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Abstract. Ly Son is a small but important archipelago of Vietnam. It contains
different ecosystems ranging from urbanized to natural vegetation. However, little
was known about bats and the general biodiversity of this archipelago. In August
2017 and May 2022, the author conducted a series of bat surveys throughout the
archipelago. Bats were captured using mist nets and harp traps. Echolocation calls
were recorded using the PCTape system at every netting and trapping site and inside
a flight tent. Recorded calls were analyzed using the Selena software. Results from
the survey confirmed that the Ly Son archipelago is home to two bat species
belonging to two genera, two families: Pteropodidae (Cynopterus sphinx) and
Vespertilionidae (Myotis muricola). Of these two species, C. sphinx was very
common while M. muricola was rarely recorded in the archipelago. Remarkably, the
echolocation signal duration of M. muricola is in a range of 2.6-5.2 milliseconds
which is longer than descriptions in previous publications.
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1. Introduction

Ly Son is one of the most important archipelagoes of Vietnam in different aspects
including history, culture, and nature conservation. It is located in the north-eastern
Quang Ngai province of Vietnam, about 28.0 kilometers from the mainland [1]. This
small archipelago comprises three natural islands, namely Dao Lon, Dao Be, and Mu Cu,
with a total area of approximately 10 square kilometers [1]. Since 2010, Dao Lon and Mu
Cu have been connected by a long artificial breakwater forming a haven for fishing boats.
The topography of the islands includes caves, rather flat land areas, and five hills with
vegetation ranging from cultivated fields, plantations, and natural forests (Figure 1). The
caves and other ecosystems of the archipelago appear to be home to many plant and
animal species. However, the general biodiversity of Ly Son was poorly studied. Before
the present study, 60 taxa of soft corals were recorded from the islands [1]. Records of
bats from this archipelago were just included in Viet et al. [2, 3]. In August 2017 and
May 2022, the author conducted two bat surveys throughout the terrestrial ecosystems in
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three islands in the Ly Son archipelago. All captured bats were identified according to
their morphology and echolocation calls. This paper provides morphological and acoustic
features of bats recorded from the |slands over the surveys

Figure 1. A Iandscape vie of various habitats in Ly Son archiplago |
2. Content

2.1. Bat capture and morphometric measurements

The surveys were conducted following Thong et al. [4-6]. Bats were captured and
handled following guidelines recommended by the American Society of Mammalogists [7, 8].
Two four-bank harp traps [9] and six mist nets of 6.0 m (height) x 9.0-12.0 m (length),
mesh size 16 x 16 mm, were set up under the canopy of fruit trees and natural vegetation.
Thirty-six individuals of two species were captured over the surveys: C. sphinx (15 males
and 17 females) and M. muricola (one male and three females). Of which, five males and
nine females of C. sphinx were juvenile while the remaining individuals are adults and in
an unproductive period. The following external measurements were taken using a digital
caliper to the nearest 0.1 mm. FA, forearm length-from the extremity of the elbow to the
extremity of the carpus with the wings folded; EH, ear height length of ear conch; TIB,
tibia length-from the knee joint to the ankle; HF, hind-foot length from of the extremity
of the heel behind the os calcis to the extremity of the longest digit, excluding the hairs
or claws; T, tail length from the tip of the tail to its base adjacent to the body. The above
measurements were illustrated in Bates and Harrison [10] and Csorba et al. [11].
Reproductive status and age were assessed following Racey [12] and Brunet-Rossini and
Wilkinson [13]. To reduce the influence of age variations in morphological features,
juveniles were excluded from analyses. Identification of captured bats was based on a
comparison with materials from other areas in Vietnam including Cuc Phuong and Cat
Ba National Parks.
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2.2. Echolocation recordings and analyses

Echolocation calls were recorded using the PCTape system (480 kHz, 16 bit) in
natural habitats and when each captured bat was released after taking measurements and
photographs for identification. Batman software, which displays color sonograms of the
detected echolocation signals in real-time, was used to obtain high-quality sound
sequences. A selected sound sequence of 2.44 seconds with a good signal-to-noise ratio
was analyzed using the Selena software (both PCTape and Selena are custom-made at the
University of Tuebingen, Germany). Signals were displayed as sonograms with an FFT
(Fast Fourier Transformation) of 256, Hann-window, and zero-padding to measure the
following call parameters: initial frequency (Fi), terminal frequency (Ft), pulse duration (PD),
and inter-pulse interval (IPI). All parameters were measured from the first harmonic.

2.3. Results

Morphological features of the captured fruit bats fit the diagnoses of C. sphinx:
margins of each pinna and fingers are whitish; the posterior margin of each pinna is
curved and thinner than the anterior one; the pelage is soft and dark brown; nostrils are
tubular and open slightly outwards (Figure 2). The external tail of adult individuals is
well protruded. Their FA and EH are in ranges of 65.9-71.5 mm and 19.0-22.4 mm,
respectively (Table 1). External characteristics of the echolocating bats fit the diagnoses
of M. muricola (Figure 3). Their FA and EH are short with an average of 352 mm
(34.2-35.8 mm) and 11.9 mm (11.5-12.4 mm), respectively (Table 1). The dorsal pelage
is dark grey and the ventral one is whitish.

