate race, males appear to be slightly larger
than females in FA and skull size (Fig. 6, Tables 1
and 2). The dorsal and ventral pelage, as in the nom-
inate subspecies, has a grey base with orange-brown 
tips on the back, and is uniformly dark grey on the
underside. 

Etymology
The subspecific name refers to the Nico-

bar Is lands, where specimens of this taxon were 
collected.

Description and taxonomic notes
This is a small-medium sized Murina with a FA

of 32.6–35.3 mm (Table 1) and a CCL of 14.65–
15.38 mm (Table 2). The dorsal pelage is grey at the
base and orange-brown at the tip. The ventral pelage
is uniformly dark grey. Each wing is attached near
the base of the claw of the outer toe. The brain-
case is relatively high, with a BCH of 6.57–6.79 mm
and a poorly developed sagittal crest. The upper 
canine exceeds that of the P4 in height. P2 is about
two-thirds the height and the crown area of P4

(Fig. 9). The upper (C–M3) and the lower (C–M3)
toothrow lengths are 5.39–5.73 mm and 5.91–6.26
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mm, respectively. The height of the first and sec-
ond (P2 and P4) lower premolars are about equal 
and about two-thirds that of the lower canine in
height. The crown area of the talonid of M1 and 
M2 is about half to two-thirds that of the trig-
onid, and the entoconid is about equal in height 
to the hypoconid. The coronoid process (CPH) 
is 4.01–4.44 mm. The baculum is essentially simi-
lar to the nominate subspecies from peninsular
Thailand.

As in M. g. guilleni, the taxon nicobarensis is
larger than M. cyclotis and smaller than M. fio-
nae and M. peninsularis. It is, in general, very simi-
lar to the taxon guilleni. In the skull, the average
skull size of nicobarensis is slightly larger in male
specimens (i.e., CBL 15.55 mm, CCL 14.96 mm),
and slightly smaller in female specimens (CBL
15.65 mm, CCL 15.00, 15.01 mm) than the main-
land subspecies (CBL 15.46 mm, CCL 14.85 mm 
in male; and CBL 16.10 mm, CBL 15.43 in fe-
male) as described above (Table 2, Fig. 6). The
height of the P2 of nicobarensis is about two-thirds
that of the P4 (Fig. 9), whereas it is subequal in 
guilleni. The ventral pelage, although very similar 
to that of specimens from peninsular Thailand, is
somewhat darker. A future study with a greater sam-
ple size and including genetics may prove that this 
geographically isolated population is specifically
distinct. 

Ecology and habitat
Specimens of M. g. nicobarensis were collected

in mist nets set across streams in gallery forests. It
was observed flying slowly in lower strata of the
forest to the maximum height of 4.5 m above ground
(BA, unpublished data).

TABLE. 3. Factor loading scores of the characters used in PCA
(Fig. 7) and variance explained by the first and second
components. Definitions of measurement are included in the
Method section

Characters PC1 PC2

FA -0.313 0.115
CCL -0.330 0.293
BB -0.309 -0.373
BCH -0.300 -0.454
MW -0.327 -0.261
PCH -0.308 -0.312
C–M3 -0.320 0.381
M3–M3 -0.309 0.234
C1–C1 -0.327 -0.093
C–M3 -0.319 0.426

Variance explained (%) 82.0 5.5



Distribution
It is currently known from five specimens col-

lected from the Nicobar Islands (Fig. 1, Appendix).
Individuals of Murina similar to this species were
also captured in Katchal, Nancowrie and Tressa
where the bats were subsequently released (BA, un-
published data).

Murina fionae Francis and Eger, 2012
Fiona’s tube-nosed bat

Murina peninsularis, Matveev and Csorba, 2007: 100.
Murina CMF sp. B Francis et al., 2010: 6.
Murina fionae Francis and Eger, 2012: 32; Pha Deng, ≈ 8 km 

E of Ban Navang, Khammouan Province, Laos.

