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INTRODUCTION 
 
The world-wide distributed chiropteran family 

Vespertilionidae contains many specious genera 
including the genus Myotis Kaup, 1829, with 139 
congeneric bat species (Simmons and Cirranello, 
2025). However, there are also small and less known 
genera which comprise only few species. Among 
them are the Southeast Asian Glischropus Dobson, 
1875, and Tylonycteris Peters, 1872, which before 
recent taxonomic revisions using DNA sequencing 
data were thought to comprise only two species each, 
G. javanus Chasen, 1939, and G. tylopus (Dobson, 
1875) as well as T. pachypus (Temminck, 1840) and 
T. robustula Thomas, 1915 (see Corbet and Hill, 
1980). The members of both genera exhibit spe-
cialized morphological adaptations, fleshy pads on 
thumbs and feet, for a better grip onto the smooth 

surface of their roosting habits. However, despite the 
shared adaptations, Glischropus and Tylonycteris 
belong to different vespertilionid tribes, Pipistrellini 
and Vespertilionini, respectively (Volleth and Heller, 
1994; Volleth et al., 2001) indicating these traits 
evolved independently. 

For the genus Glischropus, three new species 
from different geographical regions were described 
recently. This include G. bucephalus Csorba, 2011, 
from Indochina, G. aquilus Csorba et al., 2015, 
which is known only from one locality on Sumatra, 
and G. meghalayanus Saikia et al., 2022, from India. 
These taxa were recognized as separate species based 
on molecular or morphological differences to G. tylo-
pus and javanus (Csorba, 2011; Csorba et al., 2015; 
Saikia et al., 2022). The distributional area of  
G. tylopus as currently understood comprises the 
Malayan peninsula (south of the Isthmus of Kra), 
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The number of recognized bat species has increased rapidly in the recent years, mainly as the result of integrative approaches 
anchored on new molecular data sets. In many cases, species with wide distributional areas were found to harbour cryptic taxa. This 
applies to the Southeast Asian genera Glischropus and Tylonycteris which originally comprised only two species each. Currently, 
both genera are thought to include five and six species, respectively. Our karyological analyses from Glischropus and Tylonycteris 
specimens collected from Borneo revealed profound differences among conspecifics from the Peninsular Malaysia. The Bornean  
G. tylopus with 2n = 26 in the female karyotype differs clearly from the 2n = 31/30 (male/female) chromosomal complement 
observed in specimens from Peninsular Malaysia. Similarly, the T. pachypus specimen from Borneo with 2n = 30 is cytogenetically 
distinct from the 2n = 46 karyotype found in specimens from Selangor, Peninsular Malaysia. These findings challenge the 
assumption that Tylonycteris fulvida which showed 2n = 30 in Chinese specimens is present in Peninsular Malaysia. By 
incorporating data from the literature, we provide an updated chromosomal phylogeny for the genus Tylonycteris highlighting the 
need for further taxonomic revisions in the group. 
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North Sumatra, Borneo, Palawan and Bacan islands 
(Burgin, 2019a) while G. javanus remains known 
only from its type locality in Java. 

The formerly clear-cut situation in the genus 
Tylonycteris with only two species, a larger and  
a smaller form, was considerably modified by the 
results of recent studies. The first change occurred by 
description of a species notably smaller than its 
congeners, T. pygmaea Feng, Li and Wang, 2008, 
from Yunnan, China (Feng et al., 2008). Further, the 
large-sized T. robustula described by Thomas, 1915, 
from Sarawak (Borneo) and thought to be widespread 
across eastern Asia was found to comprise three 
different species. Based on mitochondrial and nuclear 
DNA sequences, a new species from Vietnam,  
T. tonkinensis Tu, Csorba, Ruedi, and Hassanin, 
2017, was described and the former robustula 
subspecies, T. malayana Chasen, 1940, was elevated 
to species rank (Tu et al., 2017). However, the exact 
distributional limit between tonkinensis and mala-
yana is currently uncertain (Burgin, 2019b). The 
remaining distributional area for the species T. ro-
bustula comprises now the Philippines and the 
islands of Sumatra, Borneo, Java, Bali, Lombok, and 
Sulawesi (Burgin, 2019b). Further, the molecular 
study of Tu and colleagues resulted in the elevation 
of the former pachypus subspecies fulvida (Blyth, 
1859), type locality Burma, to species rank (Tu et al., 
2017). It was suggested that T. fulvida is distributed 
with two subspecies from Nepal and north-east India 
through mainland Southeast Asia including the 
Malayan Peninsula (ssp. fulvida), and south India 
(ssp. aurex Thomas, 1915) (Tu et al., 2017; Sharma 
et al., 2019). However, the distributional limits  
of T. f. fulvida and T. pachypus have not been 
thoroughly investigated and are thus considered 
putative (Burgin, 2019b). The taxon T. pachypus as 
currently understood comprises three subspecies  
and is distributed on the Philippines and the islands 
of Borneo, Sumatra, Java, Bali, and Lombok (Bur-
gin, 2019b). Summing up, the genus Tylonycteris  
is currently composed of three smaller-sized and 
three larger-sized species (Simmons and Cirranello, 
2025).  

