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Abstract

The genus Adenomera Steindachner, 1867 currently comprises 29 nominal species, some of which are sug-
gested to be cryptic species complexes. The present study was carried out with specimens of the “thome:”
clade that encompasses three taxa distributed in the Atlantic Forest biome: Adenomera thomei Almeida
et Angulo, 2006, Adenomera sp. L., and Adenomera sp. M. We used classical cytogenetics to describe
the diploid number and karyomorphology of these three species collected in two different locations in
the state of Bahia, Brazil. Our results revealed the diploid number 2n = 24 (FN = 34) with two pairs of
metacentric chromosomes (pairs 1 and 5), three pairs of submetacentric chromosomes (pairs 2, 3, and 4),
and seven pairs of telocentric chromosomes (pairs 6, 7, 8,9, 10, 11, and 12). Further morphological, bio-
acoustic, and cytogenetic data (C-banding and AgNor) are needed to better delineate the lineages within
the “thomei” clade.
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Introduction

The genus Adenomera Steindachner, 1867 currently comprises 29 described species that
are distributed from tropical South America to the east of the Andean region (Carvalho
etal. 2021). Due to the history of systematic reviews and the complex taxonomy of this
group, taxonomic knowledge has not kept pace with the knowledge on its phylogeny
(Duellman 2005; Menin et al. 2008; Fouquet et al. 2014). Out of the several hurdles for
taxonomic studies on this genus, we highlight the high intra and interspecific similarities
and the presence of cryptic species complexes (Fouquet et al. 2014). The difficulty in-
creases when studies use only molecular data, disregarding other characteristics and mak-
ing the interpretation of results less accurate (Pyron and Wiens 2011; De Sd et al. 2014).
Cytogenetic studies on the genus Adenomera date from the 1970s (Bogart 1970,
1974) when the karyotypes of Adenomera andreae (Miiller, 1923), Adenomera hylaedactyla
(Cope, 1868), Adenomera lutzi Heyer, 1975, and Adenomera marmorata (Steindachner,
1867) were described. However, the volume of cytogenetic information for the genus
has not significantly advanced over these five decades. Campos et al. (2009) described
the karyotypes of individuals from western Sao Paulo associating them with the nomi-
nal species Adenomera aff. bokermanni Heyer, 1973, A. hylaedactyla, and A. marmorata.
Additionally, the karyotype of Adenomera diptyx (Boettger, 1885) was described by Zara-
cho and Hernando (2011). Thus, there is cytogenetic information for only five species
among the 29 species described for this genus. Therefore, the small number of described
karyotypes makes it difficult to both understand the chromosomal evolution of the ge-
nus and to better delimit species (Campos et al. 2009; Zaracho and Hernando 2011).
Among the clades within the genus Adenomera, the species of the thomei clade,
Adenomera thomei Almeida and Angulo (2006), Adenomera sp. L, and Adenomera sp.
M, are restricted to the Atlantic Forest in Brazil. Adenomera thomei was described from
specimens collected in a cocoa plantation in the municipality of Linhares in the state of
Espirito Santo (Almeida and Angulo 2006). Currently, there are records of this species
also in the states of Rio de Janeiro, Sao Paulo, Minas Gerais, and Bahia (Almeida and
Angulo 2006; Fouquet et al. 2014). The specific boundaries among these lineages are
unclear mainly due to the lack of information on Adenomera sp. L and Adenomera sp.
M, both of which are found only in the southern region of the state of Bahia (Fouquet
et al. 2014). Knowledge on the bioacoustics, morphology, and cytogenetics for repre-
sentatives of this clade is scarce (Angulo et al. 2003; Angulo 2004; Duellman 2005)
and thus far it has not been used to distinguish between these two lineages.
Karyotypic information associated to DNA sequence data has helped clarify the tax-
onomy and systematics of some Brazilian anuran groups (Lourengo et al. 2008; Targueta
etal. 2010; Sudrez et al. 2013; Lourenco et al. 2015; Ferro et al. 2018; Marciano-]Jr et al.
2021). To date, all information available regarding cytogenetic data within Adenomera



Karyotype of the species of Adenomera in the “thomei” clade 153

populations is taxonomically inconclusive (e.g., Campos 2009). Nevertheless, these
chromosome data provided support on taxonomic decisions on a broad study of species
delimitation of Adenomera marmorata, which included DNA sequence, morphologi-
cal, and bioacoustic data (Cassini et al. 2020). Thus, it is clear that further cytogenetic
studies on the genus Adenomera will allow more robust conclusions regarding this taxo-
nomically challenging group. The objective of this study was to describe for the first
time the karyotype of Adenomera species of the “thomei” clade from different locations
in southern Bahia and compare the chromosomal patterns among the specimens.

Material and methods

Cytogenetic analysis was performed using 12 specimens of two species in the “thomes”
clade collected in three sites in the state of Bahia (BA) (Table 1) under the SISBIO license
62181. The specimens were taken to the Tropical Herpetology Laboratory at the Univer-
sidade Estadual de Santa Cruz (UESC), Ilhéus, Bahia, Brazil. We identified the specimens
collected in the municipality of Ilhéus as Adenomera cf. thomei, since the bioacoustic data
showed the same pattern as that recorded for populations in the “thomei” clade.

Table |. Information on Adenomera specimens in the “thomei” clade used in this study.

Voucher Genus Species Sex Locality Coordinates
MZUESC 22146 Adenomera cf. thomei Juvenile Tlhéus - BA -14.800189, -39.154594
MZUESC 22147  Adenomera cf. thomei Juvenile Tlhéus - BA -14.800189, -39.154594
MZUESC 22148  Adenomera cf. thomei Juvenile Ilhéus - BA -14.795269, -39.037339
MZUESC 22149 Adenomera cf. thomei Male Ilhéus - BA -14.795269, -39.037339
MZUESC 22150  Adenomera cf. thomei Male Ilhéus - BA -14.795269, -39.037339
MZUESC 22151 Adenomera sp. L Male Igrapitina - BA -13.821933, -39.171175

MZUESC 22152 Adenomera sp.
MZUESC 22153 Adenomera sp.
MZUESC 22154 Adenomera sp.
MZUESC 22155 Adenomera sp.
MZUESC 22156 Adenomera sp.
MZUESC 22157 Adenomera sp.