Description and taxonomic notes
This is a medium-large sized Murina with a FA

of 34.5–40.1 mm. The ear is rounded with a pinna
height (E) of 12.1–15.6 mm (Table 1). The dorsal
pelage is pale buff basally and orange-brown at the
tips, with longer guard hairs scattered from the head,
over the back and to the uropatagium. The ventral
pelage is uniformly pale buff-orange, but more
whitish near the chin (Fig. 2c). The third metacarpal
(3MET) is about equal in length with the fifth
(5MET), 32.5–35.4 mm and 32.5–36.0 mm, respec-
tively. The fourth metacarpal (4MET) is the shortest,
31.1–34.7 mm (Table 1). Each plagiopatagium is 
attached to the distal phalanx near the base of the
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FIG. 7. Principal component analysis (first and second components) based on one external and nine craniodental characters of 
67 male specimens (a), and 57 female specimens (b) of M. g. guilleni (black circles), M. g. nicobarensis (white circles), M. cyclotis 
(triangles), M. fionae (diamonds) and M. peninsularis (squares). Variance explained of the PC 1 and PC 2 are 82.0% and 5.5%, 

respectively. Loading scores are in Table 3
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claw. The skull is relatively large and heavily-built,
with a GTL of 17.53–19.26 mm and the CCL of
15.32–16.87 mm (Table 2). The braincase is rela-
tively high (BCH 6.53–7.50 mm) with a well-devel-
oped sagittal crest which is connected to the lambda
(Fig. 3c). The maxillary toothrow length (C–M3) is
5.72–6.40 mm, and is slightly convergent anteriorly,
with the ratio between C1–C1 and M3–M3 of
72.76–80.34%. The upper canine (C1) is rounded,
very large, and greatly exceeds the second upper
premolar (P4) in size (Fig. 3c). The mesostyle of
both the first (M1) and second (M2) upper molars is
greatly reduced. The size of the talonid of the M1
and M2 is half that of the trigonid (Fig. 4c), and the
entoconid is about equal in height to the hypoconid.
The baculum is almost similar to that M. guilleni but
somewhat less rounded and the pointed projection
on the posterior margin is more elongated (Fig. 5c).
The dorsal surface is arched upwards and the ventral
surface is deeply concave with a total length (BL) 
of 1.1 mm.

Morphologically, M. fionae is very similar to 
M. peninsularis (see below). However, the skull size
(for example, CCL) of M. fionae averages larger
than that of M. peninsularis (Fig. 6, Table 2). The
upper canine of M. fionae is more massive and its
crown area greatly exceeds that of the second upper
premolar whereas it only slightly exceeds it in 
M. peninsularis. In the DNA barcode, there is an ap-
proximately 16% difference between specimens
from Laos and peninsular Thailand. Furthermore,
geographically the two species are isolated from
each other (Fig. 1). Clearly, the two taxa represent
distinct species (Fig. 7). 

Ecology and habitat
This species has been collected in wet, hill ever-

green forest at an altitude of 830–1,140 m a.s.l. on
the Annamite Mountains (Francis and Eger, 2012).
The specimen from Cambodia (HNHM 2005.81.16)
was collected in semi-deciduous forest at an altitude
of 290 m. 
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FIG. 8. Neighbour-joining tree based on DNA barcodes of M. guilleni sp. nov., M. cyclotis, M. fionae and M. peninsularis. Numbers 
close to tree branches/node indicate the NJ bootstrap support value



Distribution
Currently, M. fionae is known from Laos, Viet -

nam and Cambodia (Fig. 1, Appendix — see also
Fran cis and Eger, 2012; Thomas et al., 2013). 

Murina peninsularis Hill, 1964
Peninsular tube-nosed bat

Murina cyclotis peninsularis Hill, 1964: 55; UIu Chemperoh,
near Janda Baik, Bentong District, Pahang, Malaysia.

Redescription and taxonomic notes
This is a medium-large sized Murina with a FA

of 33.8–39.4 mm. Males average smaller than fe-
males; mean FA of 35.7 mm (33.8–38.1 mm) vs.
37.7 mm (34.5–39.4 mm). The anterior border of the
ear is curved and is without a distinct emargination
on the posterior border; the tip is rounded and the
height is 11.9–18.8 mm. The tragus is buff and rela-
tively high; 7.4–10.3 mm, exceeding half the height
of the pinna (Table 1). The dorsal pelage is buff
basally and copper-brown to orange-brown at the
tips with guard hairs of the same colour scattered
over the dorsal side. The ventral pelage is relatively
short, pale buff basally and greyish-brown at the tips
but with more orange near the chin and on the side
of the abdomen (Fig. 2d). In the wing, the third
metacarpal (3MET) is slightly longer than the fifth
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FIG. 9. Skull of M. g. nicobarensis ssp. nov., Y, HZM 14.35312 (holotype) from Great Nicobar Island, India. Scale = 5 mm

(5MET); 32.0–37.7 mm and 31.3–36.8 mm, respec-
tively; whereas the fourth (4MET) is the shortest,
with 29.9–36.4 mm (Table 1). Each plagiopatagium
is dark brown and attached to the distal phalanx near
the base of the claw. 

