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Abstract: Bacular studies play a significant role in the case of bats and other mammals since it is considered an important taxon-specific
character, thus helping in species discrimination. Structure of the baculum (os penis) also aids in examining and understanding cryptic
diversity in bats. The baculum has been used in taxonomic studies of bats but such studies for Indian bats are few and far between. It was
felt necessary to put together a comprehensive document depicting the bacular morphology of bats in India so as to be helpful for future
bat studies. The penises of the bats were excised, treated with KOH, and then dyed with alizarin red to extract the bacula. The extracted
bacula were measured using an oculometer, photographed, and preserved in glycerol. Of the total of 47 species of bats (belonging to nine
families) collected and studied during the past decade, we present the bacular morphology of 44 species from peninsular India, Andaman
Islands, and Jammu and Kashmir. Bacular morphology of eight taxa, namely, Eonycteris spelaea, Rhinolophus pusillus, R. lepidus monticola,
R. cognatus, Hipposideros cf. grandis, Myotis peytoni, M. horsfieldii dryas, and M. longipes are presented here for the first time from India.
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Review of the bacular morphology of some Indian bats

INTRODUCTION

Thomas (1915), for the first time, named the os penis
or the penis bone “baculum” (Hill & Harrison 1987), and
put to use the study of the baculum in the taxonomy of
bats and rodents. The baculum varies between species
and is morphologically diverse both in terms of shape
and size (Chaine 1925; Hamilton 1946; Eadie 1947; Burt
1960; Patterson & Thaeler 1982; Romer & Parsons 1986;
Dixson 1995; Weimann et al. 2014). It was thought
to be found only in certain mammalian groups such
as Afrosoricida, Carnivora, Chiroptera, Dermoptera,
Erinaceomorpha, Primates, Rodentia, and Soricomorpha
(Martin 2007; Perrin et al. 2009; Schultz et al. 2016).
Recently, the presence of baculum has been discovered
in the Lagomorph species Ochotona princeps (Weimann
etal. 2014), corroborating earlier findings of the baculum
in O. pusilla by Aksenova & Smirnov (1986) and Erbajeva
etal.(2011). These studies show that the baculum might
be present in many more taxa than is presently known,
however, a baculum is not present in all the species of
certain orders, namely Carnivora, Chiroptera, Primates,
and Rodentia and is vestigial or absent in felids (Didier
1949; Romer & Parsons 1986; Williams-Ashman 1990;
Lariviere & Ferguson 2002; Brindle & Ophie 2016).

After Thomas’s (1915) pioneering work, many
studies described the bacular structure of bats, amongst
which some major ones include that of Davis (1947),
Hamilton (1949), Krutzsch & Vaughan (1955), Topal
(1958), Krutzsch (1959, 1962), Lanza (1959, 1960,
1963, 1970), Didier (1964), Corbet (1964), Brown
(1967), Brown et al. (1971), Wassif & Madkour (1972),
Wassif et al. (1984), Hill & Harrison (1987), Kitchener
& Maharadatunkamsi (1991), Kruskop & Lavrenchenko
(2000), Albayrak & Asan (2001), Benda et al. (2004,
2011), and Rakotondramanana & Goodman (2017).

In India, some of the studies on bacular morphology
of bats include those of Bhatnagar (1967), Agrawal &
Sinha (1973), Topal (1975), Sinha (1976, 1983), Khajuria
(1979, 1980, 1982), Srinivasulu et al. (2010, 2014,
2015, 2018), Kaur et al. (2014, 2017), and Srinivasulu &
Srinivasulu (2018).

Bacular morphology is used as a discriminating
character for differentiating between different species
of bats (Herdina 2014). Studies on the bacular structure
of different species of bats have shown the presence
of cryptic species among morphologically similar taxa
(Krutzsch & Vaughan 1955; Krutzsch 1959; Heller &
Volleth 1984; Kitchener et al. 1986; Hill & Harrison
1987; Strelkov 1989; Bates et al. 2006, 2015; Kruskop &
Borisenko 2013; Kaur et al. 2014; Goodman et al. 2015;
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Kruskop 2015; Srinivasulu & Srinivasulu 2018).

India is home to 128 species of bats (Srinivasulu et
al. 2020), of which during the last decade we studied 47
species of bats belonging to nine families from peninsular
India, Andaman Islands, and Jammu & Kashmir. A
comprehensive document on the bacula of bats of India
is lacking, hence the present work was planned to fill
this lacuna. This work is intended to help as reference
material for future bat workers in the region. In this
paper, we provide the bacular morphology of 44 species
of bats principally found in the Indian subcontinent.

MATERIALS AND METHODS

Male individuals of bats were collected from different
parts of Telangana State, Karnataka, Kerala, Tamil Nadu,
Maharashtra, Madhya Pradesh, Jammu & Kashmir,
Rajasthan and the Andaman Islands after obtaining
permissions from the respective forest departments over
the last 10 years. Captured bats were handled in strict
accordance with good animal practices and according
to guidelines of the American Society of Mammalogists
(Sikes 2016). Bats were identified following Bates &
Harrison (1997) and Srinivasulu et al. (2010). Common
names of the species are after Srinivasulu (2018). The
voucher specimens were preserved and deposited in
the Natural History Museum of Osmania University,
Hyderabad, India. From the voucher specimens, the
penis was excised and the baculum was extracted
following methods outlined by Topal (1958) and Hill
& Harrison (1987). The extracted bacula were stained
with alizarin red and photographed using a camera
mounted on a trinocular microscope. Where possible,
photographs of the dorsal, lateral, and ventral aspects
of each baculum were taken. The total length of the
baculum starting from the basal lobes to the tip of the
baculum and breadth of the base of the baculum (where
possible) were measured using an oculometer. The
stained bacula were then preserved in vials with 100%
glycerol.

RESULTS AND DISCUSSION

A total of 47 species of bats belonging to nine
families were studied (Table 1). Of these, two species,
Miniopterus fuliginosus and M. pusillus, lack bacula. The
bacular structure of Hipposideros diadema masoni could
not be studied as it is known in India based only on a
single female specimen (Srinivasulu et al. 2016).
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Table 1. Diversity of bat species studied on mainland India and the Andaman Islands.

Srinivasulu et al.

Scientific name

Common name

Scientific name

Common name

Family Pteropodidae

Hipposideros durgadasi

Durga Das’s Roundleaf Bat

Rousettus leschenaultii

Leschenault’s Rousette

Hipposideros fulvus

Fulvus Roundleaf Bat

Pteropus medius

Indian Flying Fox

Hipposideros pomona

Pomona Roundleaf Bat

Pteropus hypomelanus

Variable Flying Fox

Hipposideros gentilis

Andersen’s Roundleaf Bat

Pteropus melanotus

Black-eared Flying Fox

Hipposideros hypophyllus

Kolar Roundleaf Bat

Cynopterus sphinx

Greater Short-nosed Fruit Bat

Hipposideros galeritus

Cantor's Roundleaf Bat

Cynopterus brachyotis

Lesser Short-nosed Fruit Bat

Hipposideros speoris

Schneider's Roundleaf Bat

Eonycteris spelaea

Lesser Dawn Bat

Hipposideros cf. grandis

Grand Roundleaf Bat

Family Rhinopomatidae

Hipposideros lankadiva

Kelaart’s Roundleaf Bat

Rhinopoma hardwickii

Lesser Mouse-tailed Bat

Hipposideros diadema masoni

Diadem Roundleaf Bat

Rhinopoma microphyllum

Greater Mouse-tailed Bat

Family Molossidae

Family Emballonuridae

Tadarida aegyptiaca

Egyptian Free-tailed Bat

Taphozous longimanus

Long-winged Tomb Bat

Family Vespertilionidae

Taphozous melanopogon Black-bearded Tomb Bat Myotis blythii Lesser Myotis
Taphozous nudiventris Naked-rumped Tomb Bat Myotis peytoni Peyton’s Whiskered Myotis
Family Megadermatidae Myotis longipes Kashmir Cave Myotis

Lyroderma lyra

Greater False Vampire Bat

Myotis horsfieldii dryas

Andaman Myotis

Megaderma spasma

Lesser False Vampire Bat

Scotophilus heathii

Asiatic Greater Yellow House Bat

Family Rhinolophidae

Scotophilus kuhlii

Asiatic Lesser Yellow House Bat

Rhinolophus ferrumequinum

Greater Horseshoe Bat

Tylonycteris malayana eremtaga

Andaman Greater Bamboo Bat

Rhinolophus andamanensis

Homfray’s Horseshoe Bat

Pipistrellus javanicus camortae

Camorta Pipistrelle

Rhinolophus rouxii

Rufous Horseshoe Bat

Pipistrellus coromandra

Indian Pipistrelle

Rhinolophus pusillus

Least Horseshoe Bat

Pipistrellus tenuis

Least Pipistrelle

Rhinolophus lepidus

Blyth's Horseshoe Bat

Pipistrellus ceylonicus

Kelaart’s Pipistrelle

Rhinolophus lepidus monticola

Montane Horseshoe Bat

Hesperoptenus tickelli

Tickell’s Bat

Rhinolophus cognatus

Andaman Horseshoe Bat

Family Miniopteridae

Rhinolophus beddomei

Lesser Woolly Horseshoe Bat

Miniopterus fuliginosus

Eastern Long-fingered Bat

Family Hipposideridae

Miniopterus pusillus

Small Long-fingered Bat

Hipposideros ater

Dusky Roundleaf Bat

Family Pteropodidae Gray, 1821
The bacula of seven out of 12 species of fruit bats in
India are reported here.

1. Rousettus leschenaultii
Leschenault’s Rousette (Image 1.1)

Material examined: NHM.OU.CHI.65d.2015, male,
collected from Golconda fort (17.382N and 78.401E),
Hyderabad, Telangana State, by C. Srinivasulu and Tariq
A. Shah on 27.ix.2015.

The baculum is medium-sized (2.7mm long; 1.1mm
broad), flat, and more or less dumb-bell shaped. The
proximal end is round and broad. The apical end has
two swellings and is equally as broad as the proximal
end. Both the apical and the proximal regions of the

(Desmarest, 1820)

baculum look raised in the lateral view. The shaft of the
baculum is broad and parallel-sided.

Variations: The shape of the baculum reported here
from a specimen from the Golconda fort, Telangana
State, differs from that described by Agrawal & Sinha
(1973) from Satara, Maharashtra. The baculum of the
Telangana specimen is broad with both the apical and
proximal ends being equally broad. The baculum from
Maharashtra (Agrawal & Sinha 1973; Sinha 1976) has an
oval-shaped larger base and the shaft narrows toward
the distal end, which is smaller than the base.

2. Pteropus medius Temminck, 1825 Indian Flying
Fox (Image 1.11)
Material

examined: NHM.OU.CHI.21.2012,
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male, collected from Osmania University (17.422N
and 78.530E), Hyderabad, Telangana State by M.
Seetharamaraju on 15.ii.2012.

The baculum is medium-sized (2.7mm long, 2.7mm
wide), flat, and rectangular. No difference in the dorsal
or the ventral surface was observed. The distal end is
broad and has a median projection, while the proximal
ends are situated apart from each other. Laterally, the
baculum has a straight profile.