Juvenile Igrapitina - BA -13.821933, -39.171175
Male Igrapitna - BA -13.821933, -39.171175
Female Igrapitina - BA -13.821933, -39.171175
- Igrapitna - BA -13.821933, -39.171175

- Igrapitna - BA -13.821933, -39.171175
Juvenile Igrapitina - BA -13.821933, -39.171175

| oni onlll on il on i enlll ol

We followed the protocol of Schmid (1978) with modifications. In the present
study, a 2% colchicine solution (0.1 ml/10 g of weight) was used during 4-6 h. Sub-
sequently, the specimens were sacrificed with lidocaine gel at a concentration of 5%
spread over the entire body. The vouchers were fixed in 10% formaldehyde for 24
hours, kept in 70% alcohol, and deposited at the UESC Herpetological collection.

Chromosomal preparations were obtained from intestinal cells. The intestinal epi-
thelium was kept in a hypotonic solution (0.075 M KCL) for 40 minutes and fixed in
CARNOY solution (3:1 methanol: acetic acid). Then, the cell suspensions were placed on
the surface of a slide and dried at room temperature in the dark. To determine chromo-
some composition and the fundamental number (FN), cells were stained with 3% Giemsa
for 10 minutes. Chromosomes were classified according to Green and Sessions (1991) as
metacentric (M), submetacentric (SM), subtelocentric (ST), and telocentric (T) (Table 2).
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Results obtained were compared with cytogenetic data available in the literature. The im-
ages were captured and analyzed using an Olympus BX-51 microscope, a Q-Capture Pro
image capture camera, and the Image Pro Plus software. We used Adobe Photoshop CC
2019 for the analysis and arrangement of the karyotype in descending order.

Table 2. Adenomera species with described karyotype, fundamental number and bibliographic references.
Species Identification followed the taxon name used in the original contribution.

Species Karyomorphology Diploid Fundamental References
number number
A. diptyx IM+3SM+ 9T 26 FN =34 Zaracho and Hernando 2011
A. andreae IM+4SM+2ST, 6T 26 FN =40 Bogart 1974
A. lutzi - 26 NA Bogart 1970 apud Kuramoto, 1990
A. hylaedactyla IM+ 3SM+ 9T 26 FN =34 Campos et al. 2009
A. hylaedactyla IM+1SM+28T+9T 26 FN =36 Bogart 1974
A. marmorata 2M+1SM+28T+7T 24 FN = 34 Bogart 1974
A. cf. marmorata 3M+3SM+6T 24 FN =34 Campos et al. 2009
A.cf. marmorata 2M+3SM+7T 24 FN = 34 Campos et al. 2009
Adenomera sp. L 2M+3SM+7T 24 FN =34 Present Study
A. cf. thomei 2M+3SM+7T 24 FN = 34 Present Study
A. cf. bokermanni  2M+3SM+1ST+4T+3NP 23 FN = 34 Campos et al. 2009
(IM + 2T)
Results

We analyzed metaphases of 12 individuals of the lineages Adenomera sp. L (n = 6) and
Adenomera cf. thomei (n = 6; sex of specimens is shown in Table 1). The karyotype of
all analyzed specimens showed 2n = 24 (FN = 34) and no heteromorphic sex chromo-
somes. All individuals showed the karyotype 2n = 24 with a karyotypic formula of 4M
+ 6SM + 14T (metacentric pairs 1 and 5; submetacentric pairs 2, 3, and 4; telocentric
pairs 6,7, 8,9, 10, 11, and 12) (Fig. 1).

The karyotypes obtained in this study and those already published for the genus
Adenomera are shown in Table 2 with their respective diploid number, fundamental
number, and karyomorphology.

Discussion

The number of cytogenetic studies on anurans has grown in recent years (e.g., Ferro
et al. 2018; Gazoni et al. 2018; Marciano-Jr et al. 2021); however, information for
some families and/or genera is still scarce. The genus Adenomera comprises common
and abundant species, some of which often occur syntopically (Cassini et al. 2020),
but cytogenetic data for the entire genus are still scant compared to other anuran
genera. So far, only six of the 29 described species have been karyotyped. Campos
(2009) analyzed four populations of Adenomera from the state of Sao Paulo and identi-
fied two species, Adenomera marmorata and Adenomera aff. bokermanni with distinct
karyotypes. Adenomera marmorata shows a variation in chromosome pair 12, which is
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Figure 1. Karyotype of “thomei” clade specimens with conventional Giemsa staining a Adenomera cf.
thomei from Ilhéus, Bahia, Brazil b, ¢ Adenomera sp. L from Igrapitna, Bahia, Brazil. All specimens
showed the following karyomorphology: pairs 1 and 5 metacentric, 2—4 submetacentric, and 7-2 telo-
centric. Scale bar: 5 pm.

metacentric in the populations of the state of Sao Paulo. Thus, Campos et al. (2009)
hypothesized that it is an interpopulation variation, which was later confirmed by Cas-
sini et al. (2020) in a taxonomic study on the group that integrated DNA sequences,
morphology, and bioacoustics. The specimen identified by Campos et al. (2009) as A.
aff bokermanni was collected in the municipality of Santa Branca in the state of Sao
Paulo, which is outside the current distribution of A. bokermanni, which is restricted
to the southern region of the state of Parand (Cassini et al. 2020).

The specimens analyzed in the present study were cytogenetically similar to those of
A. marmorata and A. aff. bokermanni (Campos et al. 2009). Campos et al. (2009) found
an unusual diploid number (2n = 23) when they described the karyotype of A. aff. bok-
ermanni, Voucher - CFBH 11531, and concluded that it was most likely an indicative
of a centric fusion involving the telocentric chromosome pairs 7 and 9. The authors
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stated that it is not possible to determine with certainty whether the differences in chro-
mosome pairs 7 and 9 correspond to a variation restricted to the specimen analyzed.
Therefore, chromosome pairs 7 and 9 will not be used for comparison in our analyses.
The chromosomes of pair 8 in the specimens analyzed in the present study are telocen-
tric, whereas those of A. aff. bokermanni are subtelocentric (Campos et al. 2009).
Furthermore, the specimens of Adenomera cf. thomei (Ilhéus, BA) and Adenomera
sp. L (Igrapitina, BA) in the present study showed a karyotype (2n = 24 — FN = 34)
identical to that of the specimen CFBH1512 from Santa Branca (SP) and the speci-
men CFBH 1713 (Adenomera sp. J). Moreover, no bioacoustic, molecular (DNA), or
morphological data are available for the Ilhéus population and a taxonomic review
including all species within the clade is needed to shed light on their specific limits.
Comparative cytogenetics can be considered an important tool for recovering phy-
logenetic relationships and confirming taxonomic identity (e.g., Baker 1970; Silva et
al. 2004; Aguiar Jr et al. 2007; Urdampilleta et al. 2013; Cassini et al. 2020). The
results presented here will contribute to expand the information on the taxonomy and
phylogeny of the “homei” clade and consequently lead to the delimitation of its taxa.
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Abstract