Karyotype comparison is a useful tool to detect 
cryptic diversity in Bornean bat species and their 
conspecifics from Peninsular Malaysia. As an ex-
ample, the karyotype of the horseshoe bat Rhino- 
lophus sedulus K. Andersen, 1905, from Borneo with 
2n = 45 in males differed clearly from the 2n = 28 
chromosomal complement found in specimens from 
Peninsular Malaysia. Consequently, the Malayan 
specimens were described as a new species, R. yong-
hoiseni (Volleth et al., 2021). 

The aim of the present study was to describe the 
karyotypes of Bornean specimens belonging to the 
genera Glischropus and Tylonycteris. Profound dif-
ferences in chromosomal number between Bornean 
and Malayan specimens point to the existence of 
cryptic species for which specific names are presently 
unavailable (see Discussion). In addition, we propose 
corrections to species attribution in Tylonycteris taxa 
from earlier karyotypic studies to reconcile karyotype 
data with the current taxonomy. 

 

MATERIALS AND METHODS 
 

Specimens Examined 
 
The specimens were collected on the expedition conducted 

by Texas Tech University (TTU) and Universiti Malaysia Sara-
wak (UNIMAS) to Peninsular Malaysia and Borneo in 2006 
(Khan et al., 2008). The sampling localities and collection num-
bers are listed in Table 1. Species determination was based on 
morphological criteria. 

Permission to conduct research in Malaysia in 2006 was 
given by Economic Planning Unit UPE: 40/200/19/1466, The 
Sabah Parks Trustees (SP), Sarawak Forestry Department (SFD), 
Sarawak Forestry Corporation (SFC) and Department of Wildlife 
and National Parks (DWNP). 

 
Cytogenetic Procedures 

 
Bone marrow preparations were made following the protocol 

for karyotyping under field conditions (Baker et al., 2003). 
Differential staining methods (GTG-bands, QFQ-bands, CBG-
bands) were carried out according to Volleth et al. (2009). The 
localization of active nucleolus organizer regions (AgNORs) was 
done according to Volleth (1987). Identification of chromosomal 
arms was based on results of fluorescence in-situ hybridization 
(FISH) experiments and comparison of the G-banding pattern 
with related vespertilionid genera. 

For FISH, the same set of Myotis myotis paints as reported 
in Ao et al. (2006) was used. In addition, selected probes from 
the tree shrew (TBE5, TBE19 ― Müller et al., 1999) and the 
Black lemur (EMA10, EMA12 ― Müller et al., 1997) were used 
to distinguish segments painted with the probes containing two 
Myotis chromosomes, i.e. MMY16/17+21 and MMY24+25 
(details can be found in Volleth et al., 2011). Procedures were 
done as described in Volleth et al. (2017) with the following 
modifications. To remove cytoplasm, slides were pretreated with 
0.0025% pepsin for 2.5 to 4 min. Denaturation time at 72°C in 
70% formamide / 2x SSC varied from 10 to 20 min. For the two-
colour experiments, the biotinylated DNA probe was detected by 
Avidin-FITC and the digoxigenin-labelled probe was visualized 
by mouse-anti-Dig-Cy3 antibodies (Jackson ImmunoResearch). 
For detection, the slides were first incubated in Avidin-FITC for 
60 min at 37°C. After amplification of the signal with biotinylated 
anti-avidin at a dilution of 1:100 for 45 min., incubation with 
Avidin-FITC was repeated for 45 min. 

