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Abstract: Bat communities of mainland Southeast Asia can be highly diverse. Many are under threat. Despite this, regional faunal composition
is not well documented for many areas, including regions of Vietnam. We assessed the biodiversity of bats in a watershed protection forest
in the southeastern Truong Son (Annamite) Mountains, southwestern Quang Ngai Province, Vietnam in 2011-2013. Twenty species of
insectivorous bats were documented including a high diversity of Murina species Tube-nosed Bats. Diversity and abundance indices were
compared with that recorded previously in two nature reserves and one national park in Vietnam, and were higher or comparable in several
measures despite the lack of a karst substrate for roosts. Reproduction in the insectivorous bat fauna coincided with the early rainy season.
In the late dry season, pregnant females of several species were observed but volant juveniles were not present, whereas in the early wet
season adult females were lactating or post-lactating and volant juveniles of nine species were detected. We recorded echolocation calls of
14 bat species; for each species, we compared features of calls with those reported previously in other Asian localities. For some species we
found discrepancies in call metrics among studies, perhaps suggesting a greater hidden biodiversity of bats in Southeast Asia.
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INTRODUCTION

Bat communities in Southeast Asia are among
the most diverse in the world but are threatened by
habitat loss and other factors (Kingston 2010). Despite
high diversity, there is little descriptive documentation
available on the faunal composition of regional bat
communities in mainland Southeast Asia, including a
lack of basic information on echolocation patterns and
the timing of reproduction of species within these bat
communities. The Truong Son Mountains of Vietnam
and the adjacent Lao People’s Democratic Republic (Lao
PDR) have high faunal biodiversity in general (Tordoff
et al. 2003), but little is known about bat diversity
in this mountain range. Therefore, our study had
three objectives: (1) to document the bat fauna of the
southeastern Truong Son Mountains and to compare its
diversity with that reported previously in other localities
of Vietnam (Hendrichsen et al. 2001; Furey et al. 2010);
(2) to sample characteristics of echolocation calls of a
subset of the insectivorous bats of the southeastern
Truong Son Mountains, and to qualitatively compare
their echolocation traits with those reported previously
in other localities in Asia; (3) to assess the timing of
reproduction in female bats in the late dry season and
in the early wet season. This region is influenced by a
predictable rainy season following the dry winter season
(Sterling et al. 2006; NASA 2012). Seasonal patterns in
reproduction of tropical insectivorous bats wherein the
birth and fledging of young occur during rainy seasons
when primary productivity and insect abundance are
high have been observed in other tropical regions (e.g.,
Fleming et al. 1972; Bernard & Cumming 1997; Racey
& Entwistle 2000), including one reserve in northern
Vietnam (Furey et al. 2011).

MATERIALS AND METHODS

Study area

We sampled bats in southwestern Quang Ngai
Province, Vietnam. The study area is a Watershed
Protection Forest administered through the Quang Ngai
Forest Protection Department, Vietnam Ministry of
Agriculture and Rural Development, which facilitated
our study. The forest is located in central Vietnam in the
southeastern Truong Son (Annamite) Mountains, Ba To
District, southwestern Quang Ngai Province (Fig. 1). The
study area is near the borders with Gia Lai Province, Kon
Tum Province, and Binh Dinh Province.

We based our work at two campsites (Fig. 1): Camp

1 was at 750m elevation, and was sampled in late May
— early June 2011 (early rainy season) and March 2013
(late dry season); Camp 2 was at 930m elevation and
was sampled in March 2012 (late dry season). Camp 1
was in a cleared grassy area at coordinates 14.6602°N
& 108.6075%. The surrounding forest was mainly
secondary regrowth after logging about 40 years earlier.
Camp 2 was located at 14.6206°N 108.5865°E and was
also covered by secondary forest but had a greater
number of mature and large diameter trees compared
to those of Camp 1. Both sites are in a region that
experiences highly seasonal rainfall (Fig. 2).

We compare our results with previous studies on
bat biodiversity conducted at three other localities in
Vietnam that have higher conservation status: Kon Cha
Rang Nature Reserve (14.567°N & 108.567°E) and Kon
Ka Kinh National Park (14.333°N & 108.367°E) in Gia Lai
Province (Hendrichsen et al. 2001) and Kim Hy Nature
Reserve in Bac Kan Province in northern Vietnam (Furey
et al. 2010). The studies in Gia Lai Province took place
for 2-3 weeks in each reserve during March and April
1999; Kon Ka Kinh National Park and Kon Cha Rang
Nature Reserve are about 42km and 10km away from
our study area, respectively. Estimation of assessment
effort and relative abundance are not available for
the Gia Lai studies (Hendrichsen et al. 2001), limiting
guantitative comparisons. However, we also compare
our results with the study by Furey et al. (2010) at Kim
Hy Nature Reserve, the most comprehensive study of a
bat community in Vietnam. Unlike our study area, Kim
Hy Nature Reserve has a karst substrate (Furey et al.
2010).

Bat sampling, identification, and
assessment

We captured bats using mist nets and harp traps set
from ground level. We set nets across trails in forest,
over small ponds and streams in forest or near forest
edges, and at openings at the forest edges. We set harp
traps at similar locations and in dry stream beds that
could function as travel corridors for bats. We deployed
two different harp traps in 2011. One was a 4-bank trap
1.5x1.5 m in area (2.25m?) and the other was a 2-bank
trap 0.9x1.1 min area (1.0m?). In 2012 we deployed the
same size traps and a larger 4-bank trap 2m x 2m in area
(4m?). Mist nets ranged from 6.0 to 12.8 m in length.
We sampled for bats near the lower elevation Camp 1
at 33 geo-referenced locations on 11 nights between 28
May and 9 June 2011 inclusive, and on five nights 16 to
20 March 2013 inclusive. In 2011 most (90%) sampling
localities were within 800m of Camp 1 with a maximum
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Figure 1. Locations of bat sampling camps in southeastern Truong Son Mountains, Ba To District, Quang Ngai Province, Vietnam, May-June
2011 and March 2012, March 2013. Sources: Wildlife At Risk/Bui H. Manh -2016

distance of 1.25km between localities; elevations at
netting sites in 2011 varied from 712m to 772m. At
Camp 2 we sampled at 52 geo-referenced locations on
nine nights between 12 and 20 March 2012 inclusive.
Most of these sampling locations (45 of 52) ranged from
883 m to 991 m in elevation and were within 800m of
Camp 2, but for two nights nets were set at 330-650
m elevation. In March 2013 we sampled for five nights
using the same-sized mist nets as during prior trips
and two 2.25m? harp traps. All capture and handling
procedures for bats were approved by the Institute for
Ecological and Biological Resources, Vietnam Academy
of Sciences.

We relied on the following sources for identifications
of bats in the field based on external characters:
Borissenko & Kruskop (2003), Francis (2008),
Kruskop (2013). We also compared specimens in the
field with recent descriptions of new taxa that appeared
in Kruskop & Eger (2008) and Furey et al. (2009b). In
the laboratory we also compared voucher specimens
with descriptions of new Murina species by Csorba &
Bates (2005), Csorba (2011), Csorba et al. (2007, 2011),
Eger & Lim (2011), Francis & Eger (2012), Soisook et
al (2013a,b), and Son et al. (2015a, b). We preserved
voucher specimens in 95% ethanol. We also took liver or
wing tissue in 95% ethanol for future DNA analysis (Son
et al. 2015a). All samples and voucher specimens are in
collections at the Institute for Ecological and Biological
Resources, (IEBR) at the Vietnam Academy of Sciences
and Technology, Hanoi.

Average monthly rainfall
450
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Figure 2. Average monthly rainfall in the region of the study area

in the southeastern Truong Son Mountains, Ba To District, Quang
Ngai Province, Vietnam, 1997-2009. (Data courtesy of NASA Langley
Research Center POWER Project; NASA 2012.)

We categorized adult female bats as pregnant,
lactating, post-lactating, and non-reproductive according
to criteria of Racey (2009). We recorded number
of visible embryos per female when pregnancy was
detected in voucher specimens. Age was categorized as
volant juvenile or adult based on fusion of the phalangeal
epiphyses (Brunet-Rossinni & Wilkinson 2009).