Karyotype and COI gene sequences of Chironomus melanotus Keyl, 1961 from the Yaroslavl region
(Russia) were analyzed. A low level of chromosomal polymorphism has been confirmed, eventually
eight banding sequences were found: melAl, melB1, melCl, melD1, melEl, melF1, and melG1; only
melD2 was found in two larvae from the Sunoga river. Analysis of phylogenetic tree and estimated genetic
distances has shown not all COI gene sequences of Ch. melanotusin GenBank and BOLD to belong to this
species. The lower distance of 0.4% was observed between two sequences from the Yaroslavl region and
Finland, apparently these are true Ch. melanotus sequences. The distances between true Ch. melanotus and
other sequences from Finland were 9.5% and 12.4%, and from Sweden it was 11%. The average genetic
distance between studied sequences of 9.1% is out of the range of the 3% threshold previously determined
for chironomids. According to our estimates, there are two sequences with a distance of 2.9% that may
belong to Ch. annularius Meigen, 1818, and one sequence with a genetic distance of 2.1%, may belonging
to Ch. cingulatus Meigen, 1830, which has been confirmed karyologically. Another two sequences form
a separate cluster. We suggest that they either belong to a known species, but are not present in the
databases, or belong to a distinct, undescribed species.
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Introduction

Chironomus melanotus Keyl, 1961 is one of the most widespread and well-known spe-
cies. It does not belong to any sibling species group (Kiknadze et al. 2010). The first
finding and description was in Germany (Keyl 1961, 1962; Degelmann et al. 1979).
Ch. melanotus is in demand in classical hydrobiology (Fjellheim, Raddum 1996) and
in toxicology (Grebenjuk 1994; Grebenjuk and Tomilina 2014). The main problem in
the investigation of Chironomus Meigen, 1803 is the difficulties with the species iden-
tification by larval morphology. Due to the presence of the giant chromosomes in the
salivary gland of Chironomus larvae, it is more convenient to identify cytogenetically
(Kiknadze et al. 1991, 2016). The karyotype of Ch. melanotus was described by Keyl
(1961) as a “cytospecies” that belongs to “thummi” cytocomplex and mapped chromo-
somal arms A and F (Keyl, 1962). It has been shown that the level of polymorphism
in Ch. melanotus is very low (Wiilker 1973; Kiknadze et al. 1991; Jabloriska-Barna et
al. 2013). Only in polluted water bodies a high spectrum of somatic rearrangements
and a case of trisomy were observed (Jabloriska-Barna et al. 2013). Finally, due to the
development of new techniques in molecular biology, for species identification/delimi-
tation the fast and cost-effective technology DNA barcoding is commonly used and
for massive analysis in biomonitoring metabarcoding is used. In recent years, many
works on this theme have been published. This is a barcoding of invertebrates, includ-
ing chironomids from Canada (Hebert et al. 2016), Germany (Moriniere et al. 2019),
Finland (Roslin et al. 2022), South Korea (Kang et al. 2022), Montenegro/Albania
(Gadawski et al. 2022) and others. The disadvantage of this approach is the presence
in the databases of genetic information (GenBank and BOLD) from unidentified or
incorrectly identified specimens, so-called “dark taxa” (Moriniére et al. 2019). The next
problem is the understanding that a sequence divergence threshold is not suitable for
all Chironomus species and depends on intraspecific and interspecific sequence diver-
gences. Interspecific - varied for CO! gene sequences in most cases from 9 to 20% and
in rare cases from 1 to 4% (Proulx et al. 2013). Due to the fact that we cannot fully es-
timate intra- and inter-specific sequence divergences, here we will use the average value
of this parameter — 3% (Ekrem et al. 2007; Proulx et al. 2013; Kondo et al. 2016).

We could not find any studies of Ch. melanotus involving approaches of morphol-
ogy, cytogenetics and DNA barcoding published in one article. In the GenBank and
BOLD databases were found five and one COI gene sequences, respectively. These se-
quences were obtained from individuals collected in Finland and Sweden, and depos-
ited during the preparation of this paper (Roslin et al. 2022). Preliminary examination
has shown that not all of these sequences belong to Ch. melanotus.

The present study aims to calculate and compare the genetic distances between CO/
gene sequences of Ch. melanotus from Yaroslavl region identified by morphology and
cytogenetics and the sequences obtained from GenBank and BOLD of Ch. melanotus
from different populations identified by morphology or molecular-genetics (barcode),
and additional sequences from GenBank and BOLD of several Chironomus identified
by cytogenetics.
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Materials and methods

Fourth instar larvae of Ch. melanotus were collected from a few places in the Yaroslavl
region, Russia. Thirty-one larvae were found in a puddle on the Shumarovka river
shore (58°02'25.5"N, 38°15'33.2"E) in October 2018. The depth is 0.5 m, and the
bottom is black silt. Seven larvae were collected in the Sunoga river (58°03'20.3"N,
38°14'04.2"E) in August 2018. The depth is 0.1 — 0.2 m, and the bottom is gray silt
with sand. Four larvae were collected in a small stream (brook) in the shore zone of the
Kotorosl’ river (57°22'41.6"N, 39°50'08.5"E) in June 2016. The depth is 0.5 m, and
the bottom is black silt and rotting wood.

The age was determined by the standard method (Ilyinskaya, 1983). All larvae
were taken for karyotype analysis using the ethanol-orcein technique (Dyomin 1989).
A Micromed-6C (LOMO, St. Petersburg) light microscope equipped with a standard
(kit) oil objective x100 and a camera ToupCam5.1 (China) were used for microscopy
analysis. To identify chromosome banding sequences, the cytomaps by Kiknadze et al.
(1991, 2016), Keyl (1961, 1962), Hirvenoja and Michailova (1991) were used. Prepa-
rations of Ch. melanotus have been deposited at IBIW RAS.

One larva from a small stream (brook) in the shore zone of Kotorosl river studied
karyologically was taken for the total DNA extraction using “M-sorb-OOM?” (Sintol,
Moscow) kit with magnet particles according to manufacturer’s protocol. For amplifi-
cation of COI (cytochrome oxidase subunit I) we used primers LCO1490 (5°-GGT-
CAACAAATCATAAAGATATTGG-3’) and HCO2198 (5-TAAACTTCAGGGT-
GACCAAAAAATCA -3°) (Eurogen, Moscow) (Folmer et al. 1994). Amplification
reaction was carried out in 25 pl reaction mixture (1x buffer, 1.5 uM MgCl2, 0.5 mM
of each primer, 0.2 uM dNTP of each nucleotide, 17.55 pL deionized water, 1 puL
template DNA, 1 unit Tag-polymerase (Evrogen, Moscow). PCR was performed at
94 °C (3 min), followed by 30 cycles at 94 °C (15 s), 50 °C (45 s), 72 °C (60 s) and a
final extension at 72 °C (8 min). PCR products were visualized on 1% agarose gels and
later purified by ethanol and ammonium acetate (3 M). Both strands were sequenced
on an Applied Biosystems 3500 DNA sequencer (Thermo Scientific, USA) following
the manufacturer’s instructions.