 
DNA-based Species Assignment of Specimens Used 
for the Chromosomal Phylogeny 

 
The taxonomic changes in the genus Tylonycteris (see 

Introduction) required the revision of the species assignment of 
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previously karyotyped Tylonycteris specimens from China. For 
this task we cross-referenced available data for specimen 
provenance, chromosome data and information deposited in 
GenBank as follows: the karyotype of a small-sized Tylonycteris 
specimen from Yunnan, China, with 2n = 30 was published under 
T. spec. (Ao et al., 2006). Comparison of COI sequences of  
a different specimen from Yunnan (OR467339 ― X. M. Yan, 
2023, submitted to GenBank) with T. fulvida from the northern 
part of Laos (KX496524 ― Tu et al., 2017) revealed about 99% 
similarity. We therefore conclude that the karyotyped Chinese 
sample represents T. fulvida. 

Also from Yunnan, the karyotype of a large-sized Tylonyc-
teris with 2n = 32 was published under the name T. robustula 
(Ao et al., 2006). Meanwhile, the cytochrome b (cyt b) sequence 
of a different specimen from Yunnan was published in GenBank 
(MN366287 ― Liang et al., 2021a). Our DNA sequence 
comparison of this sequence with a sample of T. tonkinensis from 
Laos (KX496441 ― Tu et al., 2017) revealed a similarity of more 
than 99%. Also, this sequence was shown to group with other  
T. tonkinensis from the species-specific distributional area in  
a publication on Chinese Tylonycteris specimens (Liang et al., 
2021b). Therefore, the karyotyped specimen from Yunnan can 
be classified as T. tonkinensis.  

 

RESULTS  
 

Karyotype Description of Glischropus tylopus 
(Pipistrellini) 

 
The diploid chromosome number of all four 

Bornean female specimens was 2n = 26 with  
a fundamental number of autosomal arms (FNa) of 
50. The female chromosomal set was composed of 
11 meta- to submetacentric and two subtelocentric 
chromosomal pairs. One of the submetacentric pairs 
proved to be an X-autosomal translocation chromo-
some with X chromosomal material on the long arm 
and material homologous to Myotis chromosome 
MMY23 on the short arm. As only females were 
studied, the Y chromosomes remain unknown. The 
G-banded karyotype is shown in Fig. 1 with homol-
ogy to Myotis myotis indicated. The arm combi- 
nations of 10 out of the 13 bi-armed elements were 
confirmed by FISH with MMY probes (two ex-
amples are shown in Fig. 2A and 2B). None of the 
metacentric chromosomes found in the genus Myotis 
and the proposed vespertilionid ancestral karyotype 
(1/2, 3/4, 5/6, 16/17) were present in Glischropus. 
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TABLE 1. Specimens examined (only females). Abbreviations: FA ― forearm length; nk ― not known; TTU-M ― accession number 
of mammal collection of the Texas Tech University Museum

      Species               Specimen                                                                  Location                                                             FA (mm) 

G. tylopus             TTU-M108243        Sabah, Monggis Sub Station of Kinabalu National Park, 6°12’N; 116°47’E             nk 
                             TTU-M108368        Sarawak, Mount Penrisen, 1°07’N; 110°13’E                                                             30 
                             TTU-M108370        Sarawak, Mount Penrisen, 1°07’N; 110°13’E                                                             30 
                             TTU-M108398        Sarawak, Mount Penrisen, 1°07’N; 110°13’E                                                             26 

T. pachypus          TTU-M108386        Sarawak, Mount Penrisen, 1°07’N; 110°13’E                                                             nk

FIG. 1. GTG-banded karyotype of G. tylopus (female TTU-
M108370) with homologies to M. myotis (MMY) indicated at 
the right side of each pair. Numbers in bold indicate that the  
G-band homology has been confirmed by FISH with MMY 
whole chromosome painting probes. Five pairs which differ in 
composition from those in the karyotype of Peninsular Malaysia 
specimens are indicated by underlining of the pair number.  

The arrow points to the location of the single NOR site

Instead, these chromosomal arms were found in 
derived bi-armed chromosomes in G. tylopus.  

Heterochromatin was restricted to centromeric 
regions. The NORs were located at the secondary 
constriction on the short arm of chromosome 2, 
homologous to MMY15. AgNOR staining revealed 
two active NORs per cell in specimen TTU-
M108368 (mean of 5 metaphase spreads) and 1.2 
NORs per cell in specimen TTU-M108398 (mean of 
15 metaphase spreads). 