Echolocation recordings

We recorded echolocation sounds of bats in 2011
and 2012, including individuals prepared as voucher
specimens. We compared our results with those
reported in the literature for the same species recorded
elsewhere in Asia. Such comparisons can be useful for
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future species identification, particularly for cryptic taxa
that may be members of species complexes that are not
yet well understood (Francis 2008). We recorded calls
in three situations: (1) single bats flying in an enclosure
made with mosquito nets (2m high x 2m wide x 3m
long); (2) single bats hanging freely on the sides of the
enclosure; (3) single bats held in our hands. Recordings
of bats in flight in enclosures or in hand are commonly
employed in bat studies in Asia (e.g., Kingston et al.
1999; Kingsada et al. 2011; Hughes et al. 2011) but some
measurements can be biased compared to recordings of
free-flying bats. However, given the low capture success
(see Results) and need for voucher specimens we chose
not to release bats for recordings in the open.

In 2012 we sampled echolocation calls as WAV files
using an Echometer EM 3 digital ultrasonic recorder
(wildlife Acoustics 2012). The EM3 allows recording at
sampling rates of 256 and 384 kHz (providing analysis
of calls up to frequencies of about 192 kHz). We set the
recording amplitude threshold at 18 db. We analyzed
properties of calls recorded in 2012 in Hanning windows
using spectrograms, oscilloscope tracings, and power
spectra features of Call Viewer software set at 10 db
background threshold and 256-point FFTs (Skowronski
& Fenton 2008). We analyzed time and frequency
characteristics for 12 representative calls per individual.
For bats with predominantly constant frequency (CF)
calls we calculated the frequency of maximum energy
(FMAXE, kHz), the frequency range of the preceding
upsweep (FM rise, kHz), the frequency range of the
terminal downsweep (FM tail, kHz), and the sound
duration (ms). For bats with predominantly frequency
modulated (FM) calls we calculated mean + SD and
ranges for start frequency (kHz), end frequency (kHz),
FMAXE (kHz), midpoint (kHz) and duration (ms). We
did not measure interpulse intervals because of the
confined recording context. In 2011 recordings were
made with AnaBat Il bat detectors with programmable
zero-crossing analysis interface modules (AnaBat™ CF
Storage ZCAIM; Titley Electronics, NSW, Australia). We
used AnalookW software, version 3.8.13 (http://users.
Imi.net/corben/WinAnalook.htm) to view and describe
the calls recorded in 2011. This system allows time and
frequency measurements of fundamental harmonics,
but does not allow more thorough acoustic analysis
(Fenton et al. 2001). The Anabat system also does
not allow reliable measurements of the upper ranges
of echolocation calls of species that utilize very high
frequencies. In our study areas these were primarily
bats of the genera Murina and Kerivoula. Murina species
produce calls that are faint in intensity, making upper

frequencies difficult to record. We provide results from
Anabat recordings for those species of Murina that
were recorded only in 2011 with the caveat that start
frequencies are likely underestimates. For comparative
purposes we also tabulate these same metrics from
the echolocation calls of the same species reported
previously elsewhere in Asia.

Computations and statistical analyses

We provide original data and simple descriptive
summary statistics: means, standard deviations (SD),
ranges, and coefficients of variation (CV; SD/mean). We
calculated metrics for insectivorous bat species diversity
for comparison with the insectivorous bat communities
described in the three other bat diversity assessments
in Vietnam noted above following methods given by
Kingston (2009) and Furey et al. (2010). We calculated
assessment effort based on total surface areas of mist
nets and harp traps multiplied by the number of hours
nets or traps were set, and estimated the success
rates by dividing total number of individuals or total
number of species captured per unit effort. We provide
species richness (S) as the total number of species in
a community. We calculated species diversity indices,
measures of evenness of distribution of individuals
among species, predicted species richness, and inventory
completeness using program SPADE (Chao & Shen 2010).
We calculated the inverse Simpson Index of Diversity
as 1/D where D = [2n (n -1)]/ [N (N-1)], where n is the
number of individuals in each observed species, and N
is the total number of individuals captured (Magurran
1988). Evenness of the distribution of individuals among
species is expressed by the formula (1/D)/S, where S is
the number of observed species. We followed Furey
et al. (2010) and used program SPADE to calculate
predicted species richness based on a hypothetical
increase in sampling effort that was double the number
of bats captured; we estimated predicted species
richness with two methods (Solow & Polasky 1999; Shen
et al. 2003), and then measured inventory completeness
as the range in the ratio of observed species richness
to predicted species richness x 100% based on the two
estimation computations.

RESULTS

Species diversity

We detected 20 species of bats among the 166
individuals captured at the study area (Table 1). We
collected 98 entire specimens with corresponding tissue
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Table 1. Sampling effort and numbers of bats captured by mist nets and harp traps at the southeastern Truong Son mountains study area in
southwestern Quang Ngai Province, Vietnam, May-June 2011, March 2012, and March 2013. N unique species is the number captured only

in harp traps or only in mist nets. Abbreviations: m*nh = square-meter net-hour; m*hth = square-meter trap-hour; NA = not applicable.

2011 2012 2013 Total in Total
New | Tope | % | New | wame | P | New | T | ™ | New | wam

o 2805 |y | wa | 99875 [ 705 | |y s [ [asesas ] 1i0s |,
Nights Sampled 10 10 11 9 8 9 5 5 5 19 18 25
Hours Sampled 114 102 NA 378.5 322 NA 60 60 60 492.5 424 NA
Species
Rhinolophus affinis (Image 1) 0 4 4 37 10 47 1 18 19 38 32 70
Rhinolophus shameli (Image 2) 0 0 0 0 0 0 0 1 1 0 1 1
Rhinolophus pearsonii (Image 3) 0 0 0 1 0 1 0 0 0 1 0 1
Rhinolophus pusillus (Image 4) 5 5 10 3 5 8 4 5 9 12 15 27
gl)ipposideros cineraceus (Image 0 0 0 0 0 0 0 3 3 0 3 3
Hipposideros larvatus (Image 6) 1 4 5 1 0 1 0 2 2 2 6 8
Hipposideros pomona (Image 7) 2 0 2 2 1 3 0 3 3 4 4 8
Megaderma lyra (Image 8) 0 0 0 2 0 2 0 0 0 2 0 2
Glischropus bucephalus 1 0 1 0 0 0 0 0 0 1 0 1
Murina annamitica (Image 9) 10 1 11 0 0 0 0 1 1 10 2 12
Murina beelzebub (Image 10) 0 1 1 1 0 1 0 0 0 1 1 2
Murina cyclotis (Image 11) 2 4 6 0 0 0 0 0 0 2 4 6
Murina eleryi (Image 12) 0 1 1 0 0 0 0 1 1 0 2 2
Murina fionae (Image 13) 1 1 2 1 1 2 0 0 0 2 2 4
Myotis ater (Image 14) 6 0 6 0 0 0 0 0 0 6 0 6
Myotis muricola 0 0 0 1 0 1 0 0 0 1 0 1
Hypsugo cadornae 0 0 0 0 0 0 0 1 1 0 1 1
Kerivoula hardwickii (Image 15) 0 1 1 0 1 1 0 0 0 0 2 2
Scotomanes ornatus (Image 16) 0 0 0 2 0 2 1 0 1 3 0 3
Scotophilus heathii 0 0 0 0 0 0 6 0 6 6 0 6
Total Bats Captured 28 22 50 51 18 69 12 35 47 91 75 166
Bats per night 2.8 2.2 4.5 5.7 2.25 7.7 2.4 7 9.4 4.8 4.2 6.6
Bats per hour 0.25 0.22 NA 0.135 0.056 NA 0.2 0.583 0.783 0.185 0.177 NA
Bats per m?nh or m’th 0.01 0.126 NA 0.005 0.023 NA 0.009 0.162 NA 0.007 0.065 NA
N Species 8 9 12 10 5 11 4 9 10 15 13 20
N Unique Species 3 4 NA 6 1 NA 2 7 NA 7 5 NA
Species m?nh or m’th 0.003 0.057 NA 0.001 0.006 NA 0.003 0.042 NA 0.001 0.012 NA

samples (muscle or liver). We also took wing tissue from
another 15 specimens. Seven species were captured
only in mist nets, five only in harp traps, and eight in
both (including four of the five species of Murina; Table
1). Abundance of bats and number of species detected
per unit of mist netting effort were about a tenth of
those detected per unit of harp trapping effort (Table 1).

