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Abstract
The lack of morphological differentiation among chiropteran species and cryptic speciation impedes
species identi�cation. So, DNA-based approaches boost species identi�cation and are increasing
biological diversity. Rhyneptesicus nasutus (Sind Serotine Bat) is a rarely distributed and poorly studied
species in Pakistan. This study explores the range extension of Sind bat within the territorial limits of
Pakistan from Sind and Baluchistan to Federally Administered Areas (FATA) of Pakistan. No molecular
record exists for the species in Pakistan. In the present study, we for the �rst time present the data to
con�rm the species identi�cation by genetic marker (cytochrome b) along with morphometric analysis of
Rhyneptesicus nasutus from Pakistan. The neighbor-joining tree based on Kimura-2 parameters was
created to infer the phylogenetic analyses. We sequenced the cytochrome b gene segment and conducted
a phylogenetic analysis with previously published data from other countries. Sequences from Pakistan
made a clade with Iranian Rhyneptesicus nasutus species suggesting a common ancestry. Various
morphometric parameters (mean values) were measured like Head and Body length (44.3mm), Tail length
(43.4mm), Hindfoot length (8.3mm), Forearm length (35.7mm), and Ear length 36mm while 5th
Metacarpal Length, 4th Metacarpal Length, and 3rd Metacarpal Lengths were 33.2mm, 34.7mm, 35.3mm.
Approaches based on DNA barcoding reveals high diversity of bat species in the study area. The data will
enable researchers to build an improved evolutionary landscape of the Serotine bats from this region and
subsequently reconstruct a detailed evolutionary history of the genus. Further research is required to test
other molecular markers to support the �ndings of the current study in Pakistan.

Introduction:
More than 100 million different species inhabit our planet of which only a few, about 1.5 million have
been characterized [1]. Bats comprise roughly 20% of the mammalian diversity with around 1400 species
discovered worldwide [2]. Bats being the 2nd most diverse group of mammals are essential to the
ecological health of any ecosystem, by playing a vital role not only in several predator-prey relationships
but also in the dispersal of seeds, plant pollination, and nutrients distribution/recycling.

Moreover, bats have a great impact on humans as well where bats are involved with insects and pest
management. Bats feast on a number of insects that damage crops and are serious forest pests. An
analysis from a study of North American insectivore bats highlighted that a loss of bats in that region
leads to an annual agricultural loss of more than $3.7 billion. Bats are hunted for their bushmeat and
medicine, are praised for their aesthetics (bat watching tourism), and are studied for educational and
research purposes. However, it is of note that few species are themselves pests, impacting livestock and
agriculture sector, damage buildings, and are potential reservoirs of many infectious agents [3, 4].

Bats are extremely biodiverse, however, due to the cryptic speciation, this component of biodiversity is
usually neglected. Furthermore, the exact characterization of any species is imperative for conservative
efforts to conserve their vital ecological role [5]. Recent advancements in better interpretation of
molecular biology data (superior phylogenetic reconstructions) have paved the way for the identi�cation
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of these cryptic species. Moreover, combining these techniques with modern approaches that explore
“acoustic” has vastly expanded the number of the identi�ed bat species. [6] [7].

Rhyneptesicus nasutus is present in Saudi Arabia, the Islamic Republic of Iran, Afghanistan, Iraq, Oman,
Yemen, and Pakistan [8]. Interestingly, this species has probably never been abundant throughout its
relatively restricted geographical range [9]. Furthermore, the species is rare and locally distributed in
Pakistan where it has been reported from Kharan and Rajbar – Baluchistan, and Shikarpur – Sindh [10].
R. nasutus is known as the ‘Sind Serotine’ bat and its status is designated as “Least Concern” by IUCN
[11].

Modern molecular techniques also suggest that in Southeast Asia the number of bat species is double
the currently described species. In areas of high endemism and hotspots of biodiversity, the cryptic
species are more prevalent as such areas are considered to have a high potential of speciation [12].Other
than the cytochrome b gene, 16S rRNA and 12S rRNA could also be used for species identi�cation, but
the cytochrome b gene has been used for the last two decades for animal identi�cation and
differentiation among closely related taxa. Cytochrome b gene shows a high polymorphism that is why it
is used for species identi�cation [13, 14].

Hence, the current study was designed for species identi�cation, genetic differentiation, and phylogenetic
analysis of Rhyneptesicus nasutus from Pakistan by using the mtDNA cytochrome b region from
chiropteran taxon, Bajaur Agency, FATA region of Pakistan.