 
Karyotype Description of Tylonycteris pachypus 
from Borneo (Vespertilionini) 

 
The karyotype of T. pachypus from Borneo 

consisted of 2n = 30 chromosomes with FNa = 50. 
There were 11 meta- to submetacentric and three 
small acrocentric autosomal pairs. The X chromo-
some was also acrocentric. The Y chromosome 

Downloaded From: https://bioone.org/journals/Acta-Chiropterologica on 02 Sep 2026
Terms of Use: https://bioone.org/terms-of-use



remains unknown as there was only one female 
studied. Fig. 3 shows a G-banded karyotype with 
homology to Myotis myotis indicated. The homology 
of the bi-armed pairs as revealed by FISH with 
Myotis myotis (MMY) probes was stated as follows: 
1/2, 3/4, 5/6, 7/14 (Fig. 2C), 8/13, 10/11, 9/23, 12/20, 
15/22 (Fig. 2D), 16/17, and 18/19. The acrocentric 
chromosomal pairs were found to be homologous  
to Myotis chromosomes MMY21, MMY24, and 
MMY25. After CBG-banding, heterochromatin was 
only found at the clearly stained centromeres (Fig. 
4A). Sequential staining with quinacrine (QFQ 
staining) and AgNO3 (AgNOR staining) detected  
a single NOR site at the secondary constriction close 
to the centromere on the long arm of pair 9, homo-
logous to MMY15 (Fig. 4B). A mean value of 1.9 
active NORs per cell was recorded (10 metaphase 
spreads analysed). 

DISCUSSION 
 

Karyotype Evolution in the Genus Glischropus 
 
Currently, five species of the genus Glischropus 

are recognized (Simmons and Ciranello, 2025).  
In addition to the long-known species G. tylopus 
and G. javanus, three species have been recently de-
scribed, i.e. G. bucephalus from Indochina (Csorba, 
2011), G. aquilus from Sumatra (only one speci- 
men known ― Csorba et al., 2015) and G. megha-
layanus from India (Saikia et al., 2022). Of note, 
phenotypic and molecular genetic studies point to  
a close relationship of the genus Glischropus to the 
Asian members of the genus Pipistrellus [‘Eastern 
clade’ ― e.g., Kruskop et al. (2018) and Zhukova et 
al. (2022, 2023) proposing a new genus for the 
eastern clade]. 
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FIG. 2. FISH examples showing the hybridization patterns of MMY chromosome-specific painting probes onto metaphase spreads 
of G. tylopus (A, B), and T. pachypus (C, D). The probes applied were: A — MMY X (green) and MMY23 (red) showing the  
X-autosomal translocation in Glischropus; B — MMY18+19 (green) and MMY11 (red) showing the Robertsonian fusion product 
11/18 (and MMY19 homologous chromosomal arms); C — MMY15 (red) and MMY22 (green) disclosing a Robertsonian fusion in  
T. pachypus; and D — MMY7 (red) and MMY14 (green) detecting a Robertsonian fusion in T. pachypus. The numbers within each 
picture detail the identity of chromosomal pairs showing hybridizatin signals. Black background and blue DAPI structures were  

inverted into white and grey colour, respectively
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Until the present study, the Malayan specimens of 
G. tylopus have been the only representatives to be 
characterized cytogenetically out of the five currently 
recognized Glischropus species (Volleth and Yong, 
1987; Volleth et al., 2001). It was shown that all 
chromosomal features characterizing the tribe Pipi-
strellini were also found in Glischropus tylopus from 
Peninsular Malaysia (Volleth et al., 2001). As an out-
standing feature, an X-autosomal translocation 
between the X chromosome and an autosomal arm 

homologous to Myotis chromosome MMY23  
was found (Volleth et al., 2001). As a result, the 
chromosomal number of females and males differ in 
Glischropus from Peninsular Malaysia. Females 
show 2n = 30, whereas males have 2n = 31 (Volleth 
and Yong, 1987; Volleth et al., 2001). In the present 
study, an identical X-autosome-translocation was 
found in the karyotype of Glischropus tylopus 
specimens from Borneo, despite different number  
of autosomes. The Bornean females studied showed 
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FIG. 4. A — CBG-stained metaphase spread of T. pachypus with the acrocentric X chromosomes indicated. Please note the bi-armed 
condition of TPA12 in contrast to the acrocentric shape of TPA11; B — Active NORs (arrows) revealed by AgNOR-staining in  