At the Camp 1 area we captured 97 bats of 17 species
(Table 1) at 15 sampling locations in 4,177 m?nh of mist

net and 390 m?th of harp trap sampling (both years
combined, Table 1). The number of species detected
and individuals detected per unit effort was lower at the
higher elevation sites sampled at Camp 2 in 2012, where
Rhinolophus affinis was preponderant (Table 1). We
captured 69 bats in 2012, and 65 of these were captured
within the 883-991 m elevation range. The respective
numbers of individuals and species detected per effort
unit were lower at Camp 2 localities than at Camp 1

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 July 2016 | 8(7): 8953—-8969
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Table 2. Bat species diversity statistics for insectivorous bats among
samples from the southeastern Truong Son Mountains, Quang

Ngai Province, Vietnam. Predicted species richness and inventory
completeness was calculated with Program Spade (Chao & Shen
2010) based on a hypothetical doubling of sampling effort (numbers
of individuals captured). Estimates are * 1 SE.

2011, 2013 2012 Sites,
All sites Sites, (lower (higher
elevation) elevation)
Number of species 2 17 11
observed
Predicted Species Richness
Solow & Polasky (1999) 23.0+238 23.6+49 148+3.4
Predicted Species Richness
+ + +
Shen et al. (2003) 23622 23.4+45 15329
Inventory Completeness 85-87% 72-73% 72-74 %
Simpson’s Diversity Index | ) 014 023 | 759019 | 207+0.42
(1/D)
Evenness (EUD) 0.227 0.448 0.188

localities (Table 1).

Individuals of the five species of Murina captured
at Camp 1in 2011 were taken at locations within 630m
horizontal distance of each other, with three species of
Murina taken at the same trap or net site. Although

no fruit bats (Pteropodidae) were captured or seen in
the study area, on 21 March 2012 we observed bat-
expressed fruit pulp on the ground beneath a fruiting
tree at 825m elevation and in June 2011 Cynopterus bats
were observed near the village of Ba To, elevation 53m,
about 17km from our study area.

Simpson’s Inverse Index of Diversity and Index of
Evenness were higher at the lower elevation areas near
Camp 1 sampled in 2011 and 2013 in comparison with
areas near Camp 2 sampled in 2012 (Table 2). Inventory
completeness at the Quang Ngai study area was
estimated to be 85-87 %, with a predicted 23-24 species
likely to be detected with a doubling in numbers of bats
captured (Table 2). More species were predicted at the
Camp 1 lower elevation sites than at the Camp 2 higher
elevation sites, with similar inventory completeness
estimates (72%) for both (Table 2).

Seasonality in female reproduction

In late May and June 2011 (early in the rainy season),
we captured volant juveniles of nine species and adult
females of six species; most of the adult females were

Table 3. Sex, age, and reproductive condition of bats captured at the southeastern Truong Son Mountains, Quang Ngai Province, Vietham
during the early wet season in late May-June 2011 and near the end of the dry season in March 2012 and 2013.
Ad = adult; L = lactating; ND = not determined; NR = non-reproductive; P = pregnant; PL= post-lactating; VJ = volant juveniles.

Species May-June 2011 March 2012, 2013

Males Females Males Females
Megaderma lyra 0 0 1Ad 0
Rhinolophus affinis 0 1Ad-L, 2VJ, 1 Ad-NR 35 Ad 25 Ad-P, 1 Ad-ND, 5 Ad-NR
Rhinolophus pearsonii 1Ad 0 0 0
Rhinolophus pusillus 0 7 Ad-L, 3 Ad-P, 1VIJ 5 Ad 7 Ad-P, 4 Ad-NR
Rhinolophus shameli 0 0 1Ad 0
Hipposideros cineraceus 0 0 0 1 Ad-P, 2 Ad-NR
Hipposideros larvatus 3Ad 2V 0 2 Ad-NR
Hipposideros pomona 2 Ad 0 5Ad 1Ad-P
Glischropus bucephalus 0 1 Ad-L 0 0
Hypsugo cadornae 0 0 0 1 Ad-NR
Kerivoula hardwickii 1Vl 0 0 1 Ad-P
Murina annamitica 2VJ),1Ad 4 Ad-L, 1 Ad-PL, 2 VJ 0 1 Ad-NR
Murina beelzebub 1v) 0 1Ad 0
Murina cyclotis 1Ad 1 Ad-L, 2 Ad-PL, 2 VJ 0 0
Murina eleryi 1v] 0 0 1 Ad-NR
Murina fionae 0 2 Ad-L 2 Ad 0
Myotis ater 4Ad1V) 1v) 0 0
Myotis muricola 0 0 0 1Ad-P
Scotomanes ornatus 0 0 3Ad 0
Scotophilus heathii 0 0 3Ad 3 Ad-NR
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Table 4. Echolocation call characteristics of bats with frequency modulated (FM) calls sampled at the Truong Son Mountains study area,
southwestern Quang Ngai Province, Vietnam. Call characteristics are also provided for the same species as documented in the literature.
Values are means +/- 1 SD and ranges in parentheses. NR = not reported, NA = measurement not applicable.

Start End Frequenc: Duration Midpoint

Species and location Reference N bats | Ncalls Frequency q ¥ FMAXE (kHz) Frequency
(kHz) (ms)

(kHz) (kHz)
Kerivoula hardwickii: Quang This stud 1 1 169.5+19.9 95.2+9.1 1.4+0.56 149.3 +26.5 132.3+12.4
Ngai, Vietnam, 2012 v (147-192) (90-124) (0.8-2.2) (126-190) (119-158)
Kerivoula hardwickii: Thailand | Hughes et al. 2011 88 88 169.6 + 28.8 90.7+8.1 3.1+2.7 118.3+11.9 NR
Murina annamitica: Quang . >131.0+7.0 70.4+15.5 1.2+0.0 >100.7 £8.5
Ngai, Vietnam, 2011 This study 3 36 | (122.1-1524) | (46.2-113.5) (0.5-1.9) NA (84.7-125.1)
Murina beelzebub: Quang This stud 1 12 146.0+ 8.3 743+7.1 1.4+0.7 1245+84 110.1+5.0
Ngai, Vietnam, 2012 v (127.0-156.5) (66.3-86.0) (0.9-3.1) (102.4-131.9) (102.8-118.9)
Murina eleryi: Quang Ngai, . >127.9+6.6 84.7+6.3 0.6+0.1 >106.3£5.1
Vietnam, 2011 This study ! 121 (1212-1416) | (75.5-94.2) (0.4-0.8) NA (99.3-114.3)
Murina cyclotis: Quang Ngai, . >127.1+5.8 56.9+13.4 23+0.5 >92.0+7.1
Vietnam, 2011 This study 3 36 | (118.5-149.5) | (35.0-111.9) (1.0-3.4) NA (82-121)
Murina cyclotis: Thailand Hughes et al. 2011 28 28 121.4+44.6 57.4+25.9 1.8+1.2 93.8+7.6 NR
Murina fionae: Quang Ngai, This stud 1 12 152.8+7.8 66.8+7.5 1.05+0.2 112+£21.3 109.8+6.9
Vietnam, 2012 v (135.8-163.1) (51.6-76.1) (0.9-1.6) (72.0-133.4) (93.7-116.7)
Myotis ater: Quang Ngai, . 105.0+7.0 53.4+49 23+0.7 79.2+4.2
Vietnam, 2011 This study 2 24 (95.8-117.7) (44.8-60.4) (1.4-3.9) NA (73.4-87.3)
Mlyotis ater: Bac Kan, 104.7 57.5 1.4 66.7 62.5
Vietnam Furey etal. 2009a 2 4 (95.4-110) (53.7-60.1) (1.0-1.7) (64.3-71.3) | (60.4-64.1)
Myotis muricola: Quang Ngai, This stud 1 12 115.5+7.3 49.9+2.2 3.1+09 65.4+2.38 82.7+35
Vietnam, 2012 v (102.4-127.2) (45.7-53.1) (1.7-4.5) (59.9-69) (76.8-88.6)
Myotis muricola: Thailand Hughes et al. 2011 49 49 118.0+17.1 55.6+10.1 52+25 82.3+16.6 NR
Myotis muricola: Bac Kan, 97.8 54.5 1.9 66.2 59.7
Vietnam Furey et al. 20092 2 4 (753-114.1) | (51.5-59.2) (1.0-2.4) (62.0-73.6) (57.0-63.6)
Scotomanes ornatus: Quang This stud 1 12 104.6+6.3 20.1+0.7 3.3+09 63.8+3.0 62.4+3.2
Ngai, Vietnam, 2012 v (98-122.6) (19.2-21.4) (2-4.8) (56.2-67.1) 59.1-71.3
Scotomanes ornatus: Bac Furey et al. 2009a 6 6 54.1+7.0 21.0+19 3.4+0.8 31.7+25 288+1.8
Kan, Vietnam yetal (43-62) (18.6-23.1) (2.2-4.4) (29.7-35.9) (26.6-31.3)
Sc'otomanes o.rnatus: Liu et al. 2011 NA NA 73.9+115 229+26 NA 579+14 NA
Mianyang, China

lactating or post-lactating (19 of 23) with three pregnant
and one non-reproductive (Table 3). In March 2012 and
2013 (prior to the rainy season), no female bats were
lactating or post-lactating, no volant juveniles of either
sex were captured, and most female bats taken were
either pregnant (36 of 56) or had no discernible evidence
of pregnancy or lactation (Table 3). A single embryo
was found in each of the pregnant females saved as
voucher specimens; the following species and number
of pregnant individuals (in parentheses) were examined
for number of embryos by dissection: Hipposideros
cineraceus (1), H. larvatus (1), Kerivoula hardwickii (1),
My. muricola (1), R. affinis (4), and R. pusillus (6).