The skull is heavily-built and relatively large,
with a GTL of 17.39–19.33 mm and CCL of 14.90–
16.89 mm (Table 2). The braincase is domed with 
a well-developed sagittal crest (Fig. 3d). However,
the braincase shape is variable, particularly in fe-
male specimens, from slightly domed to highly
domed, with a BCH of 6.79–8.37 mm (Table 2). The
rostrum is short and bulbous; it accommodates 
a massive upper canine, which exceeds the height
and crown area of the second upper premolar (Figs.
3 and 4). The inner upper incisor (I2) is placed later-
al to the outer incisor (I3) and is almost invisible 
in side view (Fig. 3d). The first upper premolar (P2)
is subequal to that of the second (P4) in height, 
and about two-thirds in crown area (Figs. 3d and
4d). The first and second upper molars are without 
a meso style, and the labial surface has a deep 
V-shape indentation (Fig. 4d). The maxillary tooth -
rows are almost parallel, with a ratio between C1–C1

and M3–M3 of 76.30–86.52%; the C–M3 is 5.52–
6.39 mm. All three lower incisors are tricuspidate.
The first (P2) and second (P4) lower premolars are



about equal in height and about two-thirds that of
the lower canine. The talonid of the first and second
lower molars (M1 and M2) is about half the size of
its respective trigonid (Fig. 4d); the height of the en-
toconid is equal to, or slightly less than, that of its 
respective hypoconid. 

The baculum is almost oval in shape; the anteri-
or margin is rounded or very slightly concave, the
posterior margin is pointed (Fig. 5d). The dorsal side
is arched upwards and the ventral side is deeply con-
cave. The total length of the baculum (BL) is 1.8 mm. 

As mentioned above that the shape of the brain-
case is highly variable. External, dental and bacular
morphology, however, show no significant differ-
ences between specimens examined. DNA barcodes
also reveal a genetic distance of only about 1–2%
among specimens from peninsular Thailand to
Sumatra. However, further genetic studies, particu-
larly between populations from the major islands of
the Sunda, would be of particular interest. As above,
although the measurements of specimens from the
Philippines in Ingle and Heaney (1992) agree with
M. peninsularis, it is not advisable to assign them to
this species without examining relevant material. 

Echolocation
Free-flying individuals of M. peninsularis col-

lected in peninsular Thailand emitted typical broad-
band FM signals with the energy distributed almost
evenly throughout the call. Based on call records of
10 individuals, the mean fmaxe is of 112.7 kHz
(range 79.0–142.6 kHz); sf 163.3 kHz (range
139.0–182.0 kHz); tf 50.2 kHz (range 40.0–64.0
kHz). The d is of 2.6 ms (range 1.5–4.9 ms).

Ecology and habitat
In peninsular Thailand, it was mostly captured in

harp traps set across forest trails or streams in both
primary and secondary evergreen forests. During
fieldwork in 2011–2012, female specimens were
found to be pregnant between February and April,
and lactating between April and July. In Sumatra, it
was also captured in harp traps set in forest areas. In
peninsular Malaysia, it was found from lowland to
hill and montane terrain (e.g., Kingston et al., 2006;
Tingga et al., 2012). Its roosting behaviour is very
little known, although an individual of Murina sp.,
with the size and colour comparable to this taxon,
was found flying around banana trees in the after-
noon during a search for a trapping site in penin-
sular Thailand. Kingston et al. (2006) reported an
individual flying from a wild banana tree; it was
subsequently caught in a mist net set nearby.

Distribution
Murina peninsularis is found in peninsular Thai -

land and Malaysia through to Sumatra, Borneo and
Lom bok (Fig. 1, Appendix).