T. pachypus

FIG. 3. GTG-banded karyotype of T. pachypus from Borneo (female TTU-M108386) with homologies to M. myotis (MMY) indicated 
at the right side of each pair. Numbers in bold indicate that the G-band homology has been confirmed by FISH with MMY whole  

chromosome painting probes. The arrow shows the location of the single NOR site
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2n = 26. For the males, we would expect a karyotype 
with 2n = 27. However, in the very rare case of an 
additional Y-autosomal translocation, the males could 
also have a 2n = 26. In addition to the differences in 
2n, specimens from Peninsular Malaysia and Borneo 
are distinguished by the composition of bi-armed 
chromosomes. From the 12 autosomal pairs in the 
karyotype of the Bornean specimens, the following 
five chromosomal arm combinations differ from 
those found in the specimens from Peninsular 
Malaysia: 5/19, 6/17, 8/22, 10/25, and 11/18 (see Fig. 
1 for details). The reduction from a 2n = 30 female 
karyotype found in Peninsular Malaysia to a 2n = 26 
chromosomal complement in the females from 
Borneo was therefore not reached by the theoretically 
simplest way of two Robertsonian fusions. In this 
scenario we proposed that about eight chromosome 
breaks have been required to generate a derived 
karyotype distinguishing both lineages (four centric 
fusion/fission events and one whole arm reciprocal 
translocation which is equivalent to two fissions and 
two fusions). 

Molecular studies in the genus Glischropus 
revealed sequence divergence in cyt b between  
G. bucephalus, G. tylopus and G. aquilus in a range 
from 12% to 17% and are thus supporting the 
morphologically revealed specific distinctness (Csor-
ba et al., 2015). Surprisingly, only a 5% sequence 
divergence was noted between G. tylopus from 
Borneo and Peninsular Malaysia (compared by 
Csorba et al., 2015, using the data from Heaney et 
al., 2012 and Khan et al., 2008). Our cytogenetic 
analysis, however, revealed such large differences 
between the karyotypes of the specimens from Bor-
neo and Peninsular Malaysia that: 1) reconciliation 
and pairing of homologs in hypothetical hybrids 
would require formation of extensive meiotic chains, 
thus 2) in the absence of hybrids in natural popu-
lations, recognition of two separate species seems to 
be justified. In this case, the name tylopus would be 
kept for the specimens from Borneo as the type 
locality of Vesperugo tylopus Dobson, 1875, is North 
Borneo. 

 
Karyotype Evolution in the Genus Tylonycteris 

 
The bamboo bats, genus Tylonycteris, belong to 

the vespertilionid tribe Vespertilionini which can be 
distinguished by chromosomal synapomorphies from 
the Pipistrellini to which the genus Glischropus 
belongs (Volleth et al., 2001). At present, three 
smaller-sized Tylonycteris species are recognized,  
T. pygmaea, T. fulvida and T. pachypus. Tylonycteris 
pygmaea is known only form the type locality in the 

Chinese province of Yunnan (Feng et al., 2008) and 
was neither studied with cytogenetic nor with 
molecular methods. Tylonycteris fulvida shows  
a disjunct distribution and comprises two subspecies. 
The smaller territory in south-western India is 
inhabited by T. f. aurex for which genetic data are 
missing. The subspecies T. f. fulvida, however, is 
currently thought to be distributed from north-east 
India and Nepal to mainland Southeast Asia in-
cluding the Malayan peninsula (Tu et al., 2017, 
Sharma et al., 2019). As a result of these recent 
investigations, the distributional area of the third 
species, T. pachypus is thought to be restricted to 
islands south of the Malayan peninsula. Three 
subspecies of T. pachypus were recognized, T. p. 
pachypus (Temminck, 1840) from Sumatra and Java, 
T. p. bhaktii Oey, 1960, from Bali, Lombok and 
tentatively Ambon Island, and finally the subspecies 
T. p. meyeri Peters,1872, from the Philippines. The 
subspecific identity of the Bornean specimens is 
uncertain (Burgin, 2019b). However, as DNA data 
from these regions are scarce, the distributional limits 
between T. pachypus and T. fulvida are considered 
putative (Burgin, 2019b). 