Echolocation calls

We recorded echolocation calls of 14 species of
bats in the southeastern Truong Son Mountains (Tables
4 and 5). To our knowledge, calls of four species (M.
annamitica, M. beelzebub, M. eleryi, and M. fionae) have
not been previously reported. FM calls of four species (K.
hardwickii, M. cyclotis, Myotis ater, and My. muricola)
were generally concordant with those reported
previously (Table 4). Differences with calls reported in
the literature for some but not all localities were found
for Scotomanes ornatus and four species with CF calls:
R. affinis, R. pearsonii, R. pusillus, and H. larvatus (Table
5; see Discussion).
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Table 5. Characteristics of echolocation calls of bats with predominantly constant frequency (CF-FM and FM-CF-FM) calls sampled at the
Truong Son Mountains study area, southwestern Quang Ngai Province, Vietnam. Characteristics are also provided for the same species as
documented in the literature. Values are means +/- 1 SD and ranges in parentheses. NA = measurement not applicable, (~) value estimated
from published sonogram. Blanks appear where data were not reported in the original reference.

. CF component . . Duration
Species Reference N bats N calls FMAXE (kHz) FM rise (kHz) | FM tail (kHz) (ms)
Rhinolophus affinis: Quang Ngai, Vietnam, . 80.6+0.77 11.0+6.1 19.2+49 30.6+7.0
2012 This study 18 216 (79.3-82.5) (0-58.9) (2.2-59.9) | (13.9-52)

. - . 43.2+10.4
Rhinolophus affinis: Bac Kan, Vietnam Furey et al. 2009a 18 18 71.1+0.9 ca.14.2 ca. 14.5 (17.6-55.4)
. _— ) Thong 2011 in
Rhinolophus affinis: Kon Tum, Vietnam Kingsada et al. 2011 1 84.5
Rhmolo%ohus. affinis: Hainan, Guangdong, Zhang et al. 2009 (70-74.3)
Guangxi (China)
Rhinolophus affinis: Jiangxi, China Zhang et al. 2009 (88.1-88.5)
Rhinolophus affinis: Yunnan, China Zhang et al. 2009 (82.6-83.7)
Rhinolophus affinis: Fujian, China Zhang et al. 2009 10 (71.9-86.1)
Rhinolophus affinis: unspecified, China Wau et al. 2015 6 1 per bat 86.57 +0.44
Rhinolophus affinis: Peninsular Malaysia Kingston et al. 2000 4 24 77.6 ~10 ~25
Rhinolophus affinis: Cambodia Kingsada et al. 2011 8 >40 (76.1-79.9)
Rhinolophus affinis: Thailand Robinson 1996 6 (75-80)
. — Francis 2008; Francis &
Rhinolophus affinis: Lao PDR Habersetzer 1998 (73-78)
Rhinolophus affinis: Myanmar Francis & Habersetzer 78.4
1998
Rhinolophus affinis: Central Java Ith et al. 2016 6 1 per bat 81.8+04
P : : P (81.2-82.3)
Rhinolophus affinis: Borneo Ith et al. 2016 1 1 per bat 68.9
) . 742+0.5
Rhinolophus affinis: Sumatra Ith et al. 2016 5 1 per bat (73.2-74.6)
Rhinolophus affinis: Southern Malay 77.8+1.3
Peninsula Ith et al. 2016 16 1 per bat (75.4-79.3)
Rhinolophus affinis: Northern Malay 709+0.7
Peninsula Ith et al. 2015 31 1 per bat (69.5-72.6)
Rhinolophus affinis: Tarutao islands, Thailand Ith et al. 2016 10 1 per bat 651+1.3
P : g : P (63.6-66.6)
Rhinolophus pearsonii: Quang Ngai, This stud 1 12 64.0+0.3 11.1+19 13.2+4.2 383+29
Vietnam, 2012 v (63.7-64.4) (8.4-13.6) (6.9-18.4) | (33.9-43.1)
Rhinolophus pearsonii: Thailand Robinson 1996 9 65
Rhinolophus pearsonii: Thailand Hughes et al. 2010 12 12 60.0 ca. 40
. . 53.0+15 41.5+9.7
Rhinolophus pearsonii: Bac Kan, Vietnam Furey et al. 2009a 18 18 (51.1-55.4) ca.10.1 ca.12.1 (26.7-59.7)
Rh{no/ophus pearsonii: multiple locations, Zhang et al. 2009 39 57.6-70
China
Rhinolophus pearsonii: unspecified, China Wu et al. 2015 10 1 per bat 67.70 + 3.08
i illus: i, Vi + + + +
Rhinolophus pusillus: Quang Ngai, Vietnam, This study 3 % 99.7+0.7 149+4.8 17.5+4.8 35.8+9.8
2012 (97.9-101) (2-22.5) (5-26.7) (13.5-52.3)
Rhinolophus pusillus: Bac Kan Province, 105.0+ 1.2 (102.3— 31.6+8.9
Vietnam Furey et al. 2009a 10 10 106.1) ca.14.8 ca. 18.2 (20.5-47.6)
Rhinolophus pusillus: China Zhang et al. 2009 (100.3-111.2) ~15 ~15
Rhinolophus pusillus: Guangxi, China Zhang et al. 2009 111.2
Rhinolophus pusillus: unspecified, China Wu et al. 2015 6 1 per bat 107.52 £1.63
Rhinolophus pusillus . 30-40 Mgans 102to 114,
. . Jiang et al. 2010 199 variable by sex and
Eleven locations across southeastern China per bat g
location
Rhinolophus pusillus: Thailand Hughes et al. 2010 174 174 112.5
phus p : e : (ca. 107-127)
Rhinolophus pusillus: Thailand Robinson 1996 9 (90-95)
Rhinolophus pusillus: Thailand Soisook et al. 2016 40 107.3-115.2
Rhinolophus pusillus: Lao PDR Francis & Habersetzer 100
1998
Rhinolophus pusillus: Lao PDR Francis 2008 (108-110)
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. CF component . . Duration
Species Reference N bats N calls FMAXE (kHz) FM rise (kHz) | FM tail (kHz) (ms)
Hipposideros larvatus: Quang Ngai, Vietnam, . 93.2+0.3 14.8+4.0 58+1.8
2011-2012 This study 2 24 (92.6-93.8) 00 (9.4-21.7) | (3.5-13.0)

. . . 86.5+1.8 78+14
Hipposideros larvatus: Bac Kan, Vietnam Furey et al. 2009a 32 32 (83.8-89.3) ca.0.2 ca.11.3 (5.2-11.2)
H/ppos@lero.s larvatus: Hainan, Guangdong, Zhang et al. 2009 (83.2-88) 00 ~12 -1
Guangxi (China)

Hipposideros larvatus: Yunnan, China Zhang et al. 2009 (79.2-84) 0.0 ~12 ~11
Hipposideros larvatus: Thailand Robinson 1996 5 85

S o 94.7 . R
Hipposideros larvatus: Thailand Hughes et al. 2010 (many) | (many) (ca. 87-100) 0.0 12 10
Hipposideros larvatus: Peninsular Malaysia Kingston et al. 2000 5 30 100.0 ~14 ~10