Variations: The structure of this baculum reported
here from a specimen from Osmania University,
Hyderabad, Telangana State, differs slightly from that
of specimens from Lucknow, Uttar Pradesh and Imphal,
Manipur as described by Agrawal & Sinha (1973) and
from specimens from Nasirabad and Jodhpur, Rajasthan
(Sinha 1976). The baculum in adults is semicircular,
and the proximal ends are situated close to each other
giving a more rounded appearance with a heart-shaped
concavity in the middle. The shape of the baculum in
sexually immature individuals has an inverted U-shape
with the proximal ends situated far apart from each
other (Agrawal & Sinha 1973). The shape of the baculum
that was observed by us in our specimen from Telangana
with proximal ends situated far apart shows that this is
probably a sexually immature specimen.

3. Pteropus hypomelanus Temminck, 1853 Variable
Flying Fox (Image 1.1I)

Material examined: NHM.OU.CHI.133.2014, male,
collected from Bahadur Nala (12.071N and 92.741E),
near Baratang Island, North & Middle Andaman District,
Andaman & Nicobar Islands, by Bhargavi Srinivasulu and
C. Srinivasulu on 21.xi.2014.

The baculum is very large (10.0mm long) with a wide,
apical portion tapering to a narrower proximal portion.
Dorsally, the proximal ends touch each other and have
slight swellings resulting in a small concavity at the
point of contact. The arms enclose a space that is broad
apically and narrowly rounded off proximally. Ventrally,
at the base, a concavity is seen.

Variations: The general shape of the baculum
reported here from a specimen from Bahadur Nala,
South Andaman, Andaman Islands is similar to that
described by Lanza (1970) of the nominate form from
Ternate Island, Indonesia, although in his description, the
proximal ends are almost but not completely touching.

4. Pteropus melanotus Blyth, 1863 Black-eared
Flying Fox (Image 1.1V)

Material examined: NHM.OU.CHI.192.2015, male,
collected from Rutland Island (11.395N and 92.561E),
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South Andaman District, Andaman & Nicobar Islands, by
Asad Gopi and Tauseef Hamid Dar, on 16.xii.2015.

The baculum is very large (9.0mm long), robust, and
roughly rectangular with a broad base (6.0mm). The
apical portion is broader than the proximal portion with
a cavity in the centre which is broad at the apical portion
and narrows down to a pointed tip toward the proximal
portion. The baculum is concave on the ventral surface.

Remarks: The structure of the baculum of a
specimen from Rutland Island, South Andaman, matches
the description by Lanza (1970) of that of Pteropus
melanotus tytleri from the Andaman Islands.

5. Cynopterus sphinx (Vahl, 1797) Greater Short-
nosed Fruit Bat (Image 1.V)

Material examined: NHM.OU.CHI.10.2012,
male, collected from Osmania University (17.422N
and 78.530E), Hyderabad, Telangana State, by P.
Venkateswarlu, on 02.ii.2012.

The baculum is short (2.0mm long, 1.3mm wide).
The base of the baculum is high and broad (1.3mm) and
has well-developed shoulders that join medially, into a
tall and narrow shaft ending with a narrowly rounded
tip. The proximal border of the baculum has uneven
edges. The ventral surface of the baculum is concave in
appearance.

Remarks: The structure of the baculum of a specimen
from Osmania University, Hyderabad, Telangana State,
matches the description provided by Bates & Harrison
(1997) of the specimen from Haldwani, Uttarakhand,
India. It slightly differs from that described by Agrawal
& Sinha (1973) from Kolkata, West Bengal, in which the
shaft is short and distal end is bulbous.

6. Cynopterus brachyotis (Miiller, 1838) Lesser
Short-nosed Fruit Bat (Image 1.VI)

Material examined: NHM.OU.CHI.121.2015, male,
collected from Devpur (12.862N and 92.867E), near
Mayabunder, North & Middle Andaman District,
Andaman & Nicobar Islands, by C. Srinivasulu and Aditya
Srinivasulu, on 19.x.2015.

Only the Andaman population of this species was
studied. The baculum is small (1.1mm long). The base is
broad with high shoulders. The base then joins medially
to continue to a broad shaft, which ends with a broadly
rounded tip. The baculum is concave in its ventral
aspect.

Variations: In the Andaman populations, we have
observed variations; in some, the shaft is much shorter
and stouter, and no development of shoulders was
observed. A much more detailed study is needed to
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Image 1. Bacula of selected species belonging to the family Pteropodidae in India: I—Rousettus leschenaultii | Il—Pteropus medius | Ill—
Pteropus hypomelanus | IV—Pteropus melanotus | V—Cynopterus sphinx | VI—Cynopterus brachyotis | VIl—Eonycteris spelaea. (Scale: 1mm).

A—Dorsal view | B—Ventral view | C—Lateral view.
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ascertain the presence of any cryptic species/subspecies
among the island forms.

Remarks: The structure of the baculum of a specimen
from Devpur, near Mayabunder, Middle Andaman,
Andaman lIslands, differs in lacking the two projections
on either side of the base as described by Bates &
Harrison (1997) of specimens from Tamil Nadu, India
and Agrawal & Sinha (1973) from Goa, India. We also
observed that the shaft of the baculum of this species is
broad, and not narrow and tall as in C. sphinx.

7. Eonycteris spelaea (Dobson, 1871) Lesser Dawn
Bat (Image 1.VII)

Material examined: NHM.OU.CHI.41.2012, male,
collected from Baratang Island (12.095N and 92.749E),
North & Middle Andaman District, Andaman & Nicobar
Islands, by Bhargavi Srinivasulu and G. Chethan Kumar,
on 04.vii.2012.

The baculum of Eonycteris spelaea is being reported
for the first time. The baculum of the specimen from
the Baratang Island, Andaman Islands, is medium-sized
(3.2mm long), with a broad base (2.0mm). The base is
slightly notched in the centre on the proximal border.
The distal portion has a short shaft ending with a
rounded-off tip.

Remarks: The baculum structure of Eonycteris
spelaea described in the present work differs greatly
from that described by Krutzsch (1959 & 2005) from
Soka, Bali, Indonesia and from Batu caves, near Kuala
Lumpur, West Malaysia respectively. It is for the first
time that the baculum of this species is described from
India.

Family Rhinopomatidae E. Geoffroy, 1818
The bacula of both species of mouse-tailed bats in
India are reported here.

8. Rhinopoma hardwickii (Gray,
Mouse-tailed Bat (Image 2.1)

Material examined: NHM.OU.CHI.16.2015, male,
collected from Mukta Bhai (20.583N and 79.506E),
Doma, Chimur, Chandrapur District, Maharashtra, by
Tarig A. Shah and G. Devender, on 27.ii.2015.

The baculum is very small (1.0mm long), with a
unique shape. The proximal portion (0.3mm wide) has
two arms which are placed widely from each other. In
between the two arms of the proximal portion, a small
process extends downward, which sometimes gets easily
broken leaving behind a tiny projection that can be seen
on the lateral aspect. The arms of the proximal portion
are broadly rounded off. The shaft of the baculum is

1831) Lesser
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thick and parallel-sided. The shaft starts from the mid-
portion of the base of the baculum and ends with a
broadly rounded tip.

Remarks: The structure of the baculum of the
specimen from Chimur, near Chandrapur, Maharashtra
is slightly similar to that of specimens from Solayan,
Nagaur District, Rajasthan (Sinha 1976). The baculum of
the present specimen differs in having a broad base with
arms extending outward and a shorter parallel-sided
shaft.

9. Rhinopoma microphyllum (Briinnich, 1792)
Greater Mouse-tailed Bat (Image 2.11)

Material examined: NHM.OU.CHI.138h.2015, male,
collected from Juna Mahal (23.826N and 73.714E),
Dungarpur District, Rajasthan, by Tarig A. Shah, on
29.x.2015.

The baculum is very small (0.7mm long) and
triangular. It is concave on the ventral aspect. Two
projections are observed on either side of the base
(0.3mm wide) leading to the formation of a concavity in
the mid-portion of the base of the baculum. The base
extends into a parallel-sided shaft, which narrows in a
rounded-off tip toward the apex. In the lateral aspect,
the baculum shows a straight profile.

Remarks: The baculum of the specimen from Juna
Mahal, Dungarpur, Rajasthan resembles that described
by Sinha (1976) from Jodhpur, Rajasthan. The structure
of the baculum of the specimen from Delhi (Agrawal
& Sinha 1973) differs in structure from that of the
Rajasthan specimens examined during the present study
and also by Sinha (1976). Further studies are needed to
ascertain any cryptic diversity among populations of R.
microphyllum in India.

Family Emballonuridae Gervais, 1855
The bacula of three out of six species of tomb bats in
India are reported here.

10. Taphozous longimanus (Hardwicke, 1825) Long-
winged Tomb Bat (Image 3.1)

Material examined: NHM.OU.CHI.5.2015, male,
collected from Old High Court (21.153N and 79.071E),
Civil Lines, Nagpur, Nagpur District, Maharashtra, by G.
Devender and Tariq A. Shah, on 24.ii.2015.

The baculum is very small (0.4mm long), flat, blunt,
and irregular in shape. The proximal end is broad and
the distal end is somewhat broadly pointed. The distal
end shows a slight concavity on the ventral surface.

Remarks: The baculum structure of the specimen
from Nagpur, Maharashtra, is similar in structure with

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 June 2020 | 12(9): 15985-16005



Review of the bacular morphology of some Indian bats

Image 2. Bacula of species belonging to the family Rhinopomatidae
in India: 1—Rhinopoma hardwickii | Il—Rhinopoma microphyllum
(Scale: 1mm). A—Dorsal view | B—Ventral view | C—Lateral view.

that described by Sinha (1976) from Kota, Rajasthan.

11. Taphozous melanopogon Temminck, 1841 Black-
bearded Tomb Bat (Image 3.11)

Material examined: NHM.OU.CHI.18.2015, male,
collected from Ambai-Nimbai (19.783N and 79.577E),
Chimur, Chandrapur District, Maharashtra, by G.
Devender and Tarig A. Shah, on 27.ii.2015.

The baculum is very small (1.0mm long), with a
slightly broad base and a knob-like tip. No noticeable
difference between the proximal and apical portions is
observed. Additionally, there is no demarcation between
the ventral and dorsal surfaces, as it is cylindrical.

Remarks: The baculum structure of the specimen
from Chimur, Chandrapur, Maharashtra, is similar to that
described by Sinha (1983) from Patna, Bihar. Another
baculum of this species was described from Tennaserim,
Myanmar (=Burma) (Agrawal & Sinha 1973), where
the baculum was also cylindrical and knob-like, similar
to that described by Sinha (1983) and that observed in
the present specimen. The Tennaserim baculum had a
swollen distal end with a crescent-shaped notch at the
tip.

12. Taphozous nudiventris (Cretzschmar, 1830-31)
Naked-rumped Tomb Bat (Image 3.111)
Material examined: NHM.OU.CHI.65f.2015, male,

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 June 2020 | 12(9): 15985-16005

Srinivasulu et al.

collected from Golconda Fort (17.382N and 78.401 E),
Hyderabad, Telangana State, by C. Srinivasulu and Aditya
Srinivasulu, on 27.ix.2015.