A compilation of data from cytogenetic studies in 
small-sized Tylonycteris revealed three clearly 
different karyotypes with 2n = 46 (Peninsular 
Malaysia: Yong et al., 1971), 2n = 30 (China: Ao et 
al., 2006), and 2n = 30 (Borneo: present study), 
detailed as follows. Firstly, in 1971, small-sized  
T. pachypus specimens from Peninsular Malaysia 
were reported to have a diploid number of 2n = 46 
using Giemsa staining (Yong et al., 1971). Using 
specimens from the same locality, a G-banded 
karyotype with 2n = 46 was subsequently published 
for T. pachypus (Volleth et al., 2001). However, in 
that publication only a haploid set of chromosomes 
was depicted in a comparative image against the 
karyotype of the large T. robustula (2n = 32) and in 
addition the description in the figure legend had 
misassignment of the two chromosome sets (Volleth 
et al., 2001: Fig. 9). For clarification and to prevent 
misinterpretation of the previous publication, the 
karyotype of T. pachypus with 2n = 46 from Penin-
sular Malaysia is shown in the present study (Fig. 5) 
as a complete diploid set from the same metaphase 
spread as in Volleth et al. (2001).  

Secondly, a karyotype with 2n = 30 was described 
from a pygmy bamboo bat from China which was 
called T. spec. due to the obvious chromosomal 
differences to the specimens from Malaysia (Ao et 
al., 2006). The G-banded karyotype of the Chinese 
specimen assigned to T. p. fulvidus depicted in Huang 
et al. (2014) seems to be identical to that of the 
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specimen published by Ao et al. (2006). Therefore, 
due to the difference in chromosomal number, 2n = 
30 in the Chinese specimens and 2n = 46 in those 
from Peninsular Malaysia, it is obvious that the 
studied specimens from Ulu Gombak, Selangor 
(Peninsular Malaysia), do not belong to T. fulvida. 
Finally, the karyotype of the specimen from Borneo 
presented here (2n = 30, Fig. 3) differs from the 
karyotype of the specimens from Peninsular Malay-
sia (2n = 46, Fig. 5). As the karyotype of T. fulvida, 
the chromosomal complement of the Bornean speci-
men consists also of 30 chromosomes, but differs  
by the composition of one bi-armed chromosomal 
pair. Based on the discussion above, in Malaysia  
two different karyotypes composed of 2n = 46 and 
2n = 30 chromosomes, respectively, were found in 
smaller-sized Tylonycteris taxa for which only one 

species name is available, T. pachypus. However, the 
locus typicus of this species is Java (following Tate, 
1942). Unfortunately, neither cytogenetic nor molec-
ular genetic studies have been undertaken yet on 
specimens from Java to link the name to one or none 
of the observed chromosomal species. Molecular 
investigations from the whole distributional range of 
T. pachypus would be key to solve this problem. 

Three different species are currently recognized 
in the large-sized Tylonycteris, T. robustula, T. mala-
yana and T. tonkinensis. Conventionally stained 
karyotypes of large-sized specimens, formerly 
assigned to T. robustula, have been published with 
2n = 32 karyotypes from China to Malaysia 
(Malaysia: Yong et al., 1971; Thailand: Harada et al., 
1985, McBee et al., 1986; China: Huang et al., 2014; 
Zhang et al., 2014). Comparative chromosomal 
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FIG. 5. GTG-banded karyotype of T. pachypus from Peninsular Malaysia, 2n = 46 (SMF 69305), with homologies to M. myotis 
(MMY) indicated at the left side of each chromosomal pair, except for pair 3 where homology is shown at the right side. According 
to the G-band pattern, the proximal part of the acrocentric X chromosome is homologous to the long arm of the metacentric Myotis  

X chromosome, and the distal part is homologous to the short arm of the Myotis X. 
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studies (G-banding, FISH with Myotis myotis whole 
chromosome painting probes) of large-sized Tylo-
nycteris from Peninsular Malaysia and China 
revealed identical composition of chromosomal  
arms in the 2n = 32 karyotypes (Volleth et al., 2001; 
Ao et al., 2006). The Chinese karyotyped specimens 
from Yunnan can be assigned to T. tonkinensis 
according to DNA sequence comparison between  
a different specimen from this region and those from 
Laos (Tu et al., 2017; Liang et al., 2021a). Also, 
morphological and molecular studies confirmed the 
presence of T. tonkinensis in several Chinese prov-
inces, including Yunnan (Liang et al., 2021b). 