30
. . . males 30 92.6 £ 1.5 (male)
Hipposideros larvatus: Myanmar Thabah et al. 2006 21 1 93.0 4 1.0 (female)
females
Hipposideros larvatus: Myanmar Struebig et al. 2005 51 51 92714
PP My getal (89.2-95.2)
milzes 12 100.6 + 0.8 (male)
Hipposideros larvatus: Malaysia Thabah et al. 2006 7 7 100.6 + 0.6
(female)
females
Hipposideros larvatus: Myanmar Francis & Habersetzer 97.7
1998
12
. . - . males 12 83.7 + 1.8 (male)
Hipposideros larvatus: India (Phonic group 1) Thabah et al. 2006 10 10 85.1+0.7 (female)
females
22
. . - . males 22 96.7 +2 (male)
Hipposideros larvatus: India (Phonic group 2) Thabah et al. 2006 15 15 98.0 £ 2 (female)
females
Hipposideros larvatus: Guangxi, China Wei et al. 2011 85.2+0.5 7.8+0.9
Hipposideros larvatus: Peninsular Malaysia Francis 2008 (97-100)
Hipposideros larvatus large form: Lao PDR Francis 2008 (93-97)
Hipposideros larvatus medium form: Lao Francis 2008 (86-89)
PDR
Hipposideros larvatus small form: Lao PDR Francis 2008 (99-102)
Hipposideros pomona: Quang Ngai, Vietnam, . 128.6+4.2 10.7+4.1 53+1.0
2012 This study 2 24 (124.3-134.1) 00 (5.3-18.4) (3.1-6.7)

N ) ) 125.142.3 N N 7.0+23
Hipposideros pomona: Bac Kan, Vietnam Furey et al. 2009a 7 7 (122-127.7) 0.1 kHz 21 kHz (3.7-9.3)
Hipposideros pomona: Yunnan, China Zhang et al. 2009 120.8-125.6
Hipposideros pomona: Guangdong, China Zhang et al. 2009 125-129
Hipposideros pomona: Hainan, China Zhang et al. 2009 121

. . . ) Shek and Lau 2006 in 129.6
Hipposideros pomona: Hong Kong, China Zhang et al. (2009) (125.7-132.5)

. . . Francis and
Hipposideros pomona: Lao PDR Haberstetzer (1998) 125
Hipposideros pomona: Lao PDR Francis (2008) 120-126

S. Puechmaille

. . . . pers. comm.) in

Hipposideros pomona: central Thailand Douangboubpha et al. 125.6-128.2
(2010)
. . . 1349+1.4
Hipposideros pomona: Myanmar Struebig et al. (2005) 22 22 (132.1-137.2)
S. Puechmaille
. . . (pers. comm.) in .
Hipposideros pomona: Myanmar Douangboubpha et al. (131.8-135.4)
(2010)

mil3es 230 1333439
Hipposideros pomona: Thailand Douangboubpha et al. (127.3-139.3)

PP P ; (2010) 5 150 139.3+3.7
(127.7-140.2)

females
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© Randall D. Babb

© Nguyen Truong Son

Image 1. Rhinolophus affinis

DISCUSSION

Comparisons with three protected areas in Vietnam
(Furey et al. 2010; Hendrichsen et al. 2001) suggest that
the bat fauna of the southeastern Truong Son Mountains
in Quang Ngai Province is diverse for a region that does
not have a karst geological substrate (karst provides
many potential roosting sites). Greater species richness
of insectivorous bats was found at our study area than in
Kon Cha Rang Nature Reserve and Kon Ka Kinh National
Park (15 and 13 species, respectively; Hendrichsen et al.
2001) in nearby Gia Lai Province, but overall diversity
was lower than at the more intensively sampled,
karst-dominated Kim Hy Nature Reserve (28 species
of insectivorous bats, four pteropids, 90% inventory
completeness, Simpson Index 10.91 + 0.18, Evenness
0.341; Furey et al. 2010). Abundance of bats per unit of

© Randall D. Babb

© Nguyen Truong Son

Image 2. Rhinolophus shameli

mist-netting effort was twice as high at Kim Hy Nature
Reserve (0.014 bats per m?nh, Furey et al. 2010) than at
our area, but results per unit trapping were similar (0.047
bats per m?th; Furey et al. 2010). Species detected per
unit of mist-netting was nearly identical (0.0009; Furey et
al. 2010), but species detected per unit trapping (0.006
at Kim Hy; Furey et al. 2010) was higher at our study area
overall. The number of species and individuals detected
per unit effort at the lower elevation site we sampled
in 2011 and 2013 were comparable to or higher than at
Kim Hy overall, and comparable to or higher than two of
the three forest types at Kim Hy Nature Reserve (Furey
etal. 2010). Lower evenness and diversity was especially
pronounced at our higher elevation sites sampled during
2012; diversity comparisons are more similar among our
lower elevation sites sampled during 2011/2013 and the
sites at Kim Hy Nature Reserve.

It is noteworthy that we documented five species
of tube-nosed bats (genus Murina) sympatrically

8962

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 July 2016 | 8(7): 8953—-8969



Bats of Truong Son Mountains, Vietnam

Son et al.

© Nguyen Truong Son

Image 3. Rhinolophus pearsonii

distributed at the study area. Son et al. (2015a) provided
a detailed overview of the genus Murina in Vietnam,
and established that Vietnam has the greatest number
of species of Murina in Southeast Asia. In contrast,
however, we did not detect fruit bats at our study area.
At least two species of fruit bats were captured at Kon
Cha Rang and Kon Ka Kinh National Park in nearby Gia Lai
Province (Hendrichsen 2001), and four species of fruit
bats were present at Kim Hy Nature Reserve in Bac Kan
Province (Furey et al. 2010). Pteropodid bats may utilize
the southeastern Truong Son Mountains study area at
other times of the year if fruit is more abundant than
in the dry or in the early wet seasons when we sampled
the bat fauna. Evidence for the presence of fruit bats
of unknown species was detected below a fruiting tree

© Randall D. Babb

© Randall D. Babb'}

Image 4. Rhinolophus pusillus

near the 2012 study area, and in 2011 an unidentified
Cynopterus was seen about 17km from our camp at a
lower elevation.

We found a higher diversity of bats at the lower
elevation site. Only M. eleryi was taken exclusively in
a harp trap at this site, suggesting that differences in
sampling techniques cannot explain the higher diversity
at the lower elevation. Two ecological factors may
contribute to the differences in diversity between lower
and higher elevations in the southeastern Truong Son
Mountains. In other tropical and subtropical areas,
the diversity of bats declines with increasing elevation
(e.g., Graham 1983; Patterson et al. 1998). Additionally,
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© Nguyen Truong Son

Image 5. Hipposideros cineraceus

© Randall D. Babb

Image 6. Hipposideros larvatus

some differences in diversity between lower and higher
elevations at our study area might reflect seasonal
movements of bats. In northern Vietnam Furey et al.
(2010) suggest that some species of bats may be unique
to each season. They found only about half of the total
documented species in both dry and wet seasons (40-52
% depending on habitat type), and fewer species were
recorded in each unique habitat type during the wet
season than during the dry season (Furey et al. 2010).
We found evidence for seasonal differences in
reproduction of female bats at our study area. In much
of Vietnam there is a predictable rainy season following
a dry winter season, but with the monthly patterns of
precipitation varying regionally (Sterling et al. 2006). In

© Randall D. Babb

Image 7. Hipposideros pomona

© Nguyen Truong Son

Image 8. Megaderma lyra

many other tropical and subtropical parts of the world
the reproductive season of insectivorous bats is timed to
coincide with predictable rainy seasons: young are born
and become independent when community productivity
and insect abundance is high (Fleming et al. 1972;
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Image 9. Murina annamitica

© Randall D. Babb

Image 11. Murina cyclotis

Bernard & Cumming 1997; Racey & Entwistle 2000).
Furey et al. (2011) found strong evidence to support the
existence of this pattern in the insectivorous bat fauna at
Kim Hy Nature Reserve, and suggested that the pattern
may hold for a wider region in Southeast Asia. Rainfall
in the southeastern Truong Son Mountains is lowest in
January through March, then increases and remains
relatively higher from May to November (Fig. 2). Our
findings strongly support Furey et al.s (2011) suggestion

Randall D. Babb

Image 10. Murina beelzebub

© Randall D. Babb

Image 12. Murina eleryi

of rainy season reproduction of bats in Vietnam. In
March prior to the rainy season, we found that many
females were pregnant, no females were lactating or
post-lactating, and no volant juveniles of either sex were
captured (Table 3). In late May and June, most adult
females were lactating, a few were pregnant, and volant
juveniles of 10 species were captured (Table 3). Given
the longer period of seasonal rainfall at our study area
compared to the Kim Hy Nature Reserve, it is possible
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© Randall D. Babb

Image 13. Murina fionae

© Randall D. Babb

Image 15. Kerivoula hardwicki

that the reproductive season for some species of bats
also may be more prolonged than in areas with shorter
rainy seasons.