The baculum is very small (0.5mm long) and
resembles the shape of a shoe. The base of the baculum
is broader than the apex and continues into a parallel-
sided straight shaft which becomes narrower and
pointed near the apex. In the lateral aspect, a slight
concavity is seen just above the base rendering the
dorsal aspect of the baculum near the base to be slightly
curved to the outside.

Remarks: The baculum structure of the specimen
from the Golconda Fort, Telangana State, differs from
that described by Sinha (1976) from Kota, Rajasthan,
in which the baculum was described to be lingulate in
structure with a narrow and concave base.

Family Megadermatidae H. Allen, 1864
The bacula of both the species of false vampire bats
in India are reported here.

13. Lyroderma lyra E. (Geoffroy, 1810) Greater False
Vampire Bat (Image 4.1)

Material examined: NHM.OU.CHI.12.2014, male,
collected from Naramvarigudem (17.250N and 81.068E),
Bhadradri Kothagudem district, Telangana State, by G.
Devender and K. Krishna Prasad, on 25.i.2014.

The baculum is very small (0.5mm long), with two
semi-curved, concave, small, simple, thin bones that
are arranged beside one another without any medial
attachment inside the penis. One bone has a very
slightly expanded base and narrowly pointed apex, while
the other has a wavy lateral border and has the proximal
and apical portions narrowly rounded off.

Remarks: The bacular structure of the specimen from
Naramvarigudem, Khammam, Telangana State matches
that described by Sinha (1976) from Ranthambore,
Sawai Madhopur, Rajasthan.

14. Megaderma spasma (Linnaeus, 1758) Lesser
False Vampire Bat (Image 4.1I)

Material examined: NHM.OU.CHI.49.2016, male,
collected from 10th Block (11.933N and 75.795E), Forest
Quarters, Aralam Wildlife Sanctuary, Kannur district,
Kerala, by Bhargavi Srinivasulu and G. Devender, on
13.x.2016.

The baculum is small (1.3mm long), and resembles
a tuning fork. The thick base has a bone extending
down from it in the form of a stalk. The shaft is made
of two arms which extend toward the distal end and
have narrowly rounded off tips. The arms converge as
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Image 3. Bacula of selected species belonging to the family
Emballonuridae in India: I—Taphozous longimanus | I|1—Taphozous
melanopogon | Il—Taphozous nudiventris (Scale: 1 & 11l 0.5mm; Il
1mm). A—Dorsal view | B—Ventral view | C—Lateral view.

they reach the apical portion to form a ‘U’ shape. When
observed in the lateral aspect, the baculum shows
concavity on the ventral side.

Remarks: The baculum structure of the specimen
from Aralam Wildlife Sanctuary, Kerala matches that
described by Bates & Harrison (1997) from Pilikutthuwa,
Sri Lanka and Sinha (1983) from India (exact locality not
known).

Family Rhinolophidae Lacépéde, 1799
The bacula of seven out of 19 species of horseshoe
bats in India are reported here.

15. Rhinolophus ferrumequinum (Schreber, 1774)
Greater Horseshoe Bat (Image 5.1)

Material examined: NHM.OU.CHI.27a.2016, male,
collected from Bumzov Cave (33.769N and 75.213E),
Martand, Anantnag District, Jammu and Kashmir, by

15992

Srinivasulu et al.

Image 4. Bacula of species belonging to the family Megadermatidae
in India: I—Lyroderma lyra | l—Megaderma spasma (Scale: 1 0.5mm;
Il imm). A—Dorsal view | B—Ventral view | C—Lateral view.

Tarig A. Shah, on 30.iv.2016.

The baculum is large (4.7mm long), and spindle-
shaped. The base is broad (1.5mm) and has a deep
concavity on the ventral surface. The shaft is thick,
initially near the base it is parallel-sided, a bit further up
it expands into a spindle shape, and later converges into
a narrowly pointed tip.

Remarks: The baculum structure of the specimen
from Bumzov cave, Jammu & Kashmir matches that
described by Topal (1975) from Bumzov cave, Jammu &
Kashmir, and Bates & Harrison (1997) from Abbottabad,
Pakistan.

16. Rhinolophus andamanensis (Dobson, 1872)
Homfray’s Horseshoe Bat (Image 5.11, 5.111)

Materials examined: NHM.OU.CHI.72.2014, male,
collected from Baratang Island (12.095N and 92.749E),
North & Middle Andaman District, Andaman & Nicobar
Islands, by Chelmala Srinivasulu and Asad Gopi, on
15.x.2014; NHM.OU.CHI.31.2012, male, collected
from Baratang Island (12.095N and 92.749E), North &
Middle Andaman District, Andaman & Nicobar Islands,
by Bhargavi Srinivasulu and G. Chethan Kumar, on
04.vii.2012.

The baculum (typical form, Image 5.1l) is medium-
sized (3.1mm long). The base is broad (1.0mm), four-
pronged and has a V-shaped fissure that appears deep
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on the ventral aspect and shallow on the dorsal aspect.
The broad base extends to about 25% of the length of
the baculum and then narrows into a thin parallel-sided
long shaft, which curves slightly near the apical region.

Variation: The second type of baculum (Image 5.111)
has also been observed among individuals of the same
population of this species. The baculum is medium-
sized (2.2mm). The base is small and three-pronged
with a small concavity on the ventral aspect. The base
extends into a thin, long, parallel-sided shaft which ends
in a narrowly rounded off tip. In the lateral aspect, the
shaft shows slight curvature toward the apical region
(Srinivasulu et al. 2019).

Remarks: The structure of the baculum of the
specimen from Baratang Island, Andaman Islands, shows
slight similarity to that described by Sinha (1983) from
North Andaman, Andaman Islands.

17. Rhinolophus rouxii (Temminck, 1835) Rufous
Horseshoe Bat (Image 5.1V)

Material examined: NHM.OU.CHI.15.2017, male,
collected from Karagal Village (14.1897N and 74.8138E),
Shivamogga District, Karnataka, by Bhargavi Srinivasulu
and G. Devender, on 15.v.2017; NHM.OU.CHI.66.2016,
male, collected from Kerala Agriculture University —
Periyar Hostel (10.5502N and 76.27837E), Vellanikkara,
Thrissur District, Kerala, by Bhargavi Srinivasulu and
Tarig A Shah, on 31.x.2016.

The baculum is medium-sized (2.3mm long), with a
long, thin shaft and expanded base. The expanded base
has a deep sulcus on the ventral aspect. The middle
portion of the base has an uneven border and the sides
are slightly longer than the middle portion. Apically the
shaft is narrowly rounded-off. Laterally it has a slight
curvature starting from the distal end to the base. The
base of the baculum shows a more rounded appearance
laterally. Ventral basal emarginations are deeper than
the dorsal ones. The ventral surface shows a wide
median depression. The tip is acutely pointed when
seen laterally.

Remarks: The structure of the baculum of the
specimen from Kargal, Shivamogga, Karnataka matches
that described by Topal (1975) from Udaygiri, Odisha,
and Mahabaleshwar, Maharashtra, and Bates & Harrison
(1997) from Talewadi, Karnataka. The baculum of the
present specimen differs slightly in having a slight
curvature of the shaft toward the apical region visible in
the lateral aspect. The taxon R. indorouxii Chattopadhyay
et al. (2012) was described as separate from R. rouxii
based on echolocation calls and cytb sequences,
however, the nomen is treated as invalid by Hutson et
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al. (2019). The baculum structure of the populations
described as R. indorouxii (Image 5.V; here treated as R.
cf. rouxii) is roughly similar to that of R. rouxii and differs
slightly in having a small, not so rounded base. The shaft
shows slight curvature and the tip of the shaft is slanting
and flat.

18. Rhinolophus pusillus (Temminck, 1834) Least
Horseshoe Bat (Image 5.VI)

Material examined: NHM.OU.CHI.14.2017, male,
collected from Karagal Village (14.1897N and 74.8138E),
Shivamogga District, Karnataka, by Bhargavi Srinivasulu
and G. Devender, on 15.v.2017.

The baculum of the specimen from Kargal,
Shivamogga, Karnataka, is medium-sized (3.5mm long),
with a deeply forked broad base (1.0mm). The shaft is
long, thin, and cylindrical, ending in a narrowly rounded-
off tip. The tip of the baculum shows a slight flattening at
an angle. On the lateral aspect, a pronounced curvature
is observed in the middle region of the shaft.

Remarks: This is the first time that the baculum of
this species from India is described.

19. Rhinolophus lepidus (Blyth, 1844) Blyth’s
Horseshoe Bat (Image 5.VII)

Material examined: NHM.OU.CHI.28.2015, male,
collected from Kandri Mine Cave (21.412N and 79.268E),
Nagpur, Nagpur district, Maharashtra, by G. Devender
and Tariq A. Shah, on 03.iii.2015.

The baculum is medium-sized (3.5mm long), with
a slightly forked broad base. The base (0.8mm) shows
the presence of a thin sulcus on the ventral surface.
The shaft is narrow, long, cylindrical, ending in narrowly
pointed tip. The lateral profile of the baculum is straight.

Remarks: The structure of the baculum of the
specimen from Nagpur, Maharashtra, matches that
described by Sinha (1976) from Ranthambore, Sawai
Madhopur, Rajasthan.

19a. Rhinolophus lepidus monticola Andersen, 1905
Montane Horseshoe Bat (Image 5.VIII)

Material examined: NHM.OU.CHI.19.2016, male,
collected from Bumzov Cave (33.769N and 75.213E),
Martand, Anantnag District, Jammu and Kashmir, by
Tarig A. Shah, on 30.iv.2016.

The baculum of the specimen from Anantnag,
Jammu & Kashmir is large (4.5mm long), longer than the
nominate subspecies. It has a broad base (1.0mm) with
a shallow proximal emargination. The emargination is
shallower than that of R. lepidus. The base has a thin
sulcus on the ventral surface, which extends into a
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Image 5. Bacula of selected species belonging to the family Rhinolophidae (in part) in India: I—Rhinolophus ferrumequinum | \1—Rhinolophus
andamanensis (from Baratang Island) | Ill—Rhinolophus andamanensis (from Baratang Island) | IV—Rhinolophus rouxii | V—Rhinolophus cf.
rouxii | VI—Rhinolophus pusillus | VIl—Rhinolophus lepidus | VIll—Rhinolophus lepidus monticola (Scale: 1mm). A—Dorsal view | B—Ventral

view | C—Lateral view.
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concavity. The shaft is thin, long, and cylindrical ending
in a tapered and pointed tip. In the lateral profile, a
pronounced curvature starting from just above the
broad base to the tip is observed.

Remarks: This is the first time that the baculum of
this subspecies is described.

20. Rhinolophus cognatus (Andersen,
Andaman Horseshoe Bat (Image 6.1, 6.11)

Materials examined: NHM.OU.CHI.94.2015 male,
collected from Baratang Island (12.095N and 92.749E),
North & Middle Andaman District, Andaman & Nicobar
Islands, by C. Srinivasulu and Aditya Srinivasulu, on
14.x.2015; NHM.OU.CHI.127.2014, male, collected from
Interview Island (12.888N and 92.687E), North & Middle
Andaman District, Andaman & Nicobar Islands, by Asad
Gopi and Tauseef Hamid Dar, on 12.xi.2014.