Figure 2. Frontal view of Cynopterus sphinx from Ly Son archipelago
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Figure 4. Sonograms and oscillograms of a signal sequence lasting 500 milliseconds (A)
and close-up views of a single echolocation signal (B) of Myotis muricola

from Ly Son archipelago

Table 1. Selected external measurements (in mm) of specimens collected
during the present study

Species n FA EH TIB HF
_ 69.7+19 | 206+09 | 271+09 | 149+1.2
Cynopterus sphinx | 18 | g59.715 | 19.0-22.4 | 25.2-28.7 | 13.1-16.5
o 352+07 | 11.9+04 | 162+06 | 6.8+05
Myotis muricola 4 | 342-358 | 115-124 | 155-169 | 6.2-72

Values are given as mean * standard deviation, and ranges.
Acronyms are defined in the section “Materials and Methods”.
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Of the two bat species currently known from the Ly Son archipelago, M. muricola is
the only species using echolocation calls. A sound sequence recorded in natural
vegetation with good signals-to-noise ratio was analyzed. The sequence exhibits a search
phase comprising 39 downward frequency-modulated calls. PD of each call varied
between 2.6 and 5.2 milliseconds (Figure 4). Fi, Ft, and IPI of the calls are in the range
of 74.7-110.4 kHz, 53.5-56.4 kHz, and 53.9-95.5, respectively.

2.4. Discussion

Kruskop (2013) recorded three species of Cynopterus from Vietnam: C. brachyotis,
C. Horsfieldii, and C. Sphinx [14]. Of these, C. brachyotis is distinguishable from the two
others by smaller body size and ear shape [15, 16]. Cynopterus horsfieldii and C. sphinx
are almost indistinguishable in external features [15, 16]. The former is only
distinguishable from the latter by cranial characteristics with ridges or cusps on occlusal
surfaces of the second and third lower molars [14, 17, 18]. However, the taxonomic status
of all three species of Cyopterus from Vietnam is still under discussion and requires an
intensive review in both morphology and genetics.

Morphological characteristics of the captured M. muricola individuals are almost
similar to descriptions in previous publications except for their pelage color [14, 19] (Figure 3).
The dorsal and ventral pelages of this species were described as “clove brown to dark
brown with the roosts dark brown to black” and “mid-to buffy brown hair tips and very
dark roots” [19]. The dorsal and ventral pelages all 4 captured individuals of M. muricola
from the Ly Son archipelago are dark grey and whitish, respectively. Vietnam is known
as the native country to a species complex of M. muricola with a large variation in external
features. Extensive research throughout the known distributional range of the species with
a combination of data in all morphology, echolocation, and genetics is clearly required
for confirmation of the species taxonomy from Vietnam and surrounding countries.

Before the present study, the echolocation of M. muricola was poorly documented.
The first data on the echolocation of this species from Vietnam was included in Furey et al. [20].
Another record of the species echolocation from Malaysia was also described by Yoon
and Park [21]. Of the four sound parameters, the PD of the calls from Ly Son is
remarkably different from that the mainland of Vietnam and Malaysia (Table 2). It is also
remarkable that Fi and Ft of the Malaysian bat also differ remarkably from those of
Vietnamese origin in both mainland and island ecosystems. The above difference would
be explained by different recording situations and habitats or intraspecific variations. The
calls described in previous publications were recorded in hand-released situations [20, 21].
The calls from Ly Son were recorded when a bat was foraging in natural habitats (Figure 4).
On the other hand, as mentioned above, M. muricola is a species complex and the
echolocation parameters could be diagnostic of cryptic taxa.

Cynopterus sphinx and M. muricola are not listed in the current Red Data Book of
Vietnam. They are regarded as widespread and common species and listed as “Least
Concern” in the current [IUCN Red List of Threatened Species [22, 23]. Cynopterus
sphinx has been recorded from different habitats ranging from urban and rural landscapes
to secondary and primary forests in almost all provinces of the country [14, 24]. Within
the Ly Son archipelago, this species was also commonly recorded at every study site,
including gardens and plantation areas.
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Myotis muricola was rarely recorded over the surveys in Ly Son island. Several
previous publications contain unclear records of this species from Vietnam. It was
included in a distributional map that covers the whole of Vietnam [25]. The first records
of this species were confirmed from Vietnam based on an examination of 6 specimens
from Pu Mat National Park [19]. The species is currently regarded as a widespread and
common species in Vietnam and throughout its known distributional range in Southeast
Asia [2, 3, 14, 23, 24, 26, 27]. Within the Ly Son archipelago, this species was only
detected and captured in the remaining natural vegetation in a small colony.

3. Conclusions

Ly Son archipelago is home to at least two bat species, belonging to two genera, and
two families: C. sphinx and M. muricola. Among the two recorded species, C. sphinx was
very common while M. muricola was uncommon in the archipelago. Morphological
characteristics of the captured bats of C. sphinx and M. muricola are almost similar to
previous descriptions from other areas of respective species. Echolocation calls of M.
muricola is different from those in previous publications.
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