Echolocation call measurements of the two Murina
species recorded in 2012 (Table 4) are concordant with
those reported previously for other species in this
genus. Kingston et al (1999) and Thong et al. (2011)
reported that echolocation calls of different Murina
species tend to be similar to one another, showing
short durations and faint intensity, sweeping a broad
bandwidth with high frequency starting points, typically
at about 150kHz. These characteristics match those we
recorded for M. beelzebub and M. fionae. Calls for the
Murina sampled at Camp 1 in 2011 also match these
characteristics, but our start frequency estimates may
have been limited by the equipment used at that time.
For these species, the maximum values in the range of

© Randall D. Babb

© Nguyen Truong Son

Image 15. Scotomanes ornatus

the start frequencies are most reliable. Midpoint values
may also be biased low. However, our measurements
of calls of M. cyclotis in 2011 are very similar to those
of M. cyclotis from Thailand (Hughes et al. 2011; Table
4). Our measurements of echolocation calls of the other
species of vespertilionid bats are consistent with those
reported previously. Echolocation calls of Scotomanes
ornatus were recorded from a hand-held individual in
our study, and the start and end frequencies are higher
than those reported by Furey et al. (2009a) for free-flying
S. ornatus. This is most likely because the free-flying
individuals emphasized the first harmonic, whereas our
peak energy measurements of the hand-held bat were
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all in the second harmonic. Measurements of calls of S.
ornatus recorded by Liu et al. (2011) at Mianyang, China
had lower start frequencies than our results, but showed
similar FMAXE and end frequencies (Table 4).

Greater discrepancies in  echolocation call
measurements are observed when we compare CF
calls of rhinolophid and hipposiderid bats recorded in
the southeastern Truong Son Mountains with those
previously reported in other parts of Asia (Table 5). It
is suspected that several currently recognized species of
these Asian bats, such as H. larvatus and some species of
Rhinolophus, may consist of complexes of several species
with very similar morphological characteristics (Francis
2008). Further research will be required to resolve the
causes of geographic variation in echolocation calls of
rhinolophid and hipposiderid bats in relation to their
systematic status. Such geographic variation is found in
FMAXE measurements of R. affinis (Table 5). In R. affinis,
the coefficient of variation was <1% for FMAXE of 216 calls
from 18 bats recorded at our study area in Quang Ngai,
whereas calls recorded previously in Vietnam, China,
Lao PDR, Myanmar, Malaysia, Borneo and Sumatra (but
not central Java) were generally outside of the range of
minimum-maximum values from our study area (Table
5; Ith et al. 2015). In our study area the higher FMAXE of
echolocation calls of R. affinis (sensu lato) did not follow
the geographic trend suggested by Ith et al. (2016) of
lower frequencies north of the Kangar-Pattani Line
across the Thai-Malay Peninsula. Discrepancies also are
found between calls of R. pusillus in the present study
and those from some locations in China, Thailand, Lao
PDR, and Vietnam (Table 5). Jiang et al. (2010) show that
resting frequencies in R. pusillus across southeastern
China vary by sex, location and mean annual rainfall.
However, the mean frequencies in that study are outside
the range of call measurements taken at our study area
(Table 5). Considering this variability in echolocation
calls, our findings support Zhang et al. (2009) and
Soisook et als (2016) suggestions that cryptic species of
an R. pusillus complex might be present in Asia based
on differences in echolocation calls. Values of FMAXE
for R. pearsonii also showed some discrepancies as well
as similarities among localities. Among hipposiderids,
we found overlap with our range of estimates of FMAXE
for H. pomona and published reports from elsewhere,
including China, Lao PDR, Myanmar and Thailand (Table
5). In contrast, great variation is seen in FMAXE of
bats referred to as H. larvatus across Asia, with results
reported from Myanmar more consistent with those
of bats we recorded than from many other locations
(Table 5). Thabah et al. (2006) suggested that bats from

Myanmar with echolocation frequencies similar to the
bats we sampled may be a species other than H. larvatus.
Hipposideros larvatus seems to present another case
where additional research on variability in echolocation
and systematics is needed. There is a possibility that
some of the discrepancies that we highlight among
various published studies by others could be an
artifact of misidentification of bats, circumstances of
recording (e.g., in free-flying vs. in-hand), or variability
in equipment among studies. Nonetheless the number
of differences suggests a real biological basis for this
variation and the need for further study.

CONCLUSION

This study revealed significant biodiversity in the
insectivorous bats of the southeastern Truong Son
Mountains in Quang Ngai Province, Vietnam. Enhanced
conservation and protection planning for the watershed
protection forests within this area will be critical for
maintaining the diversity of bats and other wildlife of the
region in the future.

REFERENCES

Bernard, RT.F. & G.S. Cumming (1997). African bats: evolution of
reproductive patterns and delays. Quarterly Review of Biology 72:
253-274.

Borissenko, A.V. & S.V. Kruskop (2003). Bats of Vietnam and Adjacent
Territories, an Identification Manual. Russian Vietnamese Science
and Technological Tropical Centre, Hanoi, Vietnam and the
Zoological Museum of Moscow, M.V. Lomonosov State University,
211pp.

Brunet-Rossinni, A.K. & G.S. Wilkinson (2009). Methods for age
estimation and the study of senescence in bats, pp. 315-325. In:
Kunz, T.H. & S. Parsons (eds.). Ecological and Behavioral Methods
for the Study of Bats - 2™ Edition. Johns Hopkins University Press,
Baltimore, 901pp.

Chao, A. & T.J. Shen (2010). User’s Guide for Program SPADE (Species
Prediction and Diversity Estimation). Available at http://CHAO.stat.
nthu.edu.tw/softwarece.html. Downloaded 6 April 2015.

Csorba, G. (2011). A new species of Glischropus from the Indochinese
Subregion (Mammalia: Chiroptera: Vespertilionidae). Zootaxa 2925:
41-48.

Csorba, G. & P.J.J. Bates (2005). Description of a new species of
Murina from Cambodia (Chiroptera: Vespertilionidae: Murininae).
Acta Chiropterologica 7: 1-7; http://dx.doi.org/10.3161/1733-
5329(2005)7[1:DOANS0]2.0.CO;2

Csorba, G., V.D. Thong, P.J.J. Bates & N.M. Furey (2007). Description of
anew species of Murina from Vietnam (Chiroptera: Vespertilionidae:
Murininae). Occasional Papers, Museum of Texas Tech University
268: 1-12.

Csorba, G., N.T. Son, S. Ith & N.M. Furey (2011). Revealing cryptic bat
diversity: three new Murina and redescription of M. tubinaris from
Southeast Asia. Journal of Mammalogy 92: 891-904; http://dx.doi.
org/10.1644/10-MAMM-A-269.1

Douangboubpha, B., S. Bumrungsri, P. Soisook, C. Satasook,
N.M. Thomas & P.J.J. Bates (2010). A taxonomic review of the

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 July 2016 | 8(7): 8953—-8969

8967


http://dx.doi.org/10.1644/10-MAMM-A-269.1
http://dx.doi.org/10.3161/1733-5329(2005)7[1:DOANSO]2.0.CO;2

Bats of Truong Son Mountains, Vietnam

Son et al.

Hipposideros bicolor species complex and H. pomona (Chiroptera:
Hipposideridae) in Thailand. Acta Chiropterologica 12: 415-438;
http://dx.doi.org/10.3161/150811010X537990

Eger, J.L. & B.K. Lim (2011). Three new species of Murina from southern
China (Chiroptera: Vespertilionidae). Acta Chiropterologica 13: 227—
243; http://dx.doi.org/10.3161/150811011X624730

Fenton, M.B., S. Bouchard, M.J. Vonhof & J. Zigouris (2001). Time-
expansion and zero-crossing period meter systems present
significantly different views of echolocation calls of bats. Journal of
Mammalogy 82: 721-727.