ACKNOWLEDGEMENTS

We are grateful to the director of the Wildlife Research
Division and heads of those national parks and wildlife sanctu-
aries for their support during surveys by SK and staff from HB-
WRS. We are indebted to Abdullah Samoh and all the staff at
HBWRS, Nikorn Suwannakan at Khao Bantad WS, Prateep
Rojanadilok, Mongkol Safoowong and all staff at the CDWRS
for coordinating field trips and helping in the field. We thank
Robert Baker (TTU) and M. T. Abdullah (UNIMAS), Rosichon
Ubaidillah (LIPI) and Somchai Bussarawit (THNHM) for kind-
ly loaning us specimens for comparisons. We thank Sawwalak
Billasoy, Jirapan Yimkaew, Bounsavane Douangboubpha,
Uraiporn Pimsai, Ariya Dejtaradol, Ith Saveng and Sara
Bumrungsri, as well as all staff at the PSUNHM for their help
and support during the field expeditions and with specimen
preparation. Thanks also go to David Harrison, Nikky Thomas,
Malcolm Pearch and Beatrix Lanzinger at the Harrison Institute,
UK for their suggestions and help in preparing the manuscript.
Special thanks go to Stephanie Beattie for her warm welcome,
support, and all her help during PS’s stay in the UK. We thank
Tigga Kingston and Joe Chun-Chia Huang (TTU) and the
South east Asian Bat Conservation and Research Unit
(SEABCRU) for supporting networking between SE Asian bat
researchers. We are deeply grateful to Roberto Portela Miguez,
Richard Sabin and staff at mammal collection and library of
Natural History Museum, London for permitting access to study
the bat collection. We would like to thank the Darwin Initiative,
DEFRA, UK (project no. 18002) for ongoing financial support
for developing taxonomic capacity in SE Asian countries. We
thank the Graduate School, PSU for financial support for PS
study visit to the UK. VDT was funded by the National Found -
ation for Science and Technology Development of Vietnam
(NAFOSTED, Project 106.11-2012.02); University of Tübin gen
(Germany); and IEBR. FAAK was supported through the length
of this study by the Universiti Malaysia Sarawak, Higher
Educa tion Ministry of Malaysia and Department of Biology,
Texas Tech University. The taxonomic work of GC and NF 
was supported by a SYNTHESYS Integrat ed Infrastructure
Initiative Grant. We would like to thank the Higher Education
Research Pro motion and National Research Univer sity Project
of Thailand (NRU), Office of the Higher Education Com -
mission for their financial support of bat research in peninsular
Thailand. Finally, we thank two anonymous reviewers for valu-
able comments on the manuscript.

LITERATURE CITED

BATES, P. J. J., and D. L. HARRISON. 1997. Bats of the Indian
Subcontinent. Harrison Zoological Museum Publications,
Sevenoaks, UK, xvi + 258 pp.

BUMRUNGSRI, S., D. L. HARRISON, C. SATASOOK, A. PRAJUKJITR,
S. THONG-AREE, and P. J. J. BATES. 2006. A review of bat 
research in Thailand with eight species records new for the
country. Acta Chiropterologica, 8: 325–359.

CORBET, G. B., and J. E. HILL. 1992. The mammals of the 

Review of the Murina cyclotis complex 289



Murina guilleni sp. nov. — Thailand: ♂ PSUZC-MM
2010.22 (holotype), ♀ PSUZC-MM 2010.23 (paratype),
Rajjaprabha Dam, Ban Takhun, Surat Thani, S. Thailand; ♂
PSUZC-MM 2012.7 (paratype) [BTSEA011-13], Ton Tae
Water fall, Pa Lien, Trang, S. Thailand; ♀ ROM 110439
[ABBM062-05], Khao Nor Chuchi Reserve (=Khao Pra Bang
Kram WS.), Klong Tom, Krabi, S. Thailand; ♂ PSUZC-MM
2013.15 (paratype), Wang Tai Nan Waterfall, Manang, Satun, 
S. Thailand; ♂ PSUZC-MM 2012.8 [BTSEA013-13], Ban Ton

St., Khao Bantad WS, Phattalung, S. Thailand; ♂ PSUZC-MM
2008.3, Yaroi Waterfall, Taleban NP., Satun, S. Thailand; ♂
PSUZC-MM 2007.350, Ban Vang Pha, Songkhla, S. Thailand;
♀ PSUZC-MM 2011.42, Rajjaprabha Dam, Ban Takhun, Surat
Thani, S. Thailand; ♀ PSUZC-MM 2007.154, Makling Water -
fall, Rattaphum, Songkhla, S. Thailand.

Murina guilleni nicobarensis ssp. nov. — India: ♂ HZM
14.35312 (holotype), Great Nicobar Island, Nicobar Islands; 
♂ HZM 12.35277 (paratype), Tillanchong, Nicobar Islands; 

APPENDIX

List of specimens examined. Those that were included in the genetic analysis have the BOLD process ID in square brackets 
after the collection number

290 P. Soisook, S. Karapan, C. Satasook, V. D. Thong, F. A. A. Khan, et al.

Indo malayan Region: a systematic review. Natural History
Mu seum Publications and Oxford University Press, Oxford,
488 pp.

CSORBA, G., N. T. SON, I. SAVENG, and N. M. FUREY. 2011.
Revealing cryptic bat diversity: three new Murina and re-
description of M. tubinaris from Southeast Asia. Journal of
Mammalogy, 92: 891–904.