For alignment of COI nucleotide sequences, we used MUSCLE in the MEGAG6
software (Tamura et al. 2013). The MEGAG was used to calculate pairwise genetic
distances (p-distance) with codon position preferences: 1%, 2™, 3" and noncoding sites.
The Bayesian analysis was performed using the program MrBayes v.3.2.6 (Ronquist and
Huelsenbeck 2003; Ronquist et al. 2012) with settings suggested by Karmokov (2019;
Bolshakov, Prokin 2021), for 1 000 000 iterations and 1000 iterations of burn-in, nst
=6 (GTR + I+ G). The phylogenetic trees resulting in Bayesian inference analyses were
visualized and edited using FigTree v.1.4.3 (http://tree.bio.ed.ac.uk/software/figtree/).

In addition, thirty-four COI gene sequences of the genus Chironomus from
“GenBank” and “Barcode of Life Data Systems” (BOLD) were analyzed. Accession
numbers of used sequences in GenBank and BOLD: Ch. acutiventris Wiilker et al.,
1983 (AF192200.1), Ch. annularius Meigen, 1818 (AF192189.1), Ch. anthracinus
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Zetterstedt, 1860 (KF278222), Ch. balatonicus Devai et al., 1983 (JN016826.1),
Ch. bernensis Whilker et Klotzli, 1973 (AF192188.1), Ch. borokensis Kerkis et al.,
1988 (AB740261), Ch. cingulatus Meigen, 1830 (AF192191.1), Ch. commutatus
Keyl, 1960 (AF192187.1), Ch. curabilis et al., 1990 (JN016810.1), Ch. dilutus et al.,
1999 (KF278335.1), Ch. entis Shobanov, 1989 (KM571024.1), Ch. heterodentatus
Konstantinov, 1956 (AF192199.1), Ch. heteropilicornis Wiilker, 1996 (MK795770.1),
Ch. maturus Johannsen, 1908 (DQ648204.1), Ch. melanotus IMZ.659620, MZ657748,
MZ658877, MZ657558, MZ658420, BSCHI737-17), Ch. nipponensis Tokunaga,
1940 (DQ648206), Ch. novosibiricus Kiknadze et al., 1993 (AF192197.1), Ch. nuditarsis
Keyl, 1961 (KY225345.1), Ch. obtusidens Goetghebuer, 1921 (CHMNO207-15%),
Ch. piger Strenzke, 1959 (AF192202.1), Ch. pilicornis Fabricius, 1787 (HM860166.1),
Ch. plumosus Linnaeus, 1758 (KF278217.1), Ch. riparius Meigen, 1804 (KR756187.1),
Ch. sokolovae Istomina et al, 1999 (MW471100), Ch. sororius Wulker, 1973
(MZ324811), Ch. tentans Fabricius, 1805 (AF110157.1), Ch. tuvanicus Kiknadze et
al., 1993 (AF192196.1), Ch. wusenicus Loginova et Belyanina, 1994 (JN016820.1),
Ch. whirseli Sublette et Sublette, 1974 (KR683438.1). The COI sequence of Drosophila
melanogaster Meigen, 1830 (HQ551913) was used as outgroup in phylogenetic analysis.

Results and discussion

The karyotype of Chironomus melanotus Keyl, 1961 from the Yaroslavl
region, Russia

The species has a 2n = 8 set of chromosomes. By the chromosome arm combination
—AB, CD, EF and G, the species belongs to Chironomus “thummi” cytocomplex. The
chromosomes AB and CD are metacentric, EF is submetacentric, and G is telocentric.
The nucleus and Balbiani ring were found in arm G. The peculiarity of the karyotype
of Ch. melanotus is a heterochromatinized centromeric region that forms an unstable
chromocenter (Fig. 1), also observed only in Ch. cucini Webb, 1969, Ch. pilicornis,
Ch. athalassicus Cannings 1975, Ch. magnus White et Ramsey, 2015 and Ch. hyperboreus
Staeger, 1845 (Wiilker and Butler 1983; Int Panis et al. 1994; Kiknadze and Istomina
2000; Wiilker and Martin 2000; Kiknadze et al. 2010).

We found two zygotic combinations: melAl.1. B1.1. C1.1. D1.1. E1.1. FI1.1.
G1.1,and melAl.1. B1.1. C1.1. D1.2. E1.1. F1.1. G1.1, which was found only in two
larvae from the Sunoga river.

All eight banding sequences coincide with banding sequences in Keyl et al. (1961,
1962), Hirvenoja and Michailova (1991) and Kiknadze et al. (1991, 2016).

Arm A. One banding sequence: melAl la-2c¢ 10a-12c 3i-2h 4d-9e 2g-d 4c-a 13a-
19f C.

Arm B. One banding sequence: melB1 28-27-26-25-24-23-22-21-20-19 C
(mapped according to Hirvenoja, Michailova 1991). Different from Ch. plumosus by
four inversion steps.
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Arm C. One banding sequence: melC1 la-2e 15¢c-e 11c-8a 6b-2f 15b-11d 6gh
17a-16a 7d-a 6f-c 17b-22g C.

Arm D. Two banding sequences: melD1 la-3g 11a-13a 16a-¢ 8a-10a 13b-15¢
10e-b 4a-7g 17a-24¢g C in heterozygous state with melD2 1a-3g 11a-13a 16a-¢ 8a-9e
7g-4a 10b-e 15e-13b 10a 17a-24g C.

Arm E. One banding sequence: melE1 1a-3e 5a-10b 4h-3f 10c-13g C.

Arm F. One banding sequence: melF1 1a-8f 9a-11i 12a-15i 16a-23f C.

Arm G. One banding sequence: melG1. Not mapped.