The baculum of the specimen from Baratang Island is
medium-sized (3.0mm long), with a long, thin shaft, and
thick and bulbous tip. The base is wide (0.7mm) with a
distinct deep concavity very clearly visible in the ventral
aspect. In the dorsal aspect, a slight sulcus is seen on the
base. The shaft shows a distinct curvature in the lateral
aspect, just above the base.

Variation: In a population of this species on Interview
Island, the baculum structure, although quite similar,
shows slight variations. The baculum is medium-sized
(2.0mm long), has a deep sulcus at the base and a long
shaft ending with a bulbous tip. The baculum is straight
in lateral profile.

Remarks: This is the first time that the baculum of
this Indian endemic species is described.

1906)

21. Rhinolophus beddomei (Andersen, 1905) Lesser
Woolly Horseshoe Bat (Image 6.111)

Material examined: NHM.OU.CHI.10.2013, male,
collected from Shivagange (13.169N and 77.222E),
Bengaluru Rural District, Karnataka, by Bhargavi
Srinivasulu and Harpreet Kaur, on 13.xi.2013.

The baculum of the specimen from Shivagange,
Karnataka, is large (5.8mm long) and is comprised of a
thick and triangular base and a narrow distal shaft. The
margin of the broad base (2.2mm) has a deep sulcus
dorsally and a deep groove ventrally. The shaft is long
and ends with a rounded tip. The basal processes are
shorter than the shaft and are well separated by the
deep groove on the base.

Remarks: The structure of the baculum of the
specimen from Shivagange, Bengaluru rural, Karnataka,
matches that described by Srinivasulu et al. (2015) from
Sandur, Bellary district, Karnataka.
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Family Hipposideridae Lydekker, 1891
The bacula of 10 out of 16 species of roundleaf bats
in India are reported here.

22. Hipposideros ater Templeton,
Roundleaf Bat (Image 7.1)

Material examined: NHM.OU.CHI.9.2018, male,
collected from Navarkulam (11.9614N and 79.8059E),
Pondicherry, Tamil Nadu, by Tarig A. Shah, on 01.vii.2018.

The baculum is small (1.6mm long). The base is
small, with a slight concavity in the middle. The shaft is
long and cylindrical and tapers into a narrowly pointed
tip. A slight curvature starting from about one quarter
the length of the shaft to the tip is observed in the lateral
aspect.

Remarks: The structure of the baculum of the
specimen from Navarkulam, Pondicherry, matches that
described by Topal (1975) from Konark, Odisha.

1848 Dusky

23. Hipposideros durgadasi (Khajuria, 1970) Durga
Das’s Roundleaf Bat (Image 7.11)

Material examined: NHM.OU.CHI.28.2014, male,
collected from Therahalli (13.133N and 78.095E), Kolar
district, Karnataka, by Harpreet Kaur and Bhargavi
Srinivasulu, on 13.v.2014.

The baculum is small (1.5mm long), with a distinct ‘C’
shape in the lateral aspect. The base of the baculum is
squarish, simple, and the shaft gradually tapers towards
the pointed tip. On the dorsal aspect, a conspicuous
constriction is seen just above the base.

Remarks: The structure of the baculum of the
specimen from Hanumanahalli, Kolar district, Karnataka,
matches that described by Topal (1975) from Gwarighat,
Madhya Pradesh.

24. Hipposideros fulvus (Gray, 1838) Fulvus
Roundleaf Bat (Image 7.111)

Material examined: NHM.OU.CHI.9.2014, male,
collected from Naramvarigudem (17.250N and 81.068E),
Bhadradri Kothagudem District, Telangana State, by G.
Devender and K. Krishna Prasad, on 25.i.2014.

The baculum is small (1.8mm long), with a thick base
and a long slender shaft. The base is small and has no
appearance of any concavity. The shaft is long, slender,
showing slight curvature along the length and tapers to
a pointed tip. In the lateral view, a slight curvature of the
shaft is clearly visible.

Remarks: The structure of the baculum of the
specimen from Naramvarigudem, BhadradriKothagudem
district, Telangana State matches that described by
Topal (1975) from Bhaja, Maharashtra; from Jodhpur,
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Image 6. Bacula of selected species belonging to the family
Rhinolophidae (in part) in India: 1—Rhinolophus cognatus (from
Interview Island) | Il—Rhinolophus cognatus (from Baratang Island)
| l—Rhinolophus beddomei (Scale: 1mm). A—Dorsal view | B—
Ventral view | C—Lateral view.

Rajasthan described by Sinha (1976) and that described
by Bates & Harrison (1997) from Sri Lanka.

25. Hipposideros pomona Andersen, 1918 Pomona
Roundleaf Bat (Image 7.1V)

Material examined: NHM.OU.CHI.2.2018, male,
collected from Ranipuram (12.4262N and 75.3623E),
Kasaragod District, Kerala, by Sreehari Raman, on
25.xi.2017.

The baculum of the specimen from Ranipuram,
Kasaragod district, Kerala, is small (1.7mm long), with a
thick base and a bifid tip. The base is thick with a small
concavity in the middle. The shaft of the baculum is
long, slender, straight-sided, and ends with a bifid apical
portion.

Remarks: The strucutre of the baculum of the
specimen from Ranipuram, Kerala matches that
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described by Srinivasulu & Srinivasulu (2018) based on
a historic specimen collected from Travancore, southern
India.

26. Hipposideros gentilis Andersen, 1918 Andersen’s
Roundleaf Bat (Image 7.V)

Material examined: NHM.OU.CHI.135.2014, male,
collected from Baratang Island (12.095N and 92.749E),
North & Middle Andaman District, Andaman & Nicobar
Islands, by Tauseef Hamid Dar and Asad Gopi, on
22.xi.2014.

The baculum is very small (0.6mm long), simple,
tapering gradually to a tip.

Remarks: The structure of the baculum of the
specimen from Baratang Island, Andaman Islands,
matchesthat of H. pomona described by Douangboubpha
et al. (2010) from Thailand and Zubaid & Davison (1987)
from Peninsular Malaysia. A slight variation in the
baculum structure was observed in some populations, in
which the baculum (0.5mm) shows a rounded base with
a slight concavity near the apical region, and ends with
a squarish tip.

27. Hipposideros hypophyllus Kock & Bhat, 1994
Kolar Roundleaf Bat (Image 7.VI)

Material examined: NHM.OU.CHI.19.2014, male,
collected from Hanumanahalli (13.158N and 78.291E),
Kolar District, Karnataka, by C. Srinivasulu and Aditya
Srinivasulu, on 12.v.2014.

The baculum is medium-sized (2.5mm long), straight-
sided, and a slightly round and broad base. There is a
prominent concavity present at the base ventrally. The
shaft of the baculum is long and gradually tapers into a
bifid distal end. When viewed laterally, the tip appears
bulb-like and the base is sharply angulated.

28. Hipposideros galeritus (Cantor, 1846) Cantor’s
Roundleaf Bat (Image 8.1)

Material examined: NHM.OU.CHI.35.2014, male,
collected from Shivagange (13.169N and 77.222E),
Bengaluru Rural District, Karnataka, by Bhargavi
Srinivasulu and Harpreet Kaur, on 16.v.2014.

The baculumis very small (0.7mm long), with a broad
base, gradually tapering shaft and a blunt tip. There is
a faint concavity present near the base on the ventral
aspect. In the lateral view, the shaft is faintly curved.

Remarks: The structure of the baculum of the
specimen from Shivagange, Karnataka matches that
described by Topal (1975) from Ajanta, Maharashtra.
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Image 7. Bacula of selected species belonging to the family Hipposideridae (in part) in India: I—Hipposideros ater | |l—Hipposideros durgadasi
| W—Hipposideros fulvus | IV—Hipposideros pomona | V—Hipposideros gentilis | Vi—Hipposideros hypophyllus (Scale: V 0.5mm; Scale: I-IV
& VI 1mm). A—Dorsal view | B—Ventral view | C—Lateral view.

29. Hipposideros speoris (Schneider, 1800)
Schneider’s Roundleaf Bat (Image 8.11)

Material examined: NHM.OU.CHI.32.2013, male,
collected from Hanumanahalli (13.158N and 78.291E),
Kolar District, Karnataka, by G. Devender and Tariq A.
Shah, on 14.xii.2013.

The baculum is very small (0.5mm long), with a
slightly expanded base, a straight shaft, and a notched,
broad tip. Laterally, it shows the presence of a slight
curvature of the shaft from the base to the apical region.

Remarks: The structure of the baculum of the

specimen from Hanumanahalli, Karnataka matches that
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described by Topal (1975) from Elephanta, Maharashtra.

30. Hipposideros cf. grandis (G.M. Allen, 1934)
Grand Roundleaf Bat (Image 8.l1)

Material examined: NHM.OU.CHI.177.2015, male,
collected from V.K. Pur (10.726N and 92.576E), Little
Andaman, Andaman & Nicobar Islands, by Asad Gopi
and Tauseef Hamid Dar, on 05.xii.2015.

The baculum is small (1.2mm long), with a roughly
U-shaped structure. The apical processes are long with
lateral thickenings and converge toward the apex. The
tips are not in contact with each other. The outer margins
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Image 8. Bacula of selected species belonging to the family Hipposideridae (in part) in India: 1—Hipposideros galeritus | I|—Hipposideros
speoris | l—Hipposideros cf. grandis | \V—Hipposideros lankadiva (Scale: | & Il 0.5mm; Il & IV 1Imm). A—Dorsal view | B—Ventral view
| C—Lateral view.

of the apical process are projecting. The proximal end is
grooved in the middle, and a concavity is present at the
base of the proximal end.

Remarks: The baculum of the specimen from Little
Andaman, Andaman Islands matches that described
by Agrawal & Sinha (1973), as Hipposideros larvatus
grandis, from Prome, Myanmar (=Burma); however, a
slight difference is observed. Agrawal & Sinha (1973)
mention that the arms are narrower in the middle than
at the apex, however in the baculum of the present
specimen the arms narrow toward the apex. This is the
first time that the baculum of this species from India is
described.

31. Hipposideros lankadiva (Kelaart, 1850) Kelaart’s
Roundleaf Bat (Image 8.1V)

Material examined: NHM.OU.CHI.59.2015, male,
collected from Chikatimori (19.11N and 79.09E), Maliyal,
Jannaram, Mancherial District, Telangana State, by G.
Devender and G. Chethan Kumar, on 25.ix.2015.

The baculum is medium-sized (2.4mm long), with
two apical processes extending from the base. The
baculum is longer than broad and slender in appearance.
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The basal portion of the baculum is broad, with a small
concavity in the middle. From the base, the broad shaft
extends to 1/3™ the length of the baculum after which
two apical processes arise from the broad shaft. These
are thin and tall and run parallel to each other. Toward
the apical portion, they slightly bend toward each other.
The tips of the apical processes are narrowly rounded
off. Laterally, the apical processes exhibit uneven
borders and a pointed tip and a gentle bend toward the
forked base.

Remarks: The structure of the baculum of the
specimen from Jannaram, Mancherial district, Telangana
State matches that described by Agrawal & Sinha (1973)
from Garo Hills, Meghalaya.

Family Molossidae Gervais, 1856
The baculum of one out of three species of free-
tailed bats in India is reported here.