EGER, J. L., and B. K. LIM. 2011. Three new species of Murina
from southern China (Chiroptera: Vespertilionidae). Acta
Chiropterologica, 13: 227–243.

EISENBERG, J. F., and G. M. MCKAY. 1970. An annotated check-
list of the recent mammals of Ceylon with keys to the
species. Ceylon Journal of Science (Biological Sciences), 8:
69–99.

ELLERMAN, J. R., and T. C. S. MORRISON-SCOTT. 1951. Check-
 list of Palaearctic and Indian mammals 1758 to 1946. 
Trust ees of the British Museum (Natural History), London,
810 pp.

FRANCIS, C. M. 2008. Mammals of Thailand and South-East
Asia. Asia Books, Bangkok, 392 pp.

FRANCIS, C. M., and J. L. EGER. 2012. A review of tube-nosed
bats (Murina) from Laos with a description of two new spe -
cies. Acta Chiropterologica, 14: 15–38.

FRANCIS, C. M., A. V. BORISENKO, N. V. IVANOVA, J. L. EGER, B.
K. LIM, A. GUILLÉN-SERVENT, S. V. KRUSKOP, I. MACKIE, and
P. D. N. HEBERT. 2010. The role of DNA barcodes in under-
standing and conservation of mammal diversity in Southeast
Asia. PLoS ONE, 5(9): e12575. 

HEANEY, L. R., D. S. BALETE, M. L. DOLAR, A. C. ALCALA, A. T.
L. DANS, P. C. GONZALES, N. R. INGLE, M. V. LEPITEN, W. L.
R. OLIVER, P. S. ONG, et al. 1998. A synopsis of the mam-
malian fauna of the Philippine Islands. Fieldiana: Zoology
(N.S.), 88: 1–61.

HILL, J. E. 1964. Notes on some tube-nosed bats, genus Muri-
na, from southeastern Asia, with descriptions of a new spe -
cies and a new subspecies. Federation Museums Journal, 8:
48–59.

INGLE, N. R., and L. R. HEANEY. 1992. A key to the bats of the
Philippine Islands. Fieldiana: Zoology (N.S.), 69: 1–44.

IVANOVA, N. V., E. L. CLARE, and A. V. BORISENKO. 2012. DNA
barcoding in mammals. Pp. 153–182, in DNA barcodes:

methods and protocol (W. J. KRESS and D. L. ERICKSON,
eds.). Humana Press, New York, 485 pp.

KHAN, F. A. A., S. SOLARI, V. J. SWIER, P. A. LARSEN, M. T. 
AB DUL LAH, and R. J. BAKER. 2010. Systematics of Malay -
sian woolly bats (Vespertilionidae: Kerivoula) inferred from
mitochondrial, nuclear, karyotypic, and morphological data.
Journal of Mammalogy, 91: 1058–1072.

KINGSTON, T., B. L. LIM, and A. ZUBAID. 2006. Bats of Krau
Wild life Reserve. Penerbit Universiti Kebangsaan Malay -
sia, Bangi, 148 pp.

KOOPMAN, K. F. 1993. Order Chiroptera. Pp. 137–241, in Mam -
mal species of the World: a taxonomic and geographic ref-
erence, 2nd edition (D. E. WILSON and D. M. REEDER, eds.).
Smithsonian Institution Press, Washington, D.C., 1206 pp.

MATVEEV, V., and G. CSORBA. 2007. Bat fauna of Cambodia.
Bat Research News, 48: 100–101.

MOLUR, S., G. MARIMUTHU, C. SRINIVASULU, S. MISTRY, A. M.
HUTSON, P. J. J. BATES, S. WALKER, K. PADMA PRIYA, and
A. R. BINU PRIYA (eds.). 2002. Status of South Asian Chiro -
ptera: Conservation Assessment and Management Plan
(C.A.M.P.) Workshop Report, 2002. Zoo Outreach Organ-
i sation, CBSG South Asia and WILD, Coimbatore, India,
CD-Rom, i–viii: 1–320.

PHILLIPS, W. W. A. 1932. Additions to the fauna of Ceylon. No
2. Some new and interesting bats from the hills of the
Central Province. Spolia Zeylanica, 16: 329–335.

SIMMONS, N. B. 2005. Order Chiroptera. Pp. 312–529, in Mam -
mal species of the World: a taxonomic and geographic ref-
erence, 3rd edition (D. E. WILSON and D. M. REEDER, eds.).
Johns Hopkins University Press, Baltimore, 2142 pp.

SOISOOK, P., S. KARAPAN, C. SATASOOK, and P. J. J. BATES. 2013.
A new species of Murina (Mammalia: Chiroptera: Vesper  ti -
lio nidae) from peninsular Thailand. Zootaxa, 3746: 567–579.