The level of polymorphism in Ch. melanotus is known to be very low (Kiknadze
et al. 1991; Jabloriska-Barna et al. 2013). At the moment, we know of two alterna-
tive banding sequences, melB2 and melD2, and the sequence melD2 is more typi-
cal for Western Siberia populations (Kiknadze et al. 2016) and a Finnish population
(Hirvenoja et Michailova 1991). We found melD2 in a heterozygous state in two
larvae from the Sunoga river. Any deviations in the karyotype characteristics like a tri-
somy, rearrangements, insertions and deletions, more typical for polluted water bodies
(Jabtoriska-Barna et al. 2013) were not found.

melCl.1

-23f

16a

melAl.1

melG1.1
. ) ‘

Figure 1. Karyotype of Chironomus melanotus from the Sunoga river, Yaroslavl, Russia. Arrows indicate

melD1.2

melD2

centromeric bands, melAl, melB1 and etc. — genotypic combinations of banding sequences in chromo-
some arms, BR — Balbiani rings, N — nucleous.
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DNA-barcoding and phylogenetic analysis

The obtained CO! gene sequence for Ch. melanotus from the Yaroslavl region was de-
posited in the GenBank with accession number OL546775; the length of the sequence
is 658 bp (percentage of nucleotides A: 25; T: 38; G: 17; C: 19).

More interesting was the analysis of CO/ gene sequences. As was said previously, for
the species name Ch. melanotus in the databases match six sequences of the COI gene
from Finland (MZ659620, MZ657748, MZ658877, MZ657558, MZ658420) iden-
tified by molecular-genetics and Sweden (BSCHI737-17) identified by imago char-
acters, and the average genetic distance between them of 9.1% is out of the range of
3% distances previously determined for chironomids (Ekrem et al. 2007; Proulx et al.
2013; Kondo et al. 2016). Low chromosomal variability of Ch. melanotus does not al-
low us to talk about a high level of genetic diversity. We can conclude not all sequences
belong to Ch. melanotus species (Table 1). According to our estimation, the lower dis-
tance, about 0.4%, was between Ch. melanotus IMZ659620) from Finland and Yaro-
slavl reg. (OL546775). The distance between sequences of Ch. melanotus (OL546775)
from Yaroslavl reg. and sequences from Finland (MZ657748, MZ658877) - 9.5%,
(MZ657558, MZ658420) - 12.4%, and Sweden (BSCHI737-17) - 11%. These values
are greater than those between sequences from the Yaroslavl reg. (OL546775) and
Ch. anthracinus (KF278222), identified karyologically (Proulx et al. 2013), with a dis-
tance of 4%. This still doesn’t mean these species are really closely related, the analysis
of one short segment of the CO/ gene is not enough to make such conclusions (DeSalle
etal. 2005). However, a high similarity of their karyotypes has been noted, up to iden-
tity of some banding sequences (Keyl 1962; Kiknadze et al. 1991).

The distance between the two similar sequences (MZ657558 and MZ658420)
from Finland and Ch. annularius (AF192189.1) confirmed karyologically (Guryev etal.
2001) was 2.9%; between sequences (BSCHI737-17) from Sweden and Ch. cingulatus
(AF192191.1) confirmed karyologically (Guryev et al. 2001) - 2.1%, Ch. nipponensis
(DQ0648206) - 4.2%, identified by morphology and molecular-genetics (Kondo
et al. 2016). Two similar sequences are particularly interesting (MZ657748 and
MZ658877), the distances between of them and all the analyzed sequences varied from
6.5 to 10.5%, and the average was 12%. Unfortunately, we didn’t find any matches in
GenBank and BOLD.

On the phylogenetic tree constructed by Bayesian inference (Fig. 2), we see
the same situation as with the genetic distances. The sequence of Ch. melanotus
(OL546775) from Yaroslavl reg., and Ch. melanotus (MZ659620) from Finland
combined into one cluster, while the other sequences spread out into different
branches. Two similar sequences (MZ657558 and MZ658420) from Finland and
Ch. annularius (AF192189.1) combined in one cluster, with a support value of 1.0.
The sequence (BSCHI737-17) from Sweden and Ch. cingulatus (AF192191.1) formed
another cluster, with a support value of 1.0. Two similar sequences from Finland
(MZ657748 and MZ658877) have formed a separate cluster, without including any

other specimens.
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Table . Pairwise genetic distances (p-distances, %) between COI gene sequences of Ch. melanotus and
closest sequences of Chironomus from GenBank and BOLD.
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Ch. melanotus 0,4
MZ659620 Finland
Ch. melanotus 9,5 9,7
MZ657748 Finland
Ch. melanotus 9,5 9,7 0,0
MZ658877 Finland
Ch. melanotus 11,0 11,4 7,0 7,0
BSCHI737-17
Sweden
Ch. melanotus 12,4 12,6 10,7 10,7 11,2
MZ657558 Finland
Ch. melanotus 12,4 12,6 10,7 10,7 11,2 0,4
MZ658420 Finland
Ch. anthracinus 4,0 3,6 10,5 10,5 11,6 12,0 12,4
KF278222
Ch. annularius 12,6 12,8 9,7 9,7 10,1 2,9 2,9 12,6
AF192189.1
Ch. cingulatus 10,9 11,2 7,2 7,2 2,1 11,0 11,0 11,8 10,1
AF192191.1
Ch. nipponensis 10,3 10,7 6,5 6,5 4,2 11,4 11,4 11,2 9,9 4,8
DQ648206

All the obtained data show that several species are hidden in GenBank and BOLD
under the name “Chironomus melanotus”. First, there is a true Ch. melanotus cluster
(Fig. 2) (MZ659620 and OL546775) the reliability of which is confirmed by karyo-
type analysis. Probably, two similar sequences (MZ657558 and MZ658420) belong
to Ch. annularius (AF192189.1), and the genetic distance of 2.9% is very close to 3%
accepted interspecific threshold (Ekrem et al. 2007; Proulx et al. 2013; Kondo et al.
2016), but does not exceed it. Another sequence (BSCHI737-17), with a genetic dis-
tance of 2.1%, likely belongs to Ch. cingularus (AF192191.1).

Two similar sequences (MZ657748 and MZ658877) need special attention. The
samples of Ch. melanotus from Finland were investigated during the project of FinBOL
(Finnish Barcode Of Life), in the framework of which the authors tested the system Fin-
PROTAX (Probabilistic Taxonomic Assignment Tool) (Roslin et al. 2022). As the au-
thors report, the accuracy of taxonomic assignments at the level of species reached 88.5%
(Roslin et al. 2022). Such precision is still insufficient, especially in a group rich in sibling
species. This approach does not consider estimate intra- and inter-specific sequence diver-
gences. For the CO! gene, the estimated interspecific sequence divergences in most cases
varied from 9 to 20%, but in a few cases with well-identified by cytogenetics species, this
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parameter varied from 1 to 4%, which overlapped between intraspecific and interspecific
sequence divergences (Proulx et al. 2013). According to Morini¢re et al. (2019), the data-
base of genetic information contains about 65% of sequences without species-level assign-
ment, so-called “dark taxa” of all Chironomidae recorded from Germany. But we think
that “superficial taxonomic impediment” (species are so poorly and unreliably named, they
will need to be redescribed before they can be used) (Meier et al. 2022) is better applicable
in this case. Thus, we can conclude that two sequences (MZ657748 and MZ658877)
belong to well-known species that are absent in databases, or they can be considered as dis-
tinct species. A similar case was with Japanese Ch. nipponensis. At first, Yamamoto (2010,
cited by Kondo et al. 2016) proposed dividing the “highland” and “lowland” populations
of Ch. nipponensis by morphology, then Kondo et al. (2016) revealed the genetic distances
between them at 9.1%, and confirmed the presence of two separate species.