32. Tadarida aegyptiaca (E. Geoffroy, 1818) Egyptian
Free-tailed Bat (Image 9)

Material examined: NHM.OU.CHI.45.2014, male,
collected from Shiva Temple (15.317N and 76.464E),
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Image 9. Bacula of selected species belonging to the family Molossidae (Tadarida aegyptiaca) in India (Scale: 0.5mm). A—Dorsal view | B—
Ventral view | C—Lateral view.

Hampi, Bellary District, Karnataka, by Tariq A. Shah and
C. Srinivasulu, on 19.v.2014.

The baculum is very small (0.5mm long). The base
is small and has a concavity in the middle. It continues
into a parallel-sided thick shaft, which expands into a
bulbous apical region.

Remarks: The structure of the baculum of the
specimen from Hampi, Karnataka, differed from that
described by Agrawal & Sinha (1973) from Alwar,
Rajasthan, in having a distinct shaft ending with a bulbous
apical region, however, it matches that described by
Sinha (1976) from Kota, Rajasthan.

Family Vespertilionidae Gray, 1821
The bacula of 12 out of 65 species of evening bats in
India are reported here.

33. Myotis blythii Tomes, 1857 Lesser Myotis (Image
10.1)

Material examined: NHM.OU.CHI.20.2016, male,
collected from Bumzov Cave (33.769N and 75.213E),
Martand, Anantnag District, Jammu and Kashmir, by
Tariq A. Shah, on 30.iv.2016.

The baculum is very small (0.9mm long), broad
(0.6mm) and triangular. On the dorsal surface, a small
knob-like projection is seen medially on the base of
the baculum. The baculum is concave on the ventral
surface. The shaftis broad and parallel-sided, narrowing
slightly toward the apical region and ends with a broadly
rounded tip. A faint ridge is seen connecting the knob-
like projection on the base to the tip of the baculum.

Remarks: The structure of the baculum of the
specimen from Bumzov cave, Jammu & Kashmir matches
that described by Albayrak & Asan (2001) from Turkey.
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34. Myotis peytoni Wroughton & Ryley, 1913
Peyton’s Whiskered Myotis (Image 10.Il)

Material examined: NHM.OU.CHI.06.2017, male,
collected from Makuta (12.077N and 75.725E), Kodagu
district, Karnataka, by Bhargavi Srinivasulu and G.
Devender, on 07.v.2017.

The baculum of the specimen from southern
Karnataka is very small (0.8mm long), broad (0.5mm)
and triangular. The ventral surface is concave and the
dorsal surface is uneven in texture. The mid-point of
the base is slightly raised on the dorsal surface. The
base extends in the form of a broad, parallel-sided shaft
which joins roughly in a triangular shape at the apical
region and ends in a rounded tip. The proximal border
is uneven in nature. Laterally, a concavity is observed
on the ventral surface to give an appearance of a boat
shape to the baculum.

Remarks: This is the first time that the baculum of
this Indian endemic species is described.

35. Myotis longipes Dobson, 1873 Kashmir Cave
Myotis (Image 10.1II)

Material examined: NHM.OU.CHI.24.2016, male,
collected from Bumzov Cave (33.769N and 75.213E),
Martand, Anantnag District, Jammu and Kashmir, by
Tarig A. Shah, on 30.iv.2016.

The baculum of the specimen from Bumzov Cave,
Jammu & Kashmir is very small (0.4mm long) and flat.
It is distinctly shaped not being typically ‘triangular’ as
in other species of Myotis studied during the present
study. The base is wide and has a slight concavity in the
middle. The base extends onto a parallel-sided tall shaft,
which ends in a narrowly pointed tip.

Remarks: The bacular structure of the specimen
from Jammu and Kashmir roughly matches with that
provided by Hanak and Gaisler (1969) from Afghanistan.
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Image 10. Bacula of selected species belonging to the family Vespertilionidae in India: I—Myotis blythii | 11—Myotis peytoni | IIl—Myotis
longipes | IV—Mlyotis horsfieldii dryas | V—Scotophilus heathii | VI—Scotophilus kuhlii | VIl—Tylonycteris malayana eremtaga | VIll—
Pipistrellus javanicus camortae | IX—Pipistrellus coromandra | X—Pipistrellus tenuis | XI—Pipistrellus ceylonicus | Xll—Hesperoptenus tickelli
(Scale: 1 to VI, VIII to XIl 1mm; VIl 0.5mm). A—Dorsal view | B—Ventral view | C—Lateral view.
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However, it differs from that depicted in Hanak and
Gaisler (1969) in having a parallel-sided tall shaft, and a
flat appearance.

36. Myotis horsfieldii dryas (Andersen, 1907)
Andaman Myotis (Image 10.1V)

Material examined: NHM.OU.CHI.125.2015, male,
collected from Bamboo Nullah (12.856N and 92.875E),
near Mayabunder, North & Middle Andaman district,
Andaman & Nicobar Islands, by C. Srinivasulu and Aditya
Srinivasulu, on 19.x.2015.

The baculum is very small (2.3mm long), saddle-
shaped, with a deep median emargination on the base
(1.5mm wide). On the dorsal surface, a projection is
seen on the basal margin of the baculum. The baculum
becomes slightly narrower toward the apical portion and
ends in a narrowly rounded off tip. The tip and the bony
projection are connected by means of a ridge on the
dorsal surface of the baculum. Ventrally, the baculum
shows a concavity. The distal end of the baculum is
blunt, without any abrupt constrictions.

Remarks: The structure of the baculum of the
specimen from Mayabunder, Andaman Islands roughly
matches the general structure of that described by
Bates & Harrison (1997) from Venniar Estate, Tamil
Nadu, however, the baculum of the present specimen
differs from that described by Bates & Harrison (1997) in
being triangular with a deep emargination on the basal
margin and a well-defined ridge on the dorsal surface.
This is the first time that the baculum of this subspecies
endemic to Andaman Islands is described.

37. Scotophilus heathii (Horsfield, 1831) Asiatic
Greater Yellow House Bat (Image 10.V)

Material examined: NHM.OU.CHI.27.2015,
male, collected from Nagardan Qila (21.337N and
79.315E), Ramtek, near Kandheri Moil, Nagpur District,
Maharashtra, by Tariqg A. Shah and G. Devender, on
03.iii.2015.

The baculum is small (1.8mm long). The base is
broader (1.0mm) than the apex and shows the presence
of a deep median emargination, with a shaft being as
thick as the base. The broad base extends in the form of
a parallel-sided shaft, which is as broad as the base. The
broad shaft narrows slightly toward the apex and ends in
a broadly rounded apex. At the apex, a slight concavity
is observed. In the lateral profile, the baculum is thick
at the base and shows a slight curvature as it extends
toward the apex.

Remarks: The structure of the baculum of the
specimen from Nagardan Qila, Maharashtra matches
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roughly with that described by Hill & Harrison (1987)
from Tori, Pakistan. The baculum, however, differs from
that depicted in Hill and Harrison (1987) in having a
single deep emargination in the base, a concavity at the
tip on the dorsal and ventral aspects and being broad
and stout in the lateral aspect.

38. Scotophilus kuhlii (Leach, 1821) Asiatic Lesser
Yellow House Bat (Image 10.VI)

Material examined: NHM.OU.CHI.67.2015, male,
collected from Singaraipet Beat, Thallapet (19.07N and
79.09E), Mancherial District, Telangana State, by G.
Devender and K. Krishna Prasad, on 30.ix.2015.

The baculum is small (1.6mm long). The base is
broad, with a slight concavity in the centre. The shaft
is parallel-sided, as broad as the base and narrows
toward the apical region where it shows the presence
of a deep notch at the tip. The tip seems pointed due to
the presence of the deep notch. Laterally the baculum is
straight and thin with a rounded base.

Remarks: The structure of the baculum of the
specimen from Thallapet, Mancherial District, Telangana
State roughly matches that described by Hill & Harrison
(1987) from Chiang Mai, Thailand. However, the baculum
differs from that depicted in Hill and Harrison (1987) in
having a single shallow emargination at the base and a
deep notch at the tip.

39. Tylonycteris malayana eremtaga Srinivasulu et
al. 2018 Andaman Greater Bamboo Bat (Image 10.VIl)

Material examined: NHM.OU.CHI.151.2015, male,
collected from Chipo (13.527N and 93.013E), North &
Middle Andaman District, Andaman & Nicobar Islands,
by Asad Gopi and Tauseef Hamid Dar, on 06.xi.2015.

The baculum is very small (0.4mm long), with a broad
concave base. The shaft of the baculum is long, straight,
with a slight concavity just beneath the rounded tip.
In lateral aspect, the shaft of the baculum is long and
straight, and the base is much flared.

Remarks: The structure of the baculum of the
specimen from Chipo, North Andaman, Andaman Islands
roughly matches that described by Hill & Harrison (1987)
from Bukit Lagong Forest Reserve, Kepong, Selangor,
Malaya. However, it differs in having a much flared base,
a long and straight shaft.

40. Pipistrellus javanicus camortae (Miller, 1902)
Camorta Pipistrelle (Image 10.VIII)

Material examined: NHM.OU.CHI.158.2015, male,
collected from Devpur (12.862N and 92.867E), near
Mayabunder, North & Middle Andaman District,
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Andaman & Nicobar Islands, by Tauseef Hamid Dar and
Asad Gopi, on 18.xi.2015.

The baculum is large (5.3mm long), long, and
slender. The base is narrow, and the proximal portion
shows the presence of a shallow V-shaped fissure. The
apical portion is wider than the basal portion. The shaft
of the baculum is long, parallel-sided and at the apical
portion, the shaft bifurcates into two arms. The tips of
the arms show a slight inward curvature. In lateral view,
the baculum has a slightly curved profile. The apical
portion shows the presence of a concavity just beneath
the bifid tip on the ventral surface giving the appearance
of slight curvature of the baculum near the tip. The
proximal portion extends slightly and is in line with the
apical curvature of the baculum.

Remarks: The structure of the baculum of the
specimen from Mayabunder, Middle Andaman,
Andaman Islands matches that described by Soota &
Chaturvedi (1980) from Tee Top, Car Nicobar, Andaman
& Nicobar Islands, and Hill & Harrison (1987) from Car
nicobar. However, the baculum does not show as much
curvature of the shaft in the lateral profile as is depicted
in Hill and Harrison (1987).

41. Pipistrellus  coromandra
Coromandel Pipistrelle (Image 10.IX)

Material examined: NHM.OU.CHI.53.2016, male,
collected from Chembanoda (11.6384N and 75.865E),
Perivanamuzhi, Kozhikode District, Kerala, by Bhargavi
Srinivasulu and G. Devender, on 19.x.2016.

The baculum is medium-sized (3.1mm long). The
proximal lobes of the base of the baculum are narrow
and have a deep emargination. The shaftis long, ending
with a bifid tip. The apical lobes are thick, short and
deflected slightly outward. Toward the apical region,
the shaft shows a slight curvature on the dorsal surface
observed in the lateral profile. The tip also shows a
slight downward curvature.

Remarks: The structure of the baculum of the
specimen from Kozhikode, Kerala, matches that
described by Hill & Harrison (1987) from near Mirzapur,
Uttar Pradesh, India.