THOMAS, N. M., J. W. DUCKWORTH, B. DOUANGBOUBPHA, M.
WILLIAMS, and C. M. FRANCIS. 2013. A checklist of bats
(Mammalia: Chiroptera) from Lao PDR. Acta Chiroptero -
logica, 193–260.

TINGGA, R. C. T., F. A. ANWARALI, A. R. MOHD-RIDWAN, J. SE -
NA WI, and M. T. ABDULLAH. 2012. Small mammals from
Kuala Atok, Taman Negara Pahang, Malaysia. Sains Ma lay -
siana, 41: 659–669.

Received 21 August 2013, accepted 19 December 2013



Review of the Murina cyclotis complex 291

APPENDIX. Continued

♂ HZM 13.35278 (paratype), Camorta, Nicobar Islands; ♀
HNHM 2004.13.1 (paratype), Bompuka, Nicobar Islands; ♀
HZM 15.35319, Trinket, Nicobar Islands (paratype).

Murina cyclotis — India: ♂ BMNH 9.4.4.4 (holotype),
Darjeeling, NE. India; ♂ BMNH 16.3.25.28, Gopaldara,
Darjeeling, NE. India; ♂ BMNH 16.3.25.29, Pashok,
Darjeeling, NE. India; ♂ BMNH 20.6.24.1, Teesta Valley, West
Bengal, NE. India; ♂ HZM 17.36447 [ABBM421-05], Tamil
Nadu, S. India; — Sri Lanka: ♂ BMNH 31.9.4.2 (holotype of
eileenae); ♂ BMNH 59.5.31.63; ♂ BMNH 66.5543; ♂ BMNH
72.42.56, Mousakande, Gammaduwa; — Nepal: ♂ HNHM
98.7.3, Island Jungle Resort, Chitwan NP, Nepal; — Myanmar:
♀ HZM 17.35961, Madanyan Forest, Manse Township, Kachin,
N. Myanmar; ♀ BMNH 50.484, Sumka Uma, Kachin, N.
Myanmar; ♀ BMNH 16.3.26.3; ♀ BMNH 16.3.26.4, Chin
Hills, W. Myanmar; ♀ BMNH 16.3.26.89, 50 miles from
Kindat, Sagaing, W. Myanmar; — China: ♀ ROM MAM
116482 [ABBM461-05]; ♂ ROM MAM 116476 [ABBM460-
05], Shiwandashan National Reserve, Guangxi, S. China; ♂
ROM MAM 116053 [ABBM447-05]; ♀ ROM MAM 116059
[ABBM448-05], Jing Xin County Provincial Nature Reserve,
Guangxi, S. China; ♂ field number B050023, Hainan Island; —
Vietnam: ♂ NF 160906.4; ♂ NF 170906.5; ♀ NF 030706.6; ♀
NF 170906.4; ♀ NF 230706.4, Kim, Hy Nature Reserve, Bac
Kan, N. Vietnam; HZM 5.31760, Ke Bang, Quang Binh, C.
Vietnam; ♂ HNHM 98.3.3, Pac Ban Village, Tuyen Quang, N.
Vietnam; ♂ HNHM 2000.84.3, Ben En NP., Thanh Hoa; ♂
HNHM 2010.42.3; ♂ field number T.291107.3; ♀ field number
T.241107.2; ♀ field number T.251107.1, Son La, N. Vietnam; ♂
field number T.050808.8, Bai Tu Long NP, Quang Ninh, N.
Vietnam; ♂ field number T.120806.2; ♂ field number
T.230408.1; ♀ field number T.220908.1, Cat Ba Island, Hai
Phong, N. Vietnam; ♂ field number 11, Than Sa, Thai Nguyen,
N. Vietnam; ♂ field number B46, Pu Hoat NR., Nghe An, C.
Vietnam; ♀ HZM 1.30708; ♀ HNHM 208.23.1, Cuc Phong NP.,
Ninh Binh, N. Vietnam; ♀ HZM 3.31526; ♀ HZM 9.31777, Pu
Mat NP., Nghe An, C. Vietnam; ♀ BMNH 1997.384, Na Hang
NR., Tuyen Quang, N. Vietnam; ♀ field number T85; ♀ field
number T03; ♀ field number T.270308.2, Me Linh, Vinh Phuc,
N. Vietnam; ♀ HNHM 2007.27.7; ♀ NTS 1597, Ba Be NP., Bac
Kan, N. Vietnam; ♀ field number T.010908.10; ♀ field number
T.010908.6, Tam Dao, Vinh Phuc, N. Vietnam; ♀ field number
T.210708.2; ♀ field number T.260607.2; ♀ field number
T.270607.1; ♀ PSUZC-MM 2011.54, Phuong Vien, Phu Tho, N.
Vietnam; ♀ field number T.290708.6, Xuan Son, Phu Tho, N.
Vietnam; ♀ field number 06, Tamtri, Tam Ky, Quang Nam, C.
Vietnam; ♀ ROM MAM 112362 [BM399-04]; ♀ ROM MAM
112345 [ABBM456-05], Lan Dat, 4 km W. of Huu Lien, Lang
Son, N. Vietnam; — Laos: ♂ BMNH 1999.854, Ban Vieng,
Khammouan, C. Laos; ♀ BMNH 1999.51, Tham Houay Si, 6.5
km SW. of Ban Vieng, Khammouan, C. Laos; ♀ field number
BD100320.2; ♀ field number BD100320.5, Vang Vieng,
Vientiane, C. Laos; ♀ ROM MAM 110673 [BM056-03], Phou
Khao Kouay, Vientiane, C. Laos; ♂ SMF 85753 [ABBM389-
05], Ban Keng Bit, Nam Kading, Khammouan, C. Laos; ♀
ROM MAM 106538 [BM110-03], Nam Pakkatan, Nakai
Plateau, Khammouan, C. Laos; ♂ EBD 24968 [ABBM297-05];
♂ EBD 24969 [ABBM298-05], Nam Khan, Nam Et NBCA,
Louangprabang, N. Laos; ♀ ROM MAM 110469 [ABBM154-
05], Xe Kaman, Attapu, S. Laos; ♀ ROM MAM 110715
[BM159-03], Dong Kanthung, Champasak, S. Laos; ♀ EBD
24967 [ABBM255-05], near Ban Chak, Nam Et NBCA,