Materials And Methods:
Sampling

The bat samples were captured from the FATA region  , 32.6675° N, 69.8597° E, comprising a total area of
27,220 km² of Pakistan (Table 2 & Fig. 3). The roost sites of the bat were found in cervices and holes in
buildings and caves. The information about the roosts of the bats was also collected from the nomads.
The mist nets of different categories and different lengths (5m, 8m, 11m) were used for bats collections.
The mist nets were applied mostly before the time of the evening. The nets were applied on water bodies
and the narrow ways where the bats were more in number. The sampling was extending from June 2016
to August 2018. During the time frame of sampling, all the potential roosting sites were searched
thoroughly to collect the sample.

Sample Preservation & Measurements

During sampling 215 bats samples belonging to different genera (Genus Pipistrellus, Genus scotophillus,
Genus Rhinopoma, Genus Rousettus, Genus Myotis, and Genus Rhinolophus) were captured. Samples
belonging to Rhyneptesicus nasutus species were 06. Various morphometric measurements were noted
in table 1. Some samples (n = 2) were preserved in 70% ethanol for molecular analysis. Bats were
euthanized by placing a bat in an airtight zipper bag followed by the placement of an Iso�urane (3–5 ml)
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soaked cotton ball in the bag. This was closed for 40 minutes and it was ensured that the bat was not
alive. The comparative observational analyses were performed with Bates and Harrison [9, 15].

DNA Extraction and Ampli�cation of Cytochrome b Gene

Genomic DNA was extracted from ethanol (70%) preserved specimens (wing tissue i.e., 10 µg) at Post
Graduate Lab, Institute of Biochemistry and Biotechnology (IBBt), University of Veterinary and Animal
Sciences, Lahore, Pakistan, by standard phenol-chloroform extraction method [16]. Fragments of mtDNA
were ampli�ed using a set of primers described by Kocher 1989 forward primer 5-
CCATCCAACATCTCAGCATGATGAAA-3 and reverse primer 3-CCCTCAGAATGATATTTGTCCTCA-5 [17].

For PCR reaction a volume of 25 µL was used as a reaction mixture under conditions: initial denaturation
at 95 C° for 4 minutes, 30-second denaturation at 94 C°, annealing at 59 C° for 30 seconds, 72 C° for 30
seconds for extension, and 72 C° for 10 minutes for a �nal extension. PCR products were identi�ed using
1.5 % agarose gel and positive samples were puri�ed by ethanol for DNA sequencing using ABI PRISM
Genetic Analyzer 3130 xl. [18].

Sequence Alignment and Analysis

Chromas software was used to analyze Cytochrome b gene sequences [19], BLASTn software available
on NCBI was used to align the sequences of cytochrome b for species con�rmation by molecular
analysis. Single Nucleotide Polymorphisms (SNPs) were detected from aligned sequences and
consensus sequences, and haplotypes were constructed. For molecular phylogenetic analysis, MEGA X
software was used [20]. Newly obtained DNA sequences were submitted to GenBank for Accession
numbers MT674673 and MW842644.

Results:
The main objective of the study was to explore the bat diversity in the study region of FATA, Pakistan, and
use the cytochrome b gene as a marker for species con�rmation. Bats have cryptic speciation so
morphological discrimination makes the taxonomic identi�cation a di�cult process. A small fragment of
wing tissue yielded enough DNA and subsequently for molecular studies. PCR ampli�cation of
cytochrome b gene by speci�c primers produced a single amplicon with 1% agarose gel. These PCR
products of R. nasutus from Bajaur Agency, FATA, Pakistan, were got sequenced. These sequences were
submitted to NCBI GenBank for accession numbers MT674673 and MW842644. On NCBI, the query
sequences were aligned and compared with already published sequences of Rhyneptesicus species by
BLASTn.

During the study, DNA sequences of chiropteran species representing Rhyneptesicus (formally known as
Eptesicus) genera and the Vespertilionidae family were obtained. These DNA sequences have shown
reliable and clear species identi�cations. Recently, DNA barcoding studies of Asian bats have been
carried out and sequences of related species were available at NCBI. Closely related DNA sequences of
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cytochrome b were retrieved from public databases in blast searches. The neighbor-joining tree based on
Kimura 2-parameter distance is shown in Fig. 2, where the query sequences are making a clade with
Iranian Rhyneptesicus species, while the species from other regions like Oman, Yemen, China, Germany
and Patagonia are not as close to Rhyneptesicus species reported from Pakistan. It suggests that these
Rhyneptesicus species have evolved independently from the Iranian and Pakistani species.