Drosophila melanogaster HQ551913.1

1 1r Ch. melanotus OL546775 Yaroslavl. Rus.
—|:[ Ch. melanotus MZ659620 Finland
Ch. anthracinus KF278222

1. Ch. melanotus MZ657558 Finland
_1E[ Ch. melanotus MZ658420 Finland
Ch. annularius AF192189.1 ] lacunarius
1
1
1
1

Ch. bernensis AF192188.1
Ch. commutatus AF192187.1 group

=
E Ch. melanotus BSCHI737-17 Sweden

Ch. cingulatus AF192191.1
Ch. nipponensis DQ648206
Ch. melanotus MZ657748 Finland

[ Ch. melanotus MZ658877 Finland
Ch. balatonicus JN016826.1 T
Ch. borokensis AB740261.1
Ch. usenicus JN016806.1 p/umosus
Ch. curabilis JNO16810.1 group
Ch. nuditarsis KY225345.1
Ch. entis KM571024.1
Ch. plumosus KF278217.1 o
Ch. novosibiricus AF192197.1 ] riihimakiensis
Ch. tuvanicus AF192196.1 group
Ch. sororius MZ324811
Ch. acutiventris AF192200.1 T .
Ch. sokolovae MW471100 obtusidens
Ch. heterodentatus AF192199.1 | group
| 992 Ch. obtusidens CHMNO207-15 4~
Ch. heteropilicornis MK795770.1] Pilicornis
Ch. pilicornis HM860166.1 | group
Ch. maturus DQ648204.1
Ch. whitseli KR683438.1
Ch. dilutus KF278335.1
Ch. tentans AF110157.1 .
Ch. piger AF192202.1 ] piger
Ch. riparius KR756187.1 group

Figure 2. Bayesian tree of the analyzed samples of Chironomus spp. inferred from COI sequences. Species

0.84] 0.99

0.30

0.66

0.03

name, GenBank accession numbers and group name are shown to the right of the branches. Support
values are given if they exceed 0.3. The numbers at the nodes indicate posterior probabilities.
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Conclusions

On the example of Ch. melanotus, we confirmed that in Chironomus species identifica-
tion we must use all available comprehensive approaches, involving morphological,
cytogenetic and molecular genetic studies (mitochondrial and nuclear genes) (DeSalle
et al. 2005; Ekrem et al. 2007; Proulx et al. 2013; Kondo et al. 2016).

At least four species of Chironomus could be in the databases under the name
“Ch. melanotus” from Finland and Sweden. This suggests that at the present stage of
the collection of genetic data, it is impossible to trust only a computer algorithm.
We agree with Zamani et al. (2022) that the use of DNA-based analyses for an
initial sorting of new and known species is extremely useful as a first step, which
significantly narrows the range of search before precise species identification.
Nevertheless, despite the difficulties, the species identification of Chironomus greatly
enriches our understanding of ecosystem functioning because this is an important
part of it.
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Abstract

B chromosomes (Bs) are supernumerary to the standard chromosome set, from which they prevalently
derive. Variation in numbers both among individuals or populations and among cells within individuals
is their constant feature. Leisler’s bat Nyctalus leisleri (Kuhl, 1817) is one of only four species of Chiroptera
with detected Bs. Four males of N. leisleri were collected from two localities on the territory of Serbia
and cytogenetically analysed. All animals had Bs with interindividual variability ranging from two to
five heterochromatic micro Bs. The highest number of Bs was detected in this species. Among mammals,
Rodentia and Chiroptera are orders with the largest number of species, but Bs frequently appear in rodents
and rarely in chiropterans. Possible explanations for this difference are offered.

Keywords
B chromosomes, Chiroptera, Nyctalus leisleri

Introduction

B chromosomes (Bs) are supernumerary but dispensable karyotype components of
standard karyotypes (A chromosomes). Although their appearance has been known for
more than a century, many questions related to them still seek answers. These addi-
tional elements are frequently present in different species of animals, plants, and fungi.

Copyright Marija Rajicic et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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It is estimated that 3% of all analysed species contain Bs (D’Abrosio 2017). Why they
are frequently present in some species but not in others, and why are they absent or
rare in specific taxa of animals and plants are among these riddles. Usually, Bs originate
from A chromosomes of the same species, but also through hybridization between two
closely related species (reviewed in Camacho et al. 2000; Jones and Houben 2003;
Houben et al. 2014; Valente et al. 2016). They show significant variability in morphol-
ogy, size, and number in which they appear in some species, populations, and even in
different tissues of an individual. Usually, they do not follow Mendelian segregation
law rules and also do not recombine with chromosomes of the A set, thus following
their own evolutionary destiny (Jones 2018). Although dispensable chromosomes are
often heterochromatic, many recent studies have shown that they are transcriptionally
active and, most likely, contribute to the phenotypes of their carriers (summarized for
mammals in Vujosevi¢ et al. 2018).

B chromosomes have been detected in 85 mammalian species (Vujosevi¢ et al.
2018), and recently another bat species was added to this list — Megaderma spasma
(Linnaeus, 1758) (Volleth et al. 2021). With more than 1440 species (Simmons and
Cirranello 2022), bats represent the second-largest mammalian group. To date, extra
chromosomes were detected in only four bat species, three vespertilionids Pipistrellus
tenuis (Temminck, 1840) (Bhatnagar and Srivastava 1974), Myotis macrodactylus
(Temminck, 1840) (Obara 1976) Nyctalus leisleri (Volleth 1992), and one megadermatid
Megaderma spasma (Volleth et al. 2021). Compared to rodents, which are the largest
mammalian order and have 61 species with B chromosomes detected, the presence
of B chromosomes in bats seems to be far less frequent event. Here we will present
possible reasons for this occurrence.