Houaphan, N. Laos; ♀ MHNG 1926.033, Sopkhang, Phongsaly,
N. Laos; — Thailand: ♂ BMNH 82.164, Doi Inthanon NP.,
Chom Thong, Chiang Mai, N. Thailand; ♂ BMNH 78.2383,
Tham Tab Tao, Fang, Chiang Mai, N. Thailand; ♂ BMNH
82.165, Doi Pha Hom Pok, Fang, Chiang Mai, N. Thailand; ♀
PSUZC-MM 2011.32, Chiangdao WS, Chiang Mai, N.
Thailand; ♀ THNHM M-821, Klong Lan NP., Kampangphet,
NW. Thailand; ♂ PSUZC-MM 2006.179; ♀ PSUZC-MM
2006.178, Phu Suan Sai NP., Na Haew, Loei, NE. Thailand; ♂
TISTR 54-7170, Phu Rua, Loei, NE. Thailand; ♂ THNHM M-
735, Mo Sing To, Khao Yai NP., Nakhon Ratchasima, NE.
Thailand; ♀ THNHM M-775, Dong Sua Parn, Khao Yai NP.,
Nakhon Ratchasima, NE. Thailand; ♂ PSUZC-MM 2005.203,
Klong Klang Khao Ang Ru Nai WS., Chacherngsao, SE.
Thailand; — Cambodia: ♂ HNHM 2007.49.10, Phnom
Samkos, Pursat, W. Cambodia; ♂ HNHM 2006.34.38; ♂
HNHM 2005.81.33; ♀ HNHM 2005.81.48, Seima BCA,
Mondol Kiri, E. Cambodia; ♀ HNHM 2006.34.2, Bokor NP.,
Kampot, SW. Cambodia. 

Murina fionae — Vietnam: ♂ field number 025; ♂ field
number 12; ♂ field number 18, Tam Tri, Tam Ky, Quang Nam,
C. Vietnam; ♂ HZM 8.31764; ♂ HZM 6.31759, ♂ HZM
7.31762, Phong Nha, C. Vietnam; ♂ HNHM 2007.50.3; ♀
HNHM 2007.50.4, Huong Hoa Nature Reserve, Quang Tri, C.
Vietnam; ♀ HZM 10.31776, Pu Mat NP., Nghe An, C. Vietnam;
♀ HZM 11.32353, Kon Cha Rang Nature Reserve, Gai Lai, C.
Vietnam; ♀ HZM 4.31761, Ke Bang, Quang Binh, C. Vietnam;
♀ HNHM 2008.23.7, Pu Huong, Nghe An, C. Vietnam; ♀ ROM
MAM 111292 [BM366-04], Ngoc Linh Nature Reserve, 10 Km
SW Nuoc Xa, Quang Nam, C. Vietnam; — Laos: ♀ ROM
MAM 106382 [BM318-04], Pha Deng, 8km E Ban Navang,
Khammouan, C. Laos; — Cambodia: ♀ HNHM 2005.81.16,
Seima BCA, Mondol Kiri, E. Cambodia.