The sequence results of the query sample were run in BLASTn, the percentage identity was 95.13 % with
Rhyneptesicus nasutus (FJ841981) and 100 % query coverage, and this specimen is reported from
Dehbarez, Hormozgan, Iran. Against our query sequence, gene sequences were retrieved from GenBank,
used in subsequent phylogenetic analyses. Ambiguous sequences were trimmed. MEGA X was used for
phylogenetic analysis by the Neighbor-joining method with Bootstrap values of 500 replicated. A
common vampire bat (Desmodus rotundus) was used as an outgroup (Fig. 2). The accession number
assigned by GenBank are MT674673 and MW842644 for Rhyneptesicus nasutus species from Pakistan
reported by the current study in range extension and molecular con�rmation by cytochrome b gene.

Phylogenetic divergence is shown in Table 3 among Rhyneptesicus species from different regions of the
world. The genetic divergence (p distance) among various Rhyneptesicus species reported from various
regions of the world shows a minimum value of 0.000-0.087. The p distance value among the Pakistani
Rhyneptesicus species and others published from various parts of the world showed genetic
differentiation among them suggesting that they have evolved independently from one another.

Rhyneptesicus have a relatively long tail which is subequal to the head and body length. Forearm length
averages 36. l mm (35.4–36.9 mm). The muzzle is broad and �at with prominent nearly naked pararhinal
glandular swellings. The ears are small with narrowly rounded tips: the tragus of each is well developed.
About half the height of the pinna. The pelage is buffy brown on the dorsal surface and paler on the
ventral surface. The hair tips and bases are uniformly colored. The interfemoral and wing membranes
ears and naked areas of the face are mid-brown, distinctly darker than the pelage (Table 1).

The skull is smaller than that of E. bottae with an average condylo-canine length of 12.0 mm (11.7–12.2
mm). The braincase is relatively small and �attened in lateral view as compared to that of Eptesicus
bottae. The sagittal crest is absent, and the lambdoid crests are low but distinct. The slightly convex
supraoccipital forms the most posterior part of the skull. The postorbital constriction is narrow, and the
supraorbital ridges are well developed. The zygomatic arches are delicate and without dorsal projections:
they are widely �ared anteriorly and posteriorly. The palate is short and broad. The tympanic bullae are
relatively large and exceed the breadth of the basioccipital. The coronoid process of each half mandible
does not greatly exceed the condyle in height: in consequence the posterior border of the coronoid
declines more gently than that of Eptesicus bottae.

Upper tooth row length (c-m3) averages 4.6 mm (4.4–4.8 mm). The �rst upper incisor (i2) is without a
secondary cusp. The second incisor (i3) is relatively well developed, attaining half the height of i2. The
upper premolar (pm4) is relatively small; its crown area slightly exceeds half that of m1; in Eptesicus
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bottae, it is more than three-quarters, m3 is about half the crown area of m2 and with three well-developed
commissures. The �rst lower premolar (pm2) is relatively small; it is crowded between the canine and the
second premolar (pm4), m1 and m2 are subequal in size, m3 has the talonid only slightly reduced. In
Baluchistan, it was collected at 1108 meters (3600 feet) at the junction of Razhai & Sichk Rivers (BMNH).
In Iran, it was reportedly common in the town of Ahwaz (at an altitude of 68 meters: 220 feet) (BMNH). In
Oman, it was found secreted in the walls of ruined buildings, isolated in semi-desert terrain (Harrison and
Bates, 1991). In Afghanistan, three female specimens were collected at Lindberg's Cave, 25 miles north of
Jalalabad: a further 23 specimens of both sexes were collected at an altitude of 738 meters (2400 feet)
miles north of Jalalabad and a single female specimen from 862 meters (2800 feet) at Laghman.