(Gray, 1838)

42. Pipistrellus tenuis (Temminck, 1840) Least
Pipistrelle (Image 10.X)

Material examined: NHM.OU.CHI.1.2013, male,
collected from Gachibowli (17.440N and 78.352E),
Hyderabad District, Telangana State, by Harpreet Kaur,
on 24.i.2013.

The baculum is medium-sized (3.3mm long). The
proximal lobes of the narrow base are well developed
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and have a deep emargination. The lobes have processes
on them and are deflected outward. The shaft is long,
slightly thick, ending in a bifid tip. The apical lobes are
short. Inthe lateral aspect, a concavity is seen just above
the base, followed by the presence of a distinct process
immediately above it. The apical region does not show
any curvature on the lateral aspect.

Remarks: The structure of the baculum of the
specimen from Hyderabad, Telangana State matches
that described by Hill & Harrison (1987) from the
Coast of Sabah, Borneo. In the baculum of the present
specimen, the shaft has a straight profile, and shows the
presence of processes on the proximal lobes unlike that
depicted by Hill & Harrison (1987).

43, Pipistrellus ceylonicus (Kelaart, 1852) Kelaart’s
Pipistrelle (Image 10.XI)

Material examined: NHM.OU.CHI.8.2012, male,
collected from Osmania University Campus (17.417N
and 78.531E), Hyderabad, Telangana State, by Bhargavi
Srinivasulu and C. Srinivasulu, on 23.i.2012.

The baculum is medium-sized (3.8mm long). The
basal lobes are well-developed and are deflected
outward. The shaft is slender and tall. The tip is bifid,
and the apical lobes are thin with a deep emargination
separating them. In the lateral aspect, the shaft exhibits
a straight profile.

Remarks: The structure of the baculum of the
specimen from Osmania University, Telangana State
matches that described by Hill & Harrison (1987) from
Astoli, Belgaum, Karnataka, although in their depiction,
the shaft of the baculum is shown to have a slight
curvature on the lateral aspect.

44, Hesperoptenus tickelli (Blyth, 1851) Tickell’s Bat
(Image 10.XII)

Material examined: NHM.OU.CHI.155.2015, male,
collected from Devpur (12.862N and 92.867E), near
Mayabunder, North and Middle Andaman District,
Andaman & Nicobar Islands, by Tauseef Hamid Dar and
Asad Gopi, on 16.xi.2015.

The baculum is large (4.5mm long). The base of the
baculum expands to form paired basal lobes separated
both dorsally and ventrally by median V-shaped fissure.
The shaft of the baculum is long, parallel-sided and
expands as it approaches the tip. The tip shows a slight
concavity in the middle. When viewed laterally, the
shaft shows curvature starting at the midpoint gradually
to the tip.

Remarks: The structure of the baculum of the
specimen from Devpur, Middle Andaman, Andaman
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Islands roughly matches to that described by Hill (1976)
and Hill & Harrison (1987) both from Sri Lanka. The
present baculum differs from that earlier described
in having the apical region expanded and a gradual
curvature from the midpoint of the shaft to the tip. It
also differs in having a concavity at the tip.

REFERENCES

Agrawal, V.C. & Y.P. Sinha (1973). Studies on the bacula of some
oriental bats. Anatomischer Anzeiger 133: 180-192.

Aksenova, T.G. & P.K. Smirnov (1986). Structural features of
Lagomorpha genitals. pp. 5-6. In: 4rth All Union Theriological
Society Meeting Report. All Union Theriological Society, Moscow,
USSR.

Albayrak, I. & N. Asan (2001). The structure of baculum in Myotis
myotis and Myotis blythi (Chiroptera: Vespertilionidae) from Turkey.
Turkish Journal of Zoology 25: 229-233.

Bates, P. J. J. & D.L. Harrison (1997). Bats of the Indian Subcontinent.
Harrison Zoological Museum, Sevenoaks, Kent, United Kingdom.
258pp.

Bates, P.J.J., F. Ratrimomanarivo, D.L. Harrison & S.M. Goodman
(2006). A review of pipistrelles and serotines (Chiroptera:
Vespertilionidae) from Madagascar, including the description of a
new species of Pipistrellus. Acta Chiropterologica 8(2): 299-324.
https://doi.org/10.3161/1733-5329(2006)8[299:Adoans]2.0.CO;2

Bates, P.J.J., O. Tun, M.M. Aung, A. Lu, M.R. Lum & M.M. Sein (2015).
A review of Hipposideros lankadiva Kelaart, 1850 (Chiroptera:
Hipposideridae) with a description of a new subspecies from
Myanmar. Tropical Natural History 15(2): 191-204. https://li01.tci-
thaijo.org/index.php/tnh/article/view/103082

Benda, P., A. Kiefer, V. Hanak, V. & M. Veith (2004). Systematic
status of African populations of long-eared bats, genus Plecotus
(Mammalia: Chiroptera). Folia Zoologica 53 (Monograph, 1): 1-47.

Benda, P., M.M. Al-Jumaily, A. Reiter & A.K. Nasher (2011).
Noteworthy records of bats from Yemen with description of a new
species from Socotra. Hystrix the Italian Journal of Mammalogy
22(1): 23-56. https://doi.org/10.4404/hystrix-22.1-4473

Bhatnagar, K.P. (1967). Bacula of some Indian Megachiroptera. Journal
of Mammalogy 48(3): 494-497. https://doi.org/10.2307/1377802

Brindle M. & C. Opie (2016). Postcopulatory sexual selection influences
baculum evolution in primates and carnivores. Proceedings of
the Royal Society B 283: 20161736. https://doi.org/10.1098/
rspb.2016.1736

Brown, R.E. (1967). Bacula of some New World molossid
bats. Mammalia 31(4): 645-667. https://doi.org/10.1515/
mamm.1967.31.4.645

Brown, R.E., H.H. Genoways & J.K. Jones Jr. (1971). Bacula of
some Neotropical bats. Mammalia 35(3): 456-464. https://doi.
org/10.1515/mamm.1971.35.3.456

Burt, W.H. (1960). Bacula of North American mammals. Miscellaneous
Publications of Museum of Zoology, University of Michigan 113:1—
75.

Chaine, J. (1925). L'os pénien: étude descriptive et comparative. Actes
de la Société Linnéenne de Bordeaux 78: 1-195.

Corbet, G.B. (1964). The grey long-eared bat Plecotus austriacus
in England and the Channel Islands. Proceedings of the
Zoological Society of London 143(3): 511-515. https://doi.
org/10.1111/j.1469-7998.1964.tb03875.x

Davis, D.D. (1947). The bacula of some fruit bats (Pteropus). Fieldiana,
Chicago Natural History Museum 31(16): 125-131.

Didier, R. (1949). Etude systématique de I'os pénien des mammifers:

famille des félidés. Mammalia 13(1): 17-37. https://doi.
org/10.1515/mamm.1949.13.1.17
Didier, R. (1964). Etude systématique de l'os pénien des

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 June 2020 | 12(9): 15985-16005

Srinivasulu et al.

mammiférs. Mammalia 29: 331-342. https://doi.org/10.1515/
mamm.1965.29.3.331

Dixson, A.F. (1995). Baculum length and copulatory behaviour in
carnivores and pinnipeds (Grand Order Ferae). Journal of Zoology

235(1): 67-76. https://doi.org/10.1111/.1469-7998.1995.
tb05128.x
Douangboubpha, B., S. Bumrungsri, P. Soisook, C. Satasook,

N.M. Thomas & P.J.J. Bates (2010). A taxonomic review of the
Hipposideros bicolor species complex and H. pomona (Chiroptera:
Hipposideridae) in Thailand. Acta Chiropterologica 12(2): 415-438.
https://doi.org/10.3161/150811010X537990

Eadie, W.R. (1947). Homologies of the male accessory reproductive
glands in Sorex and Blarina. The Anatomical Record 98(3): 347-359.
https://doi.org/10.1002/ar.1090980305

Erbajeva, M.A., J.I. Mead, N.V. Alexeeva, C. Angelone & S.L. Swift
(2011). Taxonomic diversity of late Cenozoic Asian and North
American ochotonids (an overview). Paleontological Electronica
14(3) 42A: 1-9.

Goodman, S.M., C.F. Rakotondramanana, B. Ramasindrazana, A.
Monadjem, M.C. Schoeman, P.J. Taylor, K. Naughton & B. Appleton
(2015). An integrative approach to characterize Malagasy bats of
the subfamily Vespertilioninae Gray, 1821, with the description of
a new species of Hypsugo. Journal of the Linnean Society 173(4):
988-1018. https://doi.org/10.1111/20j.12223

Handk, V. & J. Gaisler (1969). Notes on the taxonomy and ecology of
Myotis longipes (Dobson, 1873). Zoologicke Listy 18(3): 195-206.

Hamilton, W.J. Jr. (1946). A study of the baculum in some North
American Microtinae. Journal of Mammalogy 27(4): 378-387.
https://doi.org/10.2307/1375346

Hamilton, W.J. Jr. (1949). The bacula of some North American
vespertilionid bats. Journal of Mammalogy 30(2): 97-102. https://
doi.org/10.2307/1375254

Heller, K.G. & M. Volleth (1984). Taxonomic position of ‘Pipistrellus
societatis’ Hill, 1972 and the karyological characteristics of the genus
Eptesicus (Chiroptera: Vespertilionidae). Zeitschrift fiir zoologische
Systematik und Evolutionsforschung 22(1): 65-77. https://doi.
org/10.1111/j.1439-0469.1984.tb00563.x

Herdina, A.N. (2014). The bat baculum: Histomorphological methods
and micro CT-based 3D models to distinguish cryptic species of
Pipistrellus and Plecotus and to test functional hypotheses using
post-mortem specimens. Ph.D. Thesis, University of Vienna, Austria.
185pp.

Hill, J.E. (1976). Bats referred to the genus Hesperotenus Peters,
1869 (Chiroptera: Vespertilionidae) with the description of a
new subgenus. Bulletin of the British Museum of Natural History
(Zoology) 32: 1-28.

Hill, J.E. & D.L. Harrison (1987). The baculum in the Vespertilioninae
(Chiroptera: Vespertilionidae) with a systematic review, a synopsis
of Pipistrellus and Eptesicus, and the description of a new genus
and subgenus. Bulletin of the British Museum of natural History
(Zoology) 52: 225-305.

Hutson, A.M., S. Rossiter, G. Csorba & C. Burgin (2019). Family
Rhinolophidae (Horseshoe Bats), pp. 260-332. In: Wilson, D.E. &
R.A. Mittemeier (eds.). Handbook of the Mammals of the World:
Bats. Lynx Edicions, Spain, 1008pp.

Kaur, H., C. Srinivasulu, B. Srinivasulu, T.A. Shah, G. Devender & A.
Srinivasulu (2014). Taxonomic notes and distribution extension of
Durga Das’s leaf-nosed bat Hipposideros durgadasi Khajuria, 1970
(Chiroptera: Hipposideridae) from south India. Biodiversity Data
Journal 2: e4127. https://doi.org/10.3897/BDJ.2.e4127

Kaur, H., C. Srinivasulu, T.A. Shah, G. Devender & B. Srinivasulu
(2017). Updates on the distribution of the Cantor’s Leaf-nosed Bat,
Hipposideros galeritus Cantor, 1846 (Chiroptera, Hipposideridae):
new records from peninsular India. Check List 13(6): 909-912.
https://doi.org/10.15560/13.6.909

Khajuria, H. (1979). Studies on the bat (Chiroptera. Mammalia)
of M.P, India. Pt. I. (Families Pteropodidae, Rhinopomatidae
and Emballonuridae). Records of the Zoological Survey of India,
Occasional Paper No. 13. Zoological Survey of India, Calcutta, 59 pp.