Murina peninsularis — Thailand: ♂ PSUZC-MM 2012.9
[BTSEA016-13]; ♂ PSUZC-MM 2012.11 [BTSEA019-13]; ♂
PSUZC-MM 2012.12; ♀ PSUZC-MM 2012.14 [BTSEA020-
13], Khao Pra Bang Kram WS, Klong Tom, Krabi, S. Thailand;
♀ PSUZC-MM 2007.349, Huay Lek, Khao Nan NP., Nop
Pitam, Nakhon Sithammarat, S. Thailand; ♂ PSUZC-MM
2011.29 [BTSEA015-13], Khao Pu Khao Ya NP., Phattalung, 
S. Thailand; ♂ PSUZC-MM 2007.348, Kachong, Khao Bantad
WS., Trang, S. Thailand; ♂ PSUZC-MM 2006.160, Taleban
NP., Satun, S. Thailand; ♂ PSUZC-MM 2008.137, Talow
Udang St., Tarutao Island, Satun, S. Thailand; ♂ PSUZC-MM
2012.10; ♂ PSUZC-MM 2012.12 [BTSEA036-13]; ♀ PSUZC-
MM 2012.15 [BTSEA037-13]; ♀ PSUZC-MM 2012.16 [BT-
SEA035-13], Pha Dum Waterfall, Ton Nga Chang WS, Song -
khla, S. Thailand; ♂ PSUZC-MM 2007.336; ♂ PSUZC-MM
2011.30; ♀ PSUZC-MM 2006.120; ♀ PSUZC-MM 2012.155;
♀ PSUZC-MM 2012.156, Ton Nga Chang WS, Songkhla, 
S. Thailand; ♂ PSUZC-MM 2012.13 [BTSEA024-13]; ♂
PSUZC-MM 2012.196 [BTSEA047-13]; ♀ PSUZC-MM
2012.212; ♀ PSUZC-MM 2012.213 [BTSEA030-13], Hala-
Bala WS., Wang, Narathiwat, S. Thailand; — Malaysia: ♂
BMNH 64.771 (holotype); ♀ BMNH 64.772 (paratype), Ulu
Chemperoh, Janda Baik, Pahang, peninsular Malaysia; ♂
BMNH 73.630; ♀ BMNH 67.1607, Gunong Benom Base
Camp, Bentong, Pahang, peninsular Malaysia; ♀ TK 153526,
Taman Negara, Pahang, peninsular Malaysia; ♂ CMF 920703-
03 (Research Collection of Charles Francis) [BM486-04]; ♂
CMF 920705-03 (Research Collection of Charles Francis)
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[BM485-04], Kuala Lampat, Pahang, peninsular Malaysia; ♀
field number ? S401006 [ABBSI080-05], Krau Wildlife Re -
serve, Pahang, peninsular Malaysia; ♀ BMNH 1880.744,
Pinang, peninsular Malaysia; ♀ BMNH 75.1294, Sungei
Relembany Camp, Ulu Setiu, Besut, Trengganu, peninsular
Malay sia; ♂ BMNH 73.631, Pahang, peninsular Malaysia; ♂
BMNH 68.845, Batu Pahat, Kangar, Perlis, peninsular Malay -
sia; ♂ BMNH 64.773, Fraser Hill, Selangor, peninsular Malay -
sia; ♂ TK 172744, Lojing Highlands, Kelantan, penin sular

Malaysia; ♂ BMNH 78.1543, Melinau, Gunung Mulu NP.,
Sarawak, Borneo; ♂ BMNH 82.556; ♀ BMNH 84.2019; ♀ TK
168706, Sepilok, Sabah, Borneo; ♂ BMNH 84.2020, Lumerau,
Sabah, Borneo; — Indonesia: ♂ MZB 35006; ♂ MZB 35007; ♀
MZB 35885; ♀ MZB 35886, Way Canguk, Bukit Barisan
Selatan NP., Lampung, Sumatra; ♂ MZB 23925; ♂ MZB
31945, Marawi, Kalimantan, Borneo; ♀ HZM 18.36541,
Tanjung Putting National Park, C. Kalimantan, Borneo; ♀ MZB
29315, Nusa Tenggara Barat, Lombok.

APPENDIX. Continued