Leisler’s bat Nyctalus leisleri (Kuhl, 1817) is a medium-sized bat distributed
throughout Europe up to 57°N (Dietz and Kiefer 2016). Although a widespread spe-
cies, it is considered rare almost everywhere except in Ireland (Boston et al. 2015). It is
a typical woodland bat, and it shows a clear preference for mature forests in most of its
distribution area. V. leisleri roosts mainly in tree holes, and it forages over the canopy,
along forest trails, and over water bodies (Dietz and Kiefer 2016). Nursery colonies
are usually in tree holes and contain 20-50 females. Females of this species give birth
to 1-2 young during June, in Great Britain and Ireland only one, but in the rest of
the areal usually two (Dietz and Kiefer 2016). This species hibernates in tree holes as
well, and occasionally in buildings or underground sites (Dietz and Kiefer 2016; Juste
and Paunovi¢ 2016). Leisler’s bat migrates over longer distances with regular seasonal
movements between summer and winter habitats (Hutterer et al. 2005). V. leisleri has
been recorded at seven localities in Serbia. Records consist of single individuals (mainly
males) captured using mist-nets at species’ foraging grounds from July to September.
There are no known roosts of this species in Serbia, and there is a lack of information
on habitat use. Additionally, there is no evidence of the reproduction of Leisler’s bat in
Serbia (Paunovi¢ et al. 2020).

Volleth (1992) analysed the karyotypes of N. leisleri and found 1, 2, and 3 B chro-
mosomes (2n=44, NFa=50, NF=54 + 1-3Bs) in three males originating from Turkey,
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Germany, and Greece, respectively. Additionally, karyotypes of one more specimen,
from Poland (Fedyk and Fedyk 1970) was conventionally stained and analysed, and
probably contained 2n = 46, with two microchromosomes in the karyotype.

The modern view on Bs highlights their role in genome evolution as an extra genom-
ic compartment with huge potential and still unknown biological significance, making
Bs very interesting for research on different levels. Here we studied the presence of Bs and
cytogenetic characteristics of karyotypes in Nyctalus leisleri in Serbia, for the first time.

Materials and methods

Ethics statement

Capturing and sampling was carried out under the permit provided by the Ministry of
Environmental Protection of the Republic of Serbia (nos. 353-01-2814/2019-04; 353-
01-195/2020-04). Animals were safely released immediately after sampling.

Sampling

Bats were captured at two localities in Serbia (Fig. 1): Bebi¢a Luka (44.1963, 19.6962)
in Western Serbia on 12.6.2020. and Zlot (44.0288, 21.9627) in Eastern Serbia on
1.9.2020. A total of four males of Nyctalus leisleri were captured.

Mist-nets were mounted over water bodies (river Jablanica and Lazareva river) be-
fore the sunset and remained open for 4 hours. All captured individuals were identified
to the species level following Dietz and Kiefer (2016), sexed and age-determined based
on the degree of ossification of the epiphyseal plates on finger bones (Brunet-Rossinni
and Wilkinson 2009). Four adult males were captured (three in Bebic¢a Luka and one
in Zlot). Two tissue samples of plagiopatagium were taken from each individual using
3-mm sterile biopsy punch following Worthington et al. (1996) and immersed in phys-
iological solution in the presence of antibiotics (penicillin 500000 U/l and kanamycin
500 mg/l) and antimycotic (amphotericin B 12,5 mg/l). Tissue samples were stored at
4 °C and transported to the laboratory within 24h from the moment of sampling.

Cell culture

Primary fibroblast cell cultures were established using the protocol by Stanyon and
Galleni (1991) and modified as in Romanenko et al. (2015). Cell passages were done
each time when cells covered the flask surface completely. Dissociation of affixed cells
was done by 0.25% trypsin, 0.2% EDTA. After a few passages the quantity of cells was
sufficient for chromosome preparation.

Cells were kept in CO, controlled incubator at 37 °C after adding colchicine
(0.04 pg/ml) overnight and Ethidium bromide (EtBr 1.5 pg/ml) for three hours before
cell picking. Cells were treated with hypotonic solution (33.5 mM KCl, 7.75 mM
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Figure . Map of sampling localities: 1. Bebi¢a Luka, Western Serbia; 2. Zlot, Eastern Serbia.

sodium citrate) and incubated for 55 minutes at 37 °C. Chromosomes were prefixed
and fixed with fresh ice-cold fixative (methanol and glacial acetic acid in ratio 3:1).
Slides for preparation were previously cleaned in chromic acid and well washed and
preserved at 4 °C in distilled water.

Chromosome preparations

Fibroblast cells grown in cell culture were used for chromosome preparations following
the protocol described by Rajici¢ et al. (2017). One drop of chromosome suspension
was spread on a slide and stained by Giemsa. The number of chromosomes was deter-
mined from at least 20 analysed metaphase plates per animal using Axias 2 plus (Zeiss)
microscope. The standard chromosome complement of V. leisleri counts 44 chromo-
somes, and animals with more than 44 were considered to have Bs.

G-banding of metaphase chromosomes was performed according to the stand-
ard protocol (Graphodatsky and Radjabali 1988). Constitutive heterochromatin was
detected by the modified techniques of C-banding (Sumner 1972). The position and
number of nucleolus organizer regions (NORs) were identified using silver staining

(Howell and Black 1980).
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Results

A total of four N. leisleri males were captured and their karyotypes were analysed by
different cytogenetic methods for the first time in the territory of the Republic of Ser-
bia. In three of the samples collected in Bebi¢a Luka locality we detected the following
karyotypes: one with 2n=44 +1-2Bs, two with 2n=44+3-5Bs, while the karyotype of
the bat from Zlot had 2n=44+2-4Bs (Table 1).

Analysed karyotypes of all specimens consist of 42 autosomes, pair of sex chromo-
somes (XY) and variable number of Bs (2-5). Among the autosomes, three pairs were
large metacentrics, one pair was small submetacentric, and the remaining 17 pairs were
acrocentrics. The X chromosome was a medium-sized metacentric, and the Y chromo-
some was a small acrocentric. All Bs were microchromosomes (Figs 2-5).

C-banding showed the presence of constitutive heterochromatin in centromeric
regions of all autosomes, sex chromosomes, and Bs (Fig. 4).

Table 1. Intraindividual variability in number of B chromosomes in all studied samples. Number of cells
with 0B, 1B, 2Bs, 3Bs, 4Bs, 5Bs and the total number of studied cells.

Sample Locality 0B 1B 2Bs 3Bs 4Bs 5Bs Total
1 Bebi¢a Luka 0 12 17 2 0 0 31
2 Bebica Luka 0 1 3 6 13 6 29
3 Bebi¢a Luka 0 1 0 0 7 16 24
4 Zlot 0 0 1 3 16 4 24
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Figure 2. Conventionally stained karyotype of V. leisleri male with 5Bs (44+5Bs). m — metacentrics;

a — acrocentrics; Bs — B chromosomes.
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Figure 3. G-banded chromosomes of N. leisleri male with 4Bs (44+4Bs). m — metacentrics; a — acrocen-
trics; Bs — B chromosomes.
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Figure 4. C-banded chromosomes of V. leisleri male with 4B (44+4Bs). m — metacentrics; a — acrocen-
trics; Bs — B chromosomes.
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Figure 5. Nucleolus organiser regions (NORs) located on chromosome pairs no. 8 and 11 in V. leisleri
male with 4Bs (44+4Bs). m — metacentrics; a — acrocentrics; Bs — B chromosomes.