Discussion:
Bats are a very poorly studied group of mammals in Pakistan. In the current study, we studied bats of
Bajaur Agency, FATA region of Pakistan. The genetic identi�cation and phylogenetic analysis are an
obscured issue in chiropteran taxonomy as no molecular record for bats is available in Pakistan. This is
the �rst attempt to describe the genetics of Rhyneptesicus nasutus from Pakistan. The study area is a
hilly area which is not easily modi�ed as compared to plain areas for construction activities that is why
these �ying creatures i.e., bats are surviving in these areas easily. Due to the non-availability of taxonomic
position and data about the genus Rhyneptesicus, the data we collected during this work leads us to draw
any conclusions about this genus. We captured different bats species from the study area. But here we
just presented the Rhyneptesicus nasutus species. The previous records of Rhyneptesicus nasutus: Sind
Serotine bat Vesperugo (Vesperus) nasutus (Dobson, 1877: 311) has been reported from Shikarpur, Sind,
Pakistan and according to Blanford, 1888-91 type locality should be a little east of Rohri' [21] but the
recent record from Bajaur agency FATA, Pakistan highlights the range extension of Sindh bat as this bat
species has not been reported by anyone from this area. This report of Rhyneptesicus from Bajaur
Agency might be by its migration from Afghanistan area or it may be local resident in Bajaur. Here, we will
also highlight the difference in weather conditions of Bajaur Agency which is the hilly area while the
Shikarpur, Sind, is a plain area where it was reported by Blanford, 1888-91. It also suggests that a detailed
study on the comparison of ecological aspects should be conducted for further conservation action plans
of this species.

No complete record for bats in Pakistan is available right now. Currently, some people are involving in
research work about taxonomic and phylogenetic studies of bats. In the future, hopefully, enough data
will be available to cover the exact taxonomic positions of various bat species from Pakistan. Juste et al.
(2013) reassigned this taxon to the genus Rhyneptesicus Bianchi, 1917 based on molecular
phylogenetics [8]. Four subspecies – R. n. nasutus (Southwest Pakistan, Afghanistan, and Southeast
Iran), R. n. matschiei (Southwest Arabia), R. n. pellucens (Iran and Iraq), and R. n. batinensis (Eastern
Arabia including Oman and Saudi Arabia), are recognized [8, 22].

Genetic markers like mtDNA and nuDNA describe a geographic and genetic relatedness for discontinuous
distribution of the genus Rhyneptesicus. The taxonomic reconstruction of nasutus samples from Iran
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which are close to Pakistan validates the subspecies recognition [8] hence this study also con�rms its
presence by range extension and validation by molecular marker (cytochrome b gene). Current molecular
investigations have placed Eptesicus in tribe Nycticeini, separating it from pipistrelles [23]. For
phylogenetic reconstruction, Genbank Accession Numbers of Rhyneptesicus species belonging to Iran
were retrieved (FJ841981, FJ841980, EU786840, EU786839), from Oman (KF019042, KF019043,
KF019044, KF019041, KF019040), from Yemen (KF019057, KF019056), from Germany (AF376836), from
China (MG570068, EU786841), from Laos (EU786849) and from Patagonia (MK429705, MK429702,
MK429700). While a vampire bat species Desmodus routundus (KU938397) was used as an outgroup in
this phylogenetic reconstruction. The genetic divergence of these Rhyneptesicus species is given in table
3.

The genus Rhyneptesicus has a worldwide distribution and high diversity, and hence represents a tangled
taxonomic puzzle among mammals. The status of this species is Least Concern as it has a widespread
distribution and shows tolerance for modi�ed habitats. So, it is unlikely to decline fast enough to
categorize it as a threatened taxon. The distribution record of Rhyneptesicus nasutus is wide and patchy.
It has been reported from Arabian Peninsula to western South Asia, recorded from Oman, Saudi Arabia,
Yemen, United Arab Emirates (UAE), Qatar, Kuwait, southeastern Iran, and southern Iraq. From South Asia,
it has been reported from Afghanistan and Pakistan, but from the territorial boundary of Pakistan, it is
just reported from Baluchistan and Sind [9, 24, 25]. However, the new record for range extension of
Rhyneptesicus nasutus is reported from Bajaur Agency, FATA, Pakistan.

The distributional record of Rhyneptesicus nasutus in Baluchistan (Seistan) is more or less continuous
while in Afghanistan (Jalalabad valley) its occurrence is 700–800 km away to the nearest record of
central Pakistan [9]. The distributional range of the Eptesicus is variable in different geographical areas
depicts its adaptability to different geographically climatic ranges. Conversely, in the Middle East, the
occurrence of Rhyneptesicus nasutus has been reported in a mosaic of isolated patches as compared to
in a continuous belt [26, 27], this might be the case for its distributional range (Province Sindh and
Baluchistan and then in the mountainous area of Bajaur Agency) in Pakistan distribution in central
Pakistan represents another such patch; Bates & Harrison (1997) summarized three records from central
Baluchistan (Kharan, Rajbar, a junction of the Razhai and Sichk rivers; [9, 28], one from northern Sindh
(near Rohri; (Blanford, 1898) and current study explores the identi�cation and the range extension to
northern Pakistan. Where an extensive survey should be conducted to explore more roost sites and
population dynamics of Rhyneptesicus.