16003


https://doi.org/10.3161/1733-5329(2006)8[299:Adoans]2.0.CO;2
https://li01.tci-thaijo.org/index.php/tnh/article/view/103082
https://doi.org/10.4404/hystrix-22.1-4473
https://doi.org/10.1098/rspb.2016.1736
https://doi.org/10.1515/mamm.1967.31.4.645
https://doi.org/10.1515/mamm.1971.35.3.456
https://doi.org/10.1111/j.1469-7998.1964.tb03875.x
https://doi.org/10.1515/mamm.1949.13.1.17
https://doi.org/10.15560/13.6.909
https://doi.org/10.3897/BDJ.2.e4127
https://doi.org/10.1111/j.1439-0469.1984.tb00563.x
https://doi.org/10.2307/1375254
https://doi.org/10.2307/1375346
https://doi.org/10.1111/zoj.12223
https://doi.org/10.1515/mamm.1965.29.3.331
https://doi.org/10.1111/j.1469-7998.1995.tb05128.x
https://doi.org/10.3161/150811010X537990
https://doi.org/10.1002/ar.1090980305

Review of the bacular morphology of some Indian bats

Khajuria, H. (1980). Taxonomical and ecological studies on the bats
of Jabalpur district, Madhya Pradesh, India. Part 2. (Families
Megadermatidae, Rhinolopbidae and Vespertilionidae). Records of
the Zoological Survey of India, Occasional Paper No. 19. Zoological
Survey of India, Calcutta, 69pp.

Khajuria, H. (1982). External genitalia and bacula of some central
Indian Microchiroptera. Sdugetierkundliche Mitteilungen 30: 287—
295.

Kitchener, D.J. & Maharadatunkamsi (1991). Description of a new
species of Cynopterus (Chiroptera: Pteropodidae) from Nusa
Tenggara, Indonesia. Records of the Western Australian Museum
15(2): 307-363.

Kitchener, D.J., N. Caputi & B. Jones (1986). Revision of Australo-Papuan
Pipistrellus and Falsistrellus (Microchiroptera: Vespertilionidae).
Records of the Western Australian Museum 12: 435-495.

Kruskop, S.V. (2015). Dull and bright: cryptic diversity within
the Hipposideros larvatus group in Indochina (Chiroptera:
Hipposideridae). Lynx n.s. (Praha) 46: 29-42.

Kruskop, S.V. & A.V. Borisenko (2013). A new species of south-east
Asian Myotis (Chiroptera: Vespertilionidae), with comments on
Vietnamese ‘whiskered bats’. Acta Chiropterologica 15(2): 293-305.
https://doi.org/10.3161/150811013X678937

Kruskop, S.V. & L.A. Lavrenchenko (2000). A new species of long-eared
bat (Plecotus; Vespertilionidae, Mammalia) from Ethiopia. Myotis
38:5-17.

Krutzsch, P.H. (1959). Variation in the os penis of tropical
fruit bats. Journal of Mammalogy 40: 387-392. https://doi.
org/10.2307/1376563

Krutzsch, P.H. (1962). Additional data on the os penis of
Megachiroptera. Journal of Mammalogy 43: 34-42. https://doi.
org/10.2307/1376878

Krutzsch, P.H. (2005). Reproductive anatomy and cyclicity of the
bat Eonycteris spelaea Dobson (Chiroptera: Pteropodidae) in
West Malaysia. Acta Chiropterologica 7(1): 51-64. http://doi.
org/10.3161/1733-5329(2005)7[51:RAACOT]2.0.CO;2

Krutzsch, P.H. & T.A. Vaughan (1955). Additional data on the bacula of
North American bats. Journal of Mammalogy 36: 96—-100. https://
doi.org/10.2307/1375727

Lanza, B. (1959). Chiroptera, pp. 187-473. In: Toschi, A. & B. Lanza
Fauna d’ltalia. Vol. IV. Mammalia (Generatilia, Insectivora,
Chiroptera). Calderini, Bologna. VIII+485pp.

Lanza, B. (1960). Su due specie criptiche di Orecchione: Plecotus
auritus (L) e P. wardi Thomas (Mamm: Chiroptera). Monitore
Zoologico Italiano 68: 7-23.

Lanza, B. (1963). Sui baculum e sui genitali esterni maschili di Pteropus
(Mamm. Megachiroptera). Monitore Zoologico Italiano 70-71
(1962-1963): 507-542, 6 figs.

Lanza, B. (1970). The baculum of Pteropus and its significance for the
phylogenesis of the genus (Mammalia, Megachiroptera). Monitore
Zoologico Italiano. Supplemento 3: 37-68. https://doi.org/10.1080/
03749444.1970.10736760

Lariviere, S. & S.H. Ferguson (2002). On the evolution of the
mammalian baculum: vaginal friction, prolonged intromission or
induced ovulation? Mammal Review 32(4): 283-294. https://doi.
org/10.1046/j.1365-2907.2002.00112.x

Martin, R.D. (2007). The evolution of human reproduction:
A primatological perspective. American Journal of Physical
Anthropology 134 (545 Yearbook of Physical Anthropology) 50: 59—
84. https://doi.org/10.1002/ajpa.20734

Patterson, B.D. & C.S. Thaeler (1982). The mammalian baculum:
hypothesis on the nature of bacular variability. Journal of
Mammalogy 63(1): 1-15. https://doi.org/10.2307/1380665

Perrin, W.F., B. Wursig & J.G.M. Thewissen (eds). (2009).
Encyclopaedia of Marine Mammals, 2nd edn. Academic Press,
London, UK, 1352pp.

Rakotondramanana, C.F. & S.M. Goodman (2017). A review of the
bacular morphology of Malagasy bats. Acta Chiropterologica 19(1):
51-70. https://doi.org/10.3161/15081109ACC2017.19.1.004

Romer, A.S. & C.S. Parsons (1986). The Vertebrate Body. 5" edition.

16004

Srinivasulu et al.

W.B. Saunders, Philadelphia, USA. 679 pp.

Schultz, N.G., M. Lough-Stevens, E. Abreu, T. Orr & M.D. Dean (2016).
The baculum was gained and lost multiple times during mammalian
evolution. Integrative and Comparative Biology 56(4): 644—656.
https://doi.org/10.1093/icb/icw034

Sikes, R.S. (2016). Guidelines of the American Society of Mammalogists
for the use of wild mammals in research and education. Journal of
Mammalogy 97(3): 663—688. https://doi.org/10.1093/jmammal/
gyw078

Sinha, Y.P. (1976). Bacula of Rajasthan bats. Mammalia 40: 97-103.
https://doi.org/10.1515/mamm.1976.40.1.97

Sinha, Y.P. (1983). Notes on bacula of some Indian bats. Geobios New
Reports 2(2): 134-136.

Soota, T.D. & Y. Chaturvedi (1980). New locality record of Pipistrellus
camortae Miller from Car Nicobar and its systematic status. Records
of the Zoological Survey of India 77: 83-87.

Srinivasulu, B., C. Srinivasulu, H. Kaur, T.A. Shah, G. Devender & A.
Srinivasulu (2014). The reassessment of the threatened status of the
Indian endemic Kolar Leaf-nosed Bat Hipposideros hypophyllus Kock
and Bhat, 1994 (Mammalia: Chiroptera: Hipposideridae). Journal of
Threatened Taxa 6(12): 6493—6501. https://doi.org/10.11609/J0TT.
04117.6493-501

Srinivasulu, B., A. Srinivasulu, C. Srinivasulu, T. Dar, A. Gopi & G. Jones
(2016). First record of the Diadem Leaf-Nosed Bat Hipposideros
diadema (E. Geoffroy, 1813) (Chiroptera: Hipposideridae) from the
Andaman Islands, India with the possible occurrence of a hitherto
unreported subspecies. Journal of Threatened Taxa 8(11): 9316—
9321. https://doi.org/10.11609/jott.2862.8.11.9316-9321

Srinivasulu, B. & C. Srinivasulu (2018). In plain sight: bacular and
noseleaf morphology supports distinct specific status of Roundleaf
Bats Hipposideros pomona Andersen, 1918 and Hipposideros
gentilis Andersen, 1918 (Chiroptera: Hipposideridae). Journal of
Threatened Taxa 10(8): 12018-12026. https://doi.org/10.11609/
jott.4111.10.8.12018-12026

Srinivasulu, C. (2018). South Asian Mammals: An Updated Checklist
and their Scientific Names. CRC Press Taylor and Francis Group,
Florida, USA. i-xvii+355pp.

Srinivasulu, C., A. Srinivasulu & B. Srinivasulu (2020). Checklist of the
bats of South Asia (v1.1). https://threatenedtaxa.org/index.php/
JoTT/checklists/bats/southasia [Date of publication: 13 April 2020].

Srinivasulu, C., A. Srinivasulu, B. Srinivasulu & G. Jones (2018).
A new subspecies of the Malayan Bamboo Bat (Chiroptera:
Vespertilionidae: Tylonycteris malayana eremtaga) from the
Andaman Islands, India. Journal of Threatened Taxa 10(1): 11210—
11217. https://doi.org/10.11609/jott.3906.10.1.11210-11217

Srinivasulu, C., A. Srinivasulu, B. Srinivasulu & G. Jones (2019).
Integrated approaches to identifying cryptic bat species in areas
of high endemism: The case of Rhinolophus andamanensis in
the Andaman lIslands. PLoS ONE 14(10): e0213562; https://doi.
org/10.1371/journal.pone.0213562

Srinivasulu, C., B. Srinivasulu, H. Kaur, T.A. Shah & G. Devender
(2015). New records of Rhinolophus beddomei Andersen, 1905
(Chiroptera: Rhinolophidae) from central peninsular region of India,
including echolocation call characteristics. Mammalia 79(3): 369—
373. https://doi.org/10.1515/mammalia-2013-0180

Srinivasulu, C., P.A. Racey & S. Mistry (2010). A key to the bats
(Mammalia: Chiroptera) of South Asia. Journal of Threatened Taxa
2(7): 1001-1076. https://doi.org/10.11609/J0TT.02352.1001-76

Strelkov, P.P. (1989). New data on the structure of baculum of
Palaearctic bats. 1. The genera Myotis, Plecotus, and Barbastella.
In: Hanak, V., I. Horacek and J. Gaisler (eds.). European bat research
1987. Proceedings of the Fourth European Bat Research Symposium,
Prague, Czechoslovakia. August 18-23, 1987. Charles University
Press, Prague, vol. i-xxiii, pp. 87-94.

Thomas, 0. (1915). The penis bone, or “baculum” as a guide to the
classification of certain squirrels. Annals and Magazine of Natural
History 8(15): 383-387.