In contrast to the well-studied regions in Indo-
china (Vietnam, Laos and Cambodia), where the 
distribution of the respective Tylonycteris species, 
tonkinesis and malayana is quite clear (Tu et al., 
2017), the south-western region comprising the 
Malayan peninsula and islands of Sumatra and 
Borneo lacks substantial molecular data. We thus 
consider not only the distributional limits between  
T. tonkinensis and T. malayana as uncertain (Burgin, 
2019b), but also between T. malayana and T. robu-
stula. For this reason, we will keep the name  
T. robustula for the karyotyped specimens from 
Peninsular Malaysia, province Selangor, until further 
clarification on species assignment for this region. 

The karyotype evolution in the genus Tylo- 
nycteris, depicted in Fig. 6, was driven by Ro-
bertsonian (centric) fusions. The last common 
ancestor of the tribe Vespertilionini is presumed to 

have had a 2n = 44 karyotype with four bi-armed 
autosomal pairs (1/2, 3/4, 5/6, and 16/17) and  
a metacentric X chromosome. A similar karyotype 
was found in Hypsugo savii (Bonaparte, 1837) 
(Volleth et al., 2001). The genus Tylonycteris is 
characterized by four synapomorphic fusion chro-
mosomes (9/23, 10/11, 12/20, and 18/19) and  
a pericentric inversion on the X chromosome, 
resulting in an acrocentric shape of the X. The 2n = 
32 karyotype of the large-sized Tylonycteris species 
comprises two additional fusion chromosomes (8/14 
and 13/15). The small-sized Tylonycteris species,  
T. fulvida and T. pachypus from Borneo, however, 
also share two fusion chromosomes (7/14 and 8/13) 
which differ from those of the large-sized taxa. Using 
parsimony and based on their phylogenetic relation-
ships, the 2n = 46 karyotype of T. pachypus from 
Peninsular Malaysia is proposed to have originated 
from a 2n = 30 chromosomal complement by seven 
centric fissions. Only three bi-armed autosomal pairs 
are remaining in the acrocentric-dominated karyotype 
of this taxon (see bold lettering on Fig. 6). Of them, 
two bi-armed pairs represent synapomorphies of the 
genus Tylonycteris, the third is an ancestral element. 
Such an increase of the chromosomal number by 
centric fissions, from 2n = 30 in the related species 
to 2n = 46, might be an example of karyotypic 
orthoselection. This term, coined by M. J. D. White, 
implies the repeated occurrence of the same type  
of rearrangement in the same species (White,  
1978). 
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FIG. 6. Chromosomal phylogeny of Tylonycteris species. Synapomorphic and autapomorphic chromosomal characters are shown  
on the branches by numbers indicating chromosomal arms homologous to the vespertilionid Myotis myotis. Inside the box at the  
left, the metacentric chromosomes of the presumed Vespertilionini ancestor are indicated. Bold lettering indicates those three  
bi-armed pairs which are remaining in the acrocentric dominated karyotype of T. pachypus from Peninsular Malaysia. A slash 
between two numbers indicates that both chromosomal arms are connected by a centromere after a centric fusion. XM ― metacentric 
X chromosome; XA ― acrocentric X. Letters to the right indicate the author: A ― Volleth et al. (2001); B ― this study; C ― Ao  

et al. (2006). Abbreviations: BO ― Borneo; fis ― fission; PM ― Peninsular Malaysia
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In conclusion, in addition to the five currently 
recognized Glischropus species, a cryptic species 
from Peninsular Malaysia was detected based on 
differences in the karyotype to that of G. tylopus from 
the type locality Borneo. The species complex of the 
small-sized T. pachypus s.l. comprises four species, 
T. pygmaea, T. fulvida, T. pachypus (Borneo) and  
T. pachypus (Peninsular Malaysia). With exception 
of T. pygmaea, for which the karyotype is currently 
unknown, each taxon showed its own, distinct 
karyotype. Due to the absence of material from the 
type locality of T. pachypus, Java, the geographical 
distribution of this species and hence the assignment 
of the above mentioned Tylonycteris pachypus 
populations to certain species remains unsolved. The 
presented results show that more intense sampling 
and examination of further specimens would be 
highly desirable to clarify open questions. 
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