NORs were detected on two pairs of chromosomes in all analysed metaphases of
all specimens from Serbia. In one pair, the active NORs were located on the minute
arm of a pair of acrocentric chromosomes, while on the other pair, they were inter-
calary positioned, at the place of secondary constriction. Chromosomes are arranged
from left to right and numerated in decreasing order, so the acrocentric pair with
NORs at minute arms was at chromosome pair no. 8, and intercalary NORs were at
pair no. 11 in the karyotype (Fig. 5).

Discussion

After rodents, bats are the second most numerous group of mammals (Burgin et al.
2018). While rodents are the most frequent carriers of Bs, with 61 species possessing
them, additional chromosomes are detected only in four bat species to date (Vujosevi¢
et al. 2018; Volleth et al. 2021). In vespertilionids, Bs are heterochromatic micro-
chromosomes (reviewed Vujosevi¢ et al. 2018), while in Megaderma spasma, although
among the smallest chromosomes, Bs are not microchromosomes and do not seem to
be fully heterochromatic (Volleth et al. 2021). Least pipistrelle, Pipistrelus tenuis (pre-
viously Pipistrellus mimus) has two or four metacentric Bs (Bhatnagar and Srivastava
1974). Big-footed Myotis, Myotis macrodactylus, possess one micro B chromosome that
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can be acrocentric or metacentric (Obara et al. 1976). It is known that the species
N. leisleri contains heterochromatic micro B chromosomes in addition to the standard
karyotype, but until now, the highest recorded Bs number was three (Volleth 1992).
Our study is the first study of the N. leisleri karyotype in the territory of the Republic
of Serbia. Previously published cytogenetic analyses (Vollteh 1987) showed the same
number but different positions of active nucleolus organisers (NORs) in this species.
We obtained NORs at chromosome pairs 8 and 11 in V. leisleri, while according to
Vollteh (1987) they were on 8" and 15" chromosome pairs in specimens from Greece
and Turkey. These differences could be a result of spatial diversity. However, we must
not omit differences in the degree of chromosome condensation during preparation,
which can be a problem when there are many acrocentrics of similar size in the karyo-
type. Furthermore, basic set in our samples consists of 44 chromosomes, 42 autosomes
and pair of sex chromosomes, (2n=44, NFa=50, NF=54 + 2-5Bs) of the same morphol-
ogy as it was previously described (Valleth 1992; Aslan and Zima 2014). Interestingly,
all analysed V. leisleri samples were males and all of them got Bs in the karyotype
(Volleth 1992; Aslan and Zima 2014). The only one female karyotype reported with
2n=46 from Poland (Fedyk and Fedyk 1970), seems to have two micro B chromo-
somes. Authors probably did not reported Bs since they analysed only one animal.

Bs are found in all major taxonomic groups of animals except birds (Vujosevi¢ and
Blagojevi¢ 2004). However, recently, tissue-specific B-like chromosomes, restricted to
germline cells (germline restricted chromosomes — GRCs), appeared to be widely pre-
sent in songbird species (Torgasheva et al. 2019). As previously mentioned, Bs are
found in only four species of bats. Small genome sizes characterize both birds and bats.
Genome size in birds has a narrow range from 2 to 4 pg (Tiersch and Wachtel 1991).
Furthermore, birds’ content of repeated sequences is the lowest among vertebrates (15—
20%). A similar situation is characteristic for bats whose genome size is even smaller,
averaging 2.35 pg (ranging from 1.3 to 3.2 pg) of DNA (Teeling et al. 2018). Bats are
the only mammals capable of active flight and, together with birds, one of the two only
living vertebrate taxa possessing this highly specialized mode of locomotion. It has been
hypothesized that flight may impose a constraint on genome size. Genome size may
be reduced in vertebrate groups having extreme metabolic demands for flight based
on the relationship between genome size, cell size, and mass-specific metabolic rate
(Hughes and Hughes 1995; Gregory 2002; Organ and Shedlock 2009). Smaller cells
that characterize small genomes have a higher surface area to volume ratio, allowing
improved gas exchange to satisfy metabolic demands (Szarski 1983). Reduced genome
size may be why both birds and bats cannot tolerate the presence of Bs. Additionally,
in flowering plants, the presence of Bs positively correlates with total genome size, and
Bs frequently do not feature species with small genomes (Trivers et al. 2004).

The unique life-history traits of bats can also contribute to this non-acceptance of
Bs. Longevity, slow reproductive rates, and small litters (Racey and Entwhistle 1999)
make a chance of establishing and maintaining Bs much less possible than in rodents,
which are characterized by a short life span, fast reproductive rates, and large litters
(Promislow and Harvey 1990). Also, one must take into account the frequency of bat
karyotype studies, compared to the ones conducted on rodents.
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Nyctalus leisleri is considered to be a migratory species in Europe, generally follow-
ing the NE-SW direction between summer roosts in Northeastern Europe and hiber-
nation sites in central and southwestern parts of Europe (Hutterer et al. 2005; Boston
etal. 2020). In other parts of Europe (NW and SE) this species may be vagrant or sed-
entary (Bogdanowicz and Ruprecht 2004), while data on the migration of V. leisleri in
Eastern Europe is scarce (Hutterer et al. 2005). The longest migratory distances (over
1500 km) were recorded in females that bred in Germany and hibernate on the Iberian
Peninsula (Ohlendorf et al. 2000; Wohlgemuth et al. 2004). According to Ruczynski
(2004), males of Leisler’s bats occur sporadically in Poland and other northern regions
but dominate in populations in Southern Europe. This is probably the reason why the
only published karyotype of V. leisleri female is from Poland (Fedyk and Fedyk 1970).
The vast majority of all captured Leisler’s bats in the territory of Serbia were males
(Paunovi¢ et al. 2018; Paunovi¢ et al. 2020; Budinski unpublished data). There is no
information on whether this species breeds in Serbia (Paunovi¢ et al. 2020). Scarce re-
cords of V. leisleri females in Serbia could be explained also by relatively low sampling
efforts during the migration period.

The low number of analysed samples, the highest detected number of Bs, lack of
data on female karyotype, and scarce data on this species’ ecology in the territory of
Serbia, make Nyctalus leisleri very interesting model for further studies on Bs.
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