Fleming, T.H., E. T. Hooper & D.E. Wilson (1972). Three Central
American bat communities: structure, reproductive cycles, and
movement patterns. Ecology 53: 555-569.

Francis, C.M. (2008). A Guide to the Mammals of Southeast Asia.
Princeton University Press, Princeton and Oxford, 392pp.

Francis, C.M. & J.L. Eger (2012). A review of tube-nosed bats (Murina)
fromLaoswithadescriptionoftwonewspecies. Acta Chiropterologica
14: 15-38; http://dx.doi.org/10.3161/150811012X654231

Francis, C.M. & J. Habersetzer (1998). Interspecific and intraspecific
variation in the echolocation call frequency and morphology of
horseshoe bats, Rhinolophus and Hipposideros, pp. 169-179.
In: Kunz, T.H. & P.A. Racey (eds.). Bat Biology and Conservation.
Smithsonian Institution Press, Washington DC, 365pp.

Furey, N.M., I.J. Mackie & P.A. Racey (2009a). The role of bat detectors
in improving inventory and monitoring surveys in Vietnamese karst
bat assemblages. Current Zoology 55: 327-341.

Furey, N.M., V.D. Thong, P.J.J. Bates & G. Csorba (2009b).
Description of a new species belonging to the Murina “suilla-
group” (Chiroptera: Vespertilionidae: Murininae) from northern
Vietnam. Acta Chiropterologica 11: 225-236; http://dx.doi.
org/10.3161/150811009X485477

Furey, N.M., LJ. Mackie & P.A. Racey (2010). Bat diversity in
Vietnamese limestone karst areas and the implications of forest
degradation. Biodiversity and Conservation 19: 1821-1838; http://
dx.doi.org/10.1007/s10531-010-9806-0

Furey, N.M., I.J. Mackie & P.A. Racey (2011). Reproductive phenology
of bat assemblages in Vietnamese karst and its conservation
implications. Acta Chiropterologica 13: 341-354; http://dx.doi.
org/10.3161/150811011X624811

Graham, G.L. (1983). Changes in bat species diversity along an
elevational gradient up the Peruvian Andes. Journal of Mammalogy
64:559-571.

Hendrichsen, D.K., P.J.J. Bates, B.D. Hayes & J.L. Walston (2001).
Recent records of bats (Mammalia: Chiroptera) from Vietnam with
seven species new to the country. Myotis 39: 35-122.

Hughes, A.C., C. Satasook, P.J.J. Bates, P. Soisook, T. Sritongchuay,
G. Jones & S. Bumrungsri (2010). Echolocation call analysis and
presence-only modelling as conservation monitoring tools for
rhinolophoid bats in Thailand. Acta Chiropterologica 12: 311-327;
http://dx.doi.org/10.3161/150811010X537891

Hughes, A. C., C. Satasook, P.J.J. Bates, P. Soisook, T. Sritongchuay, G.
Jones & S. Bumrungsri (2011). Using echolocation calls to identify
Thai bat species: Vespertilionidae, Emballonuridae, Nycteridae and
Megadermatidae. Acta Chiropterologica 13: 447—-455; http://dx.doi.
org/10.3161/150811011X624938

Ith, S., S. Bumrungsri, N.M. Furey, P.J.J. Bates, M. Wonglapsuwan,
F.A.A. Khan, V.D. Thong, P. Soisook, C. Satasook & N.M. Thomas
(2015). Taxonomic implications of geographical variation in
Rhinolophus affinis (Chiroptera: Rhinolophidae) in mainland
Southeast Asia. Zoological Studies 54(31): 29pp; http://dx.doi.
org/10.1186/s40555-015-0109-8

Ith, S., S. Bumrungsri, N.M. Thomas, P.J.J. Bates, D.A. Willette, F.A.A.
Khan, M. Wonglapsuwan, P. Soisook, I. Maryanto, J. Chun-Chia
Huang & N.M. Furey (2016). Geographical variation of Rhinolophus
affinis (Chiroptera: Rhinolophidae) in the Sundaic subregion of
Southeast Asia, including the Malay Peninsula, Borneo and Sumatra.
Acta Chiropterologica 18: 141-161; http://dx.doi.org/10.3161/1508
1109ACC2016.18.1.006

Jiang, T., W. Metzner, Y. You, S. Liu, G. Lu, S. Li, L. Wang & J. Feng

(2010). Variation in the resting frequency of Rhinolophus pusillus in
mainland China: effect of climate and implications for conservation.
Journal of the Acoustical Society of America 128: 2204-2211; http://
dx.doi.org/10.1121/1.3478855

Kingsada, P., B. Douangboubpha, I. Saveng, N. Furey, P. Sisook, S.
Bumrungsri, C. Satasook, V.D. Thong, G. Csorba, D. Harrison, M.
Pearch, P. Bates & N. Thomas (2011). A checklist of bats from
Cambodia, including the first record of the intermediate horseshoe
bat Rhinolophus affinis (Chiroptera: Rhinolophidae), with additional
information from Thailand and Vietnam. Cambodian Journal of
Natural History 2011: 49-59.

Kingston, T. (2009). Analysis of species diversity of bat assemblages,
pp. 195-215. In: Kunz, T.H. & S. Parsons (eds.). Ecological and
Behavioral Methods for the Study of Bats - 2nd Edition. Johns
Hopkins University Press, Baltimore, 901pp.

Kingston, T. (2010). Research priorities for bat conservation in
Southeast Asia: a consensus approach. Biodiversity Conservation
19:471-484.

Kingston, T., G. Jones, Z. Akbar & T.H. Kunz (1999). Echolocation signal
design in Kerivoulinae and Murininae (Chiroptera: Vespertilionidae)
from Malaysia. Journal of Zoology (London) 249: 359-374; http://
dx.doi.org/10.1111/j.1469-7998.1999.tb00771.x

Kingston, T., G. Jones, A. Zubaid & T.H. Kunz (2000). Resource
partitioning in rhinolophoid bats revisited. Oecologia 124: 332—-342.

Kruskop, S.V. (2013). Bats of Vietnam. Checklist and an Identification
Manual. Joint Russian-Vietnamese Sciences and Technological
Tropical Centre and Zoological Museum of Moscow M.V. Lomonosov
State University, 299pp.

Kruskop, S.V. &J.L. Eger (2008). A new species of tube-nosed bat Murina
(Vespertilionidae, Chiroptera) from Vietnam. Acta Chiropterologica
10: 213-220; http://dx.doi.org/10.3161/150811008X414809

Liu, H., H.Y. Shi, Q.P. Fan, W.Y. Chen & B.B. Li (2011). Echolocation calls
of Scotomanes ornatus. Journal of Mianyang Normal University 2:
69-71, 76.

Magurran, A. E. (1988). Ecological Diversity and its Measurement.
Princeton University Press, Princeton, NJ, 179pp.

NASA. (2012). NASA climatology resources. http://power.larc.nasa.
gov/cgi-bin/cgiwrap/solar/agro.cgi?email=agrocLim@Ilarc.nasa.
gov). Accessed 15 October 2012.

Patterson, B.D., D.F. Stotz, S. Solari, J.W. Fitzpatrick & V. Pacheco
(1998). Contrasting patterns of elevational zonation for birds
and mammals in the Andes of southeastern Peru. Journal of
Biogeography 25: 593-607.

Racey, P.A. (2009). Reproductive assessment of bats, pp. 249-264. In:
Kunz, T.H. & S. Parsons (eds.). Ecological and Behavioral Methods
for the Study of Bats. 2nd edition. Johns Hopkins University Press,
Baltimore, 901pp.

Racey, P.A. & Entwistle, A.C. (2000). Life-history and reproductive
strategies of bats, pp. 363—-414. In: Crichton, E.G. & P.H. Krutzsch
(eds.). Reproductive Biology of Bats. Academic Press, San Diego,
510pp.

Robinson, M.F. (1996). A relationship between echolocation calls and
noseleaf widths in bats of the genera Rhinolophus and Hipposideros.
Journal of Zoology (London) 239: 389-393.

Shek, C. & C.T.Y. Lau (2006). Echolocation calls of five horse shoe bats
of Hong Kong. Hong Kong Biodiversity 13: 9-12.