Topal, Gy. (1958). Morphological studies on the os penis of bats in
the Carpathian Basin. Annales Historico-Naturales Musei Nationalis

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 June 2020 | 12(9): 15985-16005


https://doi.org/10.3161/150811013X678937
https://doi.org/10.2307/1376563
https://doi.org/10.2307/1376878
http://doi.org/10.3161/1733-5329(2005)7[51:RAACOT]2.0.CO;2
https://doi.org/10.2307/1375727
https://doi.org/10.1080/03749444.1970.10736760
https://doi.org/10.1046/j.1365-2907.2002.00112.x
https://doi.org/10.1002/ajpa.20734
https://doi.org/10.2307/1380665
https://doi.org/10.3161/15081109ACC2017.19.1.004
https://doi.org/10.11609/JoTT.o2352.1001-76
https://doi.org/10.1515/mammalia-2013-0180
https://doi.org/10.1371/journal.pone.0213562
https://doi.org/10.11609/jott.3906.10.1.11210-11217
https://doi.org/10.11609/jott.4111.10.8.12018-12026
https://doi.org/10.11609/jott.2862.8.11.9316-9321
https://doi.org/10.11609/JoTT.o4117.6493-501
https://doi.org/10.1515/mamm.1976.40.1.97
https://doi.org/10.1093/jmammal/gyw078
https://doi.org/10.1093/icb/icw034

Review of the bacular morphology of some Indian bats

Hungarici 50 (series nova 9): 331-342.

Topal, Gy. (1975). Bacula of some Old World Leaf-nosed bats
(Rhinolophidae and Hipposideridae, Chiroptera: Mammalia).
Vertebrata Hungarica 16: 21-54.

Wassif, K. & G. Madkour (1972). The structure of os penis in Egyptian
bats (Microchiroptera). Bulletin of the Zoological Society of Egypt
24:45-51.

Wassif, K., G. Madkour & D. Soliman (1984). Fauna and flora of Egypt.
1. On a collection of bats from Egypt. Cairo Academy of Scientific
Research and Technology Natural History Museum of Egypt, Cairo,
36 pp +vi plts.

Weimann, B., M.A. Edwards & C.N. Jass (2014). Identification of the
baculum in American pika (Ochotona princeps: Lagomorpha) from
southwestern Alberta, Canada. Journal of Mammalogy 95(2): 284—
289. https://doi.org/10.1644/13-MAMM-A-165

Williams-Ashman, H.G. (1990). Enigmatic features of penile
development and functions. Perspectives in Biology and Medicine
33(3): 335-374. https://doi.org/10.1353/pbm.1990.0008

Zubaid, A. & G.W.H. Davison (1987). A comparative study of the
baculum in Peninsular Malaysian hipposiderines. Mammalia 51(1):
139-144. https://doi.org/10.1515/mamm.1987.51.1.139

WiD

ZOGREACH

Threatened Taxa

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 June 2020 | 12(9): 15985-16005

Srinivasulu et al.

16005


https://doi.org/10.1515/mamm.1987.51.1.139
https://doi.org/10.1353/pbm.1990.0008
https://doi.org/10.1644/13-MAMM-A-165

PLATINUM
OPEN ACCESS

www.threatenedtaxa.org

Communications

Dusky Langurs Trachypithecus obscurus (Reid, 1837) (Primates: Cercopithecidae) in
Singapore: potential origin and conflicts with native primate species
— Andie Ang, Sabrina Jabbar & Max Khoo, Pp. 15967-15974

A new report on mixed species association between Nilgiri Langurs Semnopithecus johnii
and Tufted Grey Langurs S. priam (Primates: Cercopithecidae) in the Nilgiri Biosphere
Reserve, Western Ghats, India

—K.S. Chetan Nag, Pp. 15975-15984

A review of the bacular morphology of some Indian bats (Mammalia: Chiroptera)
— Bhargavi Srinivasulu, Harpreet Kaur, Tarig Ahmed Shah, Gundena Devender, Asad Gopi,
Sreehari Raman & Chelmala Srinivasulu, Pp. 15985-16005

Status of the Critically Endangered Bengal Florican Houbaropsis bengalensis (Gmelin,
1789) in Koshi Tappu Wildlife Reserve, Nepal

— Hem Sagar Baral, Tek Raj Bhatt, Sailendra Raj Giri, Ashok Kumar Ram, Shyam Kumar Shah,
Laxman Prasad Poudyal, Dhiraj Chaudhary, Gitanjali Bhattacharya & Rajan Amin,

Pp. 16006-16012

Observations on breeding behaviour of a pair of endangered Egyptian Vultures Neophron
percnopterus (Linnaeus, 1758) over three breeding seasons in the plains of Punjab, India
— Charn Kumar, Amritpal Singh Kaleka & Sandeep Kaur Thind, Pp. 16013-16020

Additions to the cicada (Insecta: Hemiptera: Cicadidae) fauna of India: first report and
range extension of four species with notes on their natural history from Meghalaya
—Vivek Sarkar, Cuckoo Mahapatra, Pratyush P. Mohapatra & Manoj V. Nair, Pp. 16021-16042

The perceptions of high school students on the habitat of the crab Ucides cordatus
(Linnaeus, 1763) (Crustacea: Decapoda: Ucididae) in northern Rio de Janeiro State,
southeastern Brazil

— Laiza Fernanda Quintanilha Ribeiro, Laura Helena de Oliveira Cértes & Ana Paula Madeira
Di Beneditto, Pp. 16043—-16047

Woody species diversity from proposed ecologically sensitive area of northern Western
Ghats: implications for biodiversity management
— M. Tadwalkar, A. Joglekar, M. Mhaskar & A. Patwardhan, Pp. 16048-16063

Resolving taxonomic problems in the genus Ceropegia L. (Apocynaceae: Asclepiadoideae)
with vegetative micromorphology
— Savita Sanjaykumar Rahangdale & Sanjaykumar Ramlal Rahangdale, Pp. 16064-16076

A checklist of angiosperm flora of low elevation lateritic hills of northern Kerala, India
— K.A. Sreejith, V.B. Sreekumar, P. Prashob, S. Nita, M.P. Prejith & M.S. Sanil, Pp. 16077—
16098

Phytodiversity of chasmophytic habitats at Olichuchattam Waterfalls, Kerala, India
— Arun Christy & Binu Thomas, Pp. 16099-16109

Contribution to the macromycetes of West Bengal, India: 51-56
— Diptosh Das, Entaj Tarafder, Meghma Bera, Anirban Roy & Krishnendu Acharya,
Pp. 16110-16122

Short Communications

Catalogue of herpetological specimens from peninsular India at the Salim Ali Centre for
Ornithology & Natural History (SACON), India

—S.R. Ganesh, S. Bhupathy, P. Karthik, G. Babu Rao & S. Babu, Pp. 16123-16135
Osteological description of Indian Skipper Frog Euphlyctis cyanophlyctis (Anura:
Dicroglossidae) from the Western Ghats of India

— Pankaj A. Gorule, Sachin M. Gosavi, Sanjay S. Kharat & Chandani R. Verma, Pp. 16136—
16142

Member

‘EN

The Journal of Threatened Taxa (JoTT) is dedicated to building evidence for conservation globally by
publishing peer-reviewed articles online every month at a reasonably rapid rate at www.threatenedtaxa.org.
All articles published in JOTT are registered under Creative Commons Attribution 4.0 International License
unless otherwise mentioned. JoTT allows allows unrestricted use, reproduction, and distribution of articles
in any medium by providing adequate credit to the author(s) and the source of publication.

ISSN 0974-7907 (Online) | ISSN 0974-7893 (Print)
June 2020 | Vol. 12 | No. 9 | Pages: 15967-16194

Date of Publication: 26 June 2020 (Online & Print)
DOI: 10.11609/jott.2020.12.9.15967-16194

DNA barcode reveals the occurrence of Palearctic Olepa schleini Witt et al., 2005
(Lepidoptera: Erebidae: Arctiinae) from peninsular India with morphological variations
and a new subspecies

— Aparna Sureshchandra Kalawate, Shital Pawara, A. Shabnam & K.P. Dinesh, Pp. 16143—
16152

Present status of the genus Sphrageidus Maes, 1984 (Lepidoptera: Erebidae:
Lymantriinae) from India
— Amritpal Singh Kaleka, Devinder Singh & Gagan Preet Kour Bali, Pp. 16153-16160

Early stages of Nilgiri Grass Yellow Eurema nilgiriensis (Yata, 1990) (Lepidoptera:
Pieridae), with a note on its range extension in the Kerala part of the Western Ghats,
India

— Balakrishnan Valappil & V.K. Chandrasekharan, Pp. 16161-16165

Notes

Breeding site records of three sympatric vultures in a mountainous cliff in Kahara-
Thathri, Jammu & Kashmir, India
— Muzaffar A. Kichloo, Sudesh Kumar & Neeraj Sharma, Pp. 16166—-16169

First distribution record of Elongated Tortoise Indotestudo elongata (Blyth, 1853)
(Reptilia: Testudines: Testudinidae) from Bihar, India

— Arif, Sourabh Verma, Ayesha Mohammad Maslehuddin, Uttam, Ambarish Kumar Mall,
Gaurav Ojha & Hemkant Roy, Pp. 16170-16172

The niche of shrimp stocks (Xiphopenaeus kroyeri Heller, 1862) from southeastern
Brazil: a stable isotope approach

— Keltony de Aquino Ferreira, Leandro Rabello Monteiro & Ana Paula Madeira Di
Beneditto, Pp. 16173-16176

First record of the White Tufted Royal Pratapa deva lila Moore, [1884] (Lepidoptera:
Lycaenidae: Theclinae) from Himachal Pradesh, extending its known range westwards
— Sanjay Sondhi, Pp. 16177-16179

Range extension of the Lilac Silverline Apharitis lilacinus to southern Rajasthan and a
review of the literature
—K.S. Gopi Sundar, Swati Kittur, Vijay Kumar Koli & Utkarsh Prajapati, Pp. 16180-16182

A record of gynandromorphism in the libellulid dragonfly Crocothemis servilia (Insecta:
Odonata) from India
—R.V. Renjith & A. Vivek Chandran, Pp. 16183-16186

Carcass consumption by Nasutitermes callimorphus (Blattodea: Isoptera) in highland
forests from Brazil

— Igor Eloi, Méario Herculano de Oliveira & Maria Avany Bezerra-Gusmao, Pp. 16187—
16189

New records of nasutiform termite (Nasutitermitinae: Termitidae: Isoptera) from
Meghalaya, India

— Khirod Sankar Das & Sudipta Choudhury, Pp. 16190-16192

Corrigendum

Corrections to A citizens science approach to monitoring of the Lion Panthera leo

(Carnivora: Felidae) population in Niokolo-Koba National Park, Senegal
— Dimitri Dagorne, Abdoulaye Kanté & John B. Rose, Pp. 16193-16194

Publisher & Host

-ﬂ”‘
,:.‘l"-’
AN

Threatened Taxa



https://www.threatenedtaxa.org
https://www.threatenedtaxa.org/
http://creativecommons.org/licenses/by/4.0/
https://freejournals.org
http://zooreach.org/?page_id=2
http://zooreach.org
http://creativecommons.org/licenses/by/4.0/

	Blank Page