It is summarized that the effects of climate change on the range extension of Rhyneptesicus may be
primarily determined by the weather consequences on the habitat requirements and physiological
tolerances of the species under study. Here, in the case of Rhyneptesicus nasutus evolution in
ecologically different environment of Bajaur Agency, Pakistan may be due to variable environmental
conditions as compared to its prior occurrence in other regions of the country, i.e., Baluchistan and Sind
province. The data obtained during this study is very signi�cant as no record about phylogenetic analysis
of bats is available in Pakistan.
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This study describes the comparison of cytochrome b sequences for Rhyneptesicus species from
Pakistan, Iran, Oman, Germany, Laos, Yemen, China, and Patagonia to access the genetic divergence and
evolutionary analysis among these localities of the world. The distribution and divergence in different
parts of the world suggest that Rhyneptesicus species have evolved and spread in various localities as
suggested by bootstrap values of more than 60 %. The close cladistic relationship of Pakistani and
Iranian Rhyneptesicus specimens suggests that they share a common ancestry as compared to the
others reported from the world. No data of cytochrome b from the Afghanistan region is available so we
can not infer any cladistic relationship of Pakistani Rhyneptesicus specimens with Afghanistan’s
specimens.

Bat populations appear to be declining presumably in response to human-induced environmental
stresses like habitat destruction and fragmentation, disturbance to caves, depletion of food resources,
overhunting for bushmeat and persecution, increased use of pesticides, infectious disease, and wind
energy turbines. As bats are among the most overlooked despite their economical and ecological
importance, their conservation is mandatory. An extensive study is recommended to explore the
distribution range and highlight the signi�cance of bats throughout the territorial limits of Pakistan.

Conclusion
Sindh bat has a limited geographic range. The distributional range of this species is not thoroughly
explored within the territorial limits of Pakistan. In Pakistan, it has only been reported from Sindh and
Baluchistan. The present record of range extension of Rhyneptesicus nasutus is reported for the �rst time
from the FATA region of Pakistan-based both morphological characteristic and genetic analyses
(cytochrome b). An extensive study with other molecular markers is recommended throughout the country
so that the �ndings of the current study may be supported.
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Body Parameters

 

                                   Species understudy

Mean Sind Serotine Bat (Rhyneptesicus nasutus)

                                              Range (mm)

Head and Body length 44.3 40.0-46.0

Tail length 43.4 38.0-46.0

Hindfoot length 7.3 7.0-8.0

Forearm length 35.7 35.4-36.9

5th Metacarpal Length 33.2 31.7-34.4

4th Metacarpal Length 34.7 33.7-35.7

3rd Metacarpal Length 35.3 34.1-36.6

Ear length (EL) 13.2 12.5-14.0

Greatest Length of Skull (GTL) 13.1 12.8-13.4

Condylo-canine Length (CCL) 12.0 11.7-12.2

Zygomatic Breadth (ZB) 8.6 8.4-8.8

Breadth of the Braincase (BB) 6.2 6.2-6.3

Posteriorbital Constriction (PC) 3.0 2.9-3.1

Maxillary Toothrow (CM3) 4.6 4.4-4.8

Mandibular Toothrow (CM3) 5.0 4.8-5.1

Mandible Length (M) 9.3 8.6-9.6

maxillary width at M3(M3-M3) 5.8 5.6-5.9

Tables 2 and 3 are not available with this version.

Figures
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Figure 1

Morphological characteristics of Sindh Bat (Rhyneptesicus nasutus) from Bajaur Agency, FATA, Pakistan.
A & B external morphology, C=lateral view of skull D= dorsal view of skull of Eptesicus nasutus.

Figure 2

Phylogenetic reconstruction of Rhyneptesicus nasutus from FATA, Pakistan, where the samples from
Pakistan are highlighted. Numbers at each node represent the bootstrap cutoff value.
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Figure 3

The study area of Bajaur Agency, FATA, Pakistan depicting the chiropteran diversity and distribution.