Shen, T.J., A. Chao & J.F. Lin (2003). Predicting the number of new
species in further taxonomic sampling. Ecology 84: 798—804; http://
dx.doi.org/10.1890/0012-9658(2003)084[0798:PTNONS]2.0.CO;2

Skowronski, M.D. & M.B. Fenton (2008). Model-based automated
detection of echolocation calls using the link detector. Journal of
the Acoustical Society of America 124: 328-336; http://dx.doi.
org/10.1121/1.2924122

Soisook, P., S. Karapan, C. Satasook & P.J.J. Bates (2013a). A new
species of Murina (Mammalia: Chiroptera: Vespertilionidae)
from peninsular Thailand. Zootaxa 3746: 567-579; http://dx.doi.
org/10.11646/zootaxa.3746.4.4

Soisook, P., S. Karapan, S. Satasook, V.D. Thong, F.A.A. Khan, I.
Maryanto, G. Csorba, N. Furey, B. Aul & P.J.J. Bates (2013b). A review

8968

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 July 2016 | 8(7): 8953—-8969


http://dx.doi.org/10.11646/zootaxa.3746.4.4
http://dx.doi.org/10.1121/1.2924122
http://dx.doi.org/10.1890/0012-9658(2003)084[0798:PTNONS]2.0.CO;2
http://dx.doi.org/10.3161/15081109ACC2016.18.1.006
http://dx.doi.org/10.1186/s40555-015-0109-8
http://dx.doi.org/10.3161/150811011X624938
http://dx.doi.org/10.3161/150811010X537891
http://dx.doi.org/10.3161/150811011X624811
http://dx.doi.org/10.1007/s10531-010-9806-0
http://dx.doi.org/10.3161/150811009X485477
http://dx.doi.org/10.3161/150811008X414809
http://dx.doi.org/10.1111/j.1469-7998.1999.tb00771.x
http://dx.doi.org/10.1121/1.3478855
http://dx.doi.org/10.3161/150811010X537990
http://dx.doi.org/10.3161/150811011X624730
http://dx.doi.org/10.3161/150811012X654231

Bats of Truong Son Mountains, Vietnam

Son et al.

of the Murina cyclotis complex (Chiroptera: Vespertilionidae) with
descriptions of a new species and subspecies. Acta Chiropterologica
15: 271-292; http://dx.doi.org/10.3161/150811013X678928

Soisook, P., S. Karapan, M. Srikrachang, A. Dejtaradol, K.
Nualcharoen, Sara Bumrungsri, S.S. Lin Oo, M.M. Aung, P.J.J.
Bates, M. Harutyunyan, M.M. Bus$ & W. Bogdanowicz. (2016). Hill
forest dweller: a new cryptic species of Rhinolophus in the ‘pusillus
group’ (Chiroptera: Rhinolophidae) from Thailand and Lao PDR.
Acta Chiropterologica 18: 117-139; http://dx.doi.org/ 10.3161/15
081109ACC2016.18.1.005

Solow, A.R. & S. Polasky (1999). A quick estimator for taxonomic
surveys. Ecology 80: 2799-2803.

Son, N.T., G. Csorba, T.V. Tu, D.V. Thong, Y. Wu, M. Harada, T. Oshida,
H. Endo & M. Motokawa (2015a). A new species of the genus
Murina (Chiroptera: Vespertilionidae) from the Central Highlands of
Vietnam with a review of the subfamily Murininae in Vietnam. Acta
Chiropterologica 17: 201-232; http://dx.doi.org/10.3161/1508110
9ACC2015.17.2.001

Son, N.T., M. Motokawa, T. Oshida, V.D. Thong, G. Csorba & H. Endo
(2015b). Multivariate analysis of the skull size and shape in tube-
nosed bats of the genus Murina (Chiroptera: Vespertilionidae)
from Vietnam. Mammal Study 40: 79-94; http://dx.doi.
org/10.3106/041.040.0203

Sterling, E.J., M.M. Hurley & L.D. Minh. (2006). Vietnam: A Natural
History. Yale University Press, New Haven, Connecticut, 423pp.

Struebig, M.J., S.J. Rossiter, P.J.J. Bates, T. Kingston, S.S.L. Oo, A.A.
New, M.M. Aung, S.S. Win & K.M. Mya (2005) Results of a recent
bat survey in Upper Myanmar including new records from the
Kachin forests. Acta Chiropterologica 7: 147-163; http://dx.doi.
org/10.3161/1733-5329(2005)7[147:ROARBS]2.0.CO;2

Thabah, A,, S.J. Rossiter, T. Kingston, S. Zhang, S. Parsons, K.M. Mya,
A. Zubaid & G. Jones (2006). Genetic divergence and echolocation
call frequency in cryptic species of Hipposideros larvatus s. |.
(Chiroptera: Hipposideridae) from the Indo-Malayan region.
Biological Journal of the Linnean Society 88: 119—-130.

Thong, V.D. (2011). Systematics and Echolocation of Rhinolophoid
Bats (Mammalia: Chiroptera) in Vietnam. PhD Thesis. University of
Tubingen, Tubingen, Germany, 250pp.

Thong, V.D., C. Dietz, A. Denzinger, P.J.J. Bates, N.M. Furey, G.
Csorba, G. Hoye, L.D. Thuy & H.U. Schnitzler (2011). Further
records of Murina tiensa from Vietnam with first information on
its echolocation calls. Hystrix Italian Journal of Mammalogy 22:
129-138.

Tordoff, A., R. Timmins, R. Smith & M.K. Vinh (2003). A Biological
Assessment of the Central Truong Son Landscape. Central Truong
Son Initiative Report No. 1. WWF Indochina, Hanoi, Vietnam, 135pp.
Available at http://assets.panda.org/downloads/reportlenglish.
pdf. Downloaded 9 April 2016.

Wei, L., Y. Gan, Z. Li, Z. Lin, T. Hong & L. Zhang (2011) Comparisons of
echolocation calls and wing morphology among six sympatric bat
species. Acta Theriologica Sinica 31: 155-163.

Wildlife Acoustics (2012). Echo Meter User Manual. http://www.
wildlifeacoustics.com/images/documentation/EM3_User_Manual.
pdf. Downloaded 9 April 2016.

Wu, H., T.L. Jiang, R. Miiller & J. Feng (2015). The allometry of
echolocation call frequencies in horseshoe bats: nasal capsule and
pinna size are the better predictors than forearm length. Journal
of Zoology (London) 297: 211-219; http://dx.doi.org/10.1111/
j20.12265

Zhang, L., G. Jones, J. Zhang, G. Zhu, S. Parsons, S.J. Rossiter & S.
Zhang (2009). Recent surveys of bats (Mammalia: Chiroptera) from
China. I. Rhinolophidae and Hipposideridae. Acta Chiropterologica
11: 71-88; http://dx.doi.org/10.3161/150811009X465703

WiED

Threatened Taxa

Vietnamese abstract: Viét Nam dugc danh gid la mét trong nhitng
trung tam da dang doi trong khu virc Dong Nam A cling nhu clia thé
gidi. Cac nghién cliru gan day cho thay, Viét Nam con chira dung tiém
nang da dang cac loai doi can tiép tuc dugc nghién ctru. Tir 2011 dén
2013, ching téi d3 diéu tra danh gia mic dé da dang cac loai doi tai
khu rirng phong hd khu vuc déng nam dady Truong Son, trén dia ban
tinh Quang Ngai va da ghi nhan dwoc 20 loai doi an cén trung vdi mirc
d6 da dang cao cla céc loai doi miii 8ng giéng Murina. So sénh véi mot
s6 khu vuc khac cla Viét Nam, céc chi sé da dang va phong phu céc
loai doi ghi nhan tai vung nghién cltu twong duong hoac cao hon, mac
du tai day khong phai la khu vire ndi da voi, noi trd ngu thich hop cho
céc loai doi. Mua sinh san cla cac loai doi mubi dugc ghi nhan dién ra
vao dau mua mua khi ghi nhan duoc da phan cac ca thé cai dang nubi
con hodc dang cai sita va con non cé thé bay duoc. Trong khi cudi mua
mua, khong bét gdp con non ma chi ghi nhan duoc s6 it ca thé cai van
dang mang thai. Tin hiéu siéu &m cla 14 loai doi d3 dugc ghi nhan va
so sanh vdi nhitng dan liéu cong bd trwde day tai khu viee khac nhau &
chau A ma mét s6 diém bat thudng trong cac chi s6 tin hiéu siéu am
clia mot s6 loai cé thé chi ra rang, sy da dang doi tai Dong Nam A con
an chra nhiéu diéu can tiép tuc dwoc nghién ciru.
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