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ARTEMIEVA, E., 1. ZAGORODNIUK. Morphological features of Pipistrellus nathusii from the
eastern part of its range (Middle Volga region). — A study was carried out on the morphomet-
ric parameters of regional samples of Pipistrellus nathusii populations from the Middle Volga re-
gion, which is the eastern part of the species’ range. In general, metric characters are typical of
those of the species; clear differences were found by the colouration of wing membranes. The
right-bank sample corresponds to the typical (northern, forest) form of P. nathusii. The left-bank
(eastern) sample corresponds to the more southern and steppe form, which is characterized by a
light tone of coat and a well-defined narrow white stripe on the edge of the wing, which is desig-
nated as colour type pargaré. Obviously, this feature of colouration is a marker of the most south-
eastern P. nathusii. Moreover, this feature characterizes the whole group of pipistrelles and is
well known for the desert form of P. pipistrellus bactrianus, and is most pronounced in the east-
ern P. kuhlii lepidus. Original data on cases of detection pangaré-type depigmentation in other
species of bats in the VVolga region are noted (Vespertilio murinus and Myotis daubentonii). Thus,
the pangaré-type colour of wing membranes in different bat species is a regional trait. In general,
this is in line with Gloger’s ecogeographic rule of ligher colouration in arid conditions.

Introduction

The eastern populations of many European bat species are of interest in con-
nection with the clarification of the boundaries of their species ranges and their
morphological features, which is associated with the pronounced geographical
variability of many species having wide ranges. One of these regions is the Middle
Volga region. The study of bats in this region and the morphological and ecologi-
cal features of some species remains relevant, despite previous studies (Popov
1960; Strelkov & Ilyin 1990; Ilyin & Smirnov 2000; Bezrukov & Smirnov 2012).
Of particular interest are the features of Nathusius’s pipistrelle, Pipistrellus
nathusii, in which there are individuals with a pronounced pangaré-type in wing
colouration, that is, depigmentation of the free edge of the wing membrane.

The bat Pipistrellus nathusii Keiserling et Blasius, 1839 is a species that has a
wide range extending from France to the Urals. It is migratory here, seasonally
present, with a pronounced seasonality of reproduction. According to the directions
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of its seasonal migrations (northeasterly vector) (Hutterer et al. 2005) and areas of
permanent residence, this is a species whose range has recently unambiguously
expanded in a northeasterly direction; it is also one of the few who inhabited the
most north-eastern corners of Europe. All north-eastern populations belong to the
south-western part of the range. Studies of the species in the eastern part of the
range showed that, in the Volga region, it is the most common and numerous
among local bats (Strelkov & Buntova 1982; Smirnov et al. 2012, 2017; Artemieva
2021). For this species, important material was accumulated by the authors, which
makes it possible to give its morphological characteristics. The aim of the article is
to identify the morphological features of P. nathusii in the Middle Volga region.

Materials and Methods

The species was recorded and collected in the following localities: Pervo-
maiske, Stara Maina, Krasha Poliana, Smorodino, Shylovka, Undory, and the city
of Ulyanovsk. The morphological material was collected mainly during the field
season of 2021 at the biological station ‘Stara Maina.’ Bats were caught near the
shelters using a ‘mobile trap’ (two paired fishing rods, between which a 2x1.5 m
net is stretched, with a net of fishing line with a mesh of 14 mm) (Borisenko 1999).
Original photographs with detailed morphological features were also accumulated.

Two geographic samples of P. nathusii were studied: from the populations of
the left bank and the right bank of the Middle Volga region. Individuals were
measured alive (using a caliper) with the subsequent analysis of 7 morphometric
characters: body length, forearm length, tail length, foot length, tibia length, ear
length, and wingspan. The identification of the trapped individuals was carried out
using the works by Dietz & Helversen (2004), Zagorodniuk et al. (2002), and
Zagorodniuk (2003). For all individuals, sex and age were determined (Dietz &
Helversen 2004). A total of 19 specimens of this species were studied and 50 pro-
photographs with details of coat and wing colouration and ears and pawa morphol-
ogy were processed.

Metric data were analysed using standard tests in MS Excel. As a measure of
difference, we used the coefficient of divergence (CD), or the Lyubishchev coeffi-
cient, an index of samples divergence (Lyubishchev 1959; Zagorodniuk 2004).

Results
In this work, two groups of characters are studied—metric and colouration.

Metric characters

Three of the seven morphometric characters studied were found to be the most
significant: body length, forearm length, and wingspan. The samples were formed
according to the criteria of sex and age (Table 1). After this, a pairwise comparison
of the four groups was carried out.
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Table 1. Comparison of sex and age groups of Pipistrellus nathusii in morphometric charac-
ters (combined samples from all studied localities)

Tabmuus 1. TopiBustHus crateBux rpyn Pipistrellus nathusii 3a mopdomerpuunumMu 03Ha-
kamu (00'eiHaH] BUOIPKH 3 yCiX JOCTIIKEHUX MiCIIE3HAXOKCHB)

Characters, mm l Age ‘ Males | N ‘ Females | n ‘ CD

Body length adultus 47.3+3.20 4 50.5+0.71 2 -0.99
juvenilis 459 +2.05 5 43.8+2.31 5 0.67

Forearm length adultus 33.1+0.25 4 344+0.21 2 -3.74
juvenilis 33.0+035 5 33.9+0.89 5 -0.94

Wingspan adultus 24.4+0.95 4 24.3+0.35 2 0.12
juvenilis 23.8+0.91 5 23.4+£0.79 5 0.37

—
OnatF 0O O ammormnn Fig. 1. Distribution of forearm length in

males and females of Pipistrellus nathusii
= . .
onat M (adults) in the total sample of the studied
¢ FRIDORI & o specimens (ranges of variability are
T T T T : : . marked with a double-sided arrow <«).
30 31 32 33 34 35 36 For comparison, data for a sample from
Ukraine are presented (after:
forearmlength. mm  Zagorodniuk 2018).

Puc. 1. Posmoain nosxunu mepeamtivus y camiis i camok Pipistrellus nathusii (mopocni ocobunm) y
CYKyIHi# BUOIpIIi BUBYEHHX 3pa3KiB (II03HAYEHI JIBOCTOPOHHBOIO CTPIIIKOIO «>). JIJIsi MOPiBHSHHS B3STO
naHi Juist BUOipku 3 Ykpainu (3a: 3aropossiok 2018).

The greatest differences in all pairs of comparisons were found between adult
females and males by the length of the forearm (CD = 3.74): the value of this char-
acter is smaller in males. In fact, males and females from the studied sample do not
overlap in this measurement, although in this species the overlap of data for males
and females is generally significant (Fig. 1). In the group of adults, females are
larger than males in almost all characters.

In young bats, when compared with adults, males are ahead of females in two
out of three metric characters, which indicates their faster growth. It is important to
note that the growth of juveniles continues until the onset of seasonal migration
and during it, since the sample of juveniles includes specimens from August as
well (in total, juveniles were studied on the following dates: 11.07, 12.07, 22.07,
8.08, 11.08, 13.08, 08, and 27.08).

Colouration features

Comparison of the left-bank and right-bank samples revealed differences in
the colouration of the body and wing membranes.

The right-bank samples are characterized by a light, greyish-beige colour and
a uniform colour of the membranes.

Novitates Theriologicae. Pars 13 (2022) 73



On the contrary, left-bank pipistrelles are characterized by a darker, brownish-
red colour of the body and the presence of a pronounced depigmentation strip
along the free edge of the wing membrane.

In the terminology of fur colours in mammals, this refers to the lightening of
the colouration, known as dilution, and the appearance of depigmented areas along
the margin of the membranes, which corresponds to the colouration type ‘pan-
garé.” In a broader sense, pangaré as a lightening of individual parts of the body
also extends to the groin, armpits, and belly.

Photographic materials from the left bank and right bank samples of
P. nathusii are presented below (Fig. 2). In particular, a specimen of the “northern”
color type (light, without a white wing margin) was caught at the Pervomaiskoye
locus (Fig. 2a—b). On the contrary, a specimen of the “southern” form was caught
in a pine forest in the vicinity of Stara Maina: it is distinguished by the presence of
a narrow white stripe along the wing margin (Fig. 2c-f).

Individuals with such phenotype have not been previously described by re-
searchers of bats in the region. In particular, in the more northern regions (Volga-
Kama Kray), this colouration variant was not noted (Popov 1960).

Discussion

The species Pipistrellus nathusii has a very wide geographic range (Fig. 3),
within which a pronounced geographic variability has formed. In particular, such
variability is manifested in the general lightening of the colouration that may be
referred to a type ‘dilution.” Two colour races exist in populations that are spatially
separated and confined to different biotopes. The typical race (without a white
marginal stripe) inhabits forest biotopes, while the race with a white stripe (pan-
garé) occurs in steppe localities.

As it can be seen, the dilution morph can be designated as a desert (southern)
colouration type. The same form was recently described for the population of
P. nathusii from the Black Sea region (Zagorodniuk 2020), and earlier a similar
form was described for the Asian population of the common pipistrelle, P. p. bac-
trianus (Ognev 1928; Kuzyakin 1950). At the same time, investigators of this pipi-
strelle subspecies do not report anything about the same morphotype in eastern
Pipistrellus nathusii (Ognev 1928: 486-490). A specimen of the ‘steppe’
morphotype P. p. bactrianus is shown in Fig. 4.

Such colouration from the dilution group (lightness) is referred by us to the
type of undergrowth (Pangare or Mealy). It is not a diagnostic trait of species, but
marks the desert and southern forms of almost all East European pipistrelles, which
we noted earlier for the south Ukrainian P. nathusii (Zagorodniuk 2020: 188). At
the same time, it is important to note that such morphotype has not been described
in other, more northern, areas (see: Abelentsev & Popov 1956); therefore, such
specimens may be migrants from the north-east, that is, from the Volga region.
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Fig. 2. Features of colouration in Nathusius’ pipistrelle Pipistrellus nathusii: a—b—northern forest form
without a white stripe along the wing margin (ventral and front views, 08.08.2009, leg. E. Artemieva);
c—d—southern steppe form, with narrow white stripe along the wing margin (ventral and dorsal views,
17.06.2009, leg. Kondratiev); e-f—southern steppe form, a narrow white stripe along the wing margin
(ventral view); f—place of attachment of the hindfoot to the wing membrane (22.07.2021). Photo by
E. Artemieva.

Puc. 2. OcobimBocTi 3abapBiieHHs y Hetonupa JicoBoro, Pipistrellus nathusii: a—b — niBniuna nicosa
(bopma Ge3 6intoi cMyru 110 Kparo Kpuiia (Buz 3HH3Y Ta criepeny, 08.08.2009, leg. E. Aprembesa); c-d —
TMIBJICHHA CTENOBA (opMa, 3 By3bKOIO O1JIOI0 CMYTOI0 10 Kparo KprJia (BUJ 3HH3Y Ta 3BepXy, 17.06.2009,
leg. Kondratiev); e-f — niBxenHa crenosa ¢opMa 3 By3bKOIO OO0 CMYroro 1o Kparo Kpuia (BHJ
3HHU3Y) Ta Miclle IPUKPIIIeHH Janku 10 6ononu (22.07.2021). doto €. ApTeM'eBoi.
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Fig. 3. Geogrpahic range of Nathusius’ pipi-
strelle, Pipistrellus nathusii (IUCN website).
The white circle indicates the study area of the
species in the eastern part of the range.

Puc. 3. Apean Hetonumpa sicosoro, Pipistrellus
nathusii (3 Be6caiity MCOII). Binmum koiom
MMO3HA4YEHO O00JIacTh JOCIIJDKCHHS BULY Y
cXiHii yacThHi iforo apeaiy.

Fig. 4. Specimen of Pipistrellus bactrianus,
collected in Mary on 7 August 1938 and stored
in the Museum of Nature of Kharkiv University
(? No. 2544). The depigmentation of the
posterior edge of the wing membrane is clearly
visible. Photo by Yu. lliukhin.

Puc. 4. 3pasok Pipistrellus bactrianus, 3i6pa-
uuii y Mapu 07.08.1938, 36epiraetscst B My3el
MIPUPOIH XapKiBCHKOrO YHIBEpCHUTETY
(@ Ne2544). Jobpe BuaHa JemirMeHTaLis
3aJHBOTO Kpal KPHUIOBOI MeMOpaHH. ABTOp
¢orto: 0. Iumoxin.

This specimen of Nathusius’ pipistrelle is neither unique nor isolated. A simi-
lar trend is typical for other forms of this genus and other species of bats. An ex-
pressive example is demonstrated by P. kuhlii, in which the eastern populations are
characterized not only by a narrow white stripe on the wing, but also by a very
wide zone of depigmentation on the plagiopathagium. This feature distinguishes
the eastern populations of P. kuhlii from the western ones. This character allows
for dividing this taxon into two allospecies: western P. kuhlii (s. str.) with a narrow
band on the wing membrane and eastern P. lepidus with a wide band, up to 10 mm
(e.g. see: Postawa & Marchewka 2021).

It is inportant that there are records of some other (not pipistrelle) bat species
with a pronounced dilution morph along the wing edge also occuring in the Volga
region. Similar specimens were trapped by the authors at the same localities:
Daubenton’s bat Myotis daubentonii and parti-coloured bat Vespertilio murinus
(Table 2).

A large set of similar cases can be the key to understand the patterns of geo-
graphic variability in bats of the region (as well as across Euroope on the whole)
and of the role of the regional component in it. The authors attribute this coloura-
tion form to Gloger’s ecogeographical rule (1883). According to this rule, subspe-
cies of the same species or closely related species of the same genus living in areas
with different climates have also different colouration.
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Table 2. Bat species with phenotypes with different variants of colour lightening in the
eastern and southern areas of the range

Tabmum 2. Bunu pykoKpwinX, IO MaroTh ()EHOTHIN 3 PI3HUMHU BapiaHTaMH OCBITJICHHS
3a0apBIICHHS y CXiAHUX 1 MIBJCHHUX 00JIaCcTAX apeany

Species Colour lightening variants References

Myotis daubentonii  dilution (Pangare) data of E. Artemieva (unpublished)
Pipistrellus nathusii  dilution (Pangare), partial albinism data of authors, Smirnov et al. 2012
Pipistrellus kuhlii dilution (Pangare) data of E. Artemieva (unpublished)
Eptesicus serotinus  partial albinism Smirnov et al. 2012

Vespertilio murinus  dilution (Pangare) data of E. Artemieva (unpublished)

Subspecies in warm and humid regions have darker and more saturated col-
ouration that appear due to accumulation of eumelanin in the organism. And, con-
versely, subspecies from dry and hot regions commonly have light (red, yellow-
brown) colouration, because under such climatic conditions pheomelanin are con-
centrated in the integument. Therefore, desert populations have so-called ‘desert’
colouration (Lopatin & Meleshko 2016). So, colour lightening is an adaptive fea-
ture of populations to exist in arid and semi-arid areas of the geographic range, and
it is a climatic adaptation of species (Smirnov et al. 2012).

All these facts indicate the presence of homologous series in the colouration
of species within the same family (Vespertilionidae). Possibly, that there is a com-
mon pattern of colouration and the presence of certain ecogeographical trends in
variability in the space of the ranges of these species.

Moreover, the lightening of the pigmentation in the southern and south-
eastern regions is a general ecogeographical phenomenon in different systematic
groups. Thus, in the butterflies of family Lycaenidae, the form ‘persica’ is known
from and widely distributed in arid regions. It appears in the expressed lightening
of the background of the underside of the wings, as well as in fading and reduction
of the wing pattern (Artemieva 1992, 2020).

As a result of the study of morphoecological features of Nathusius’ pipistrelle
populations from the studied eastern segment of its range (Middle Volga region),
the following conclusion has been drawn.

1. The analysis of morphometric characters demonstrates a clear sexual di-
morphism. The most significant character is the length of the forearm: in females it
is longer (34.4 = 0.21) than in males (33.1 = 0.25). Juveniles do not reach the size
of adults even in late August and at the beginning of the migration season. Metric
characters are similar to data from other regions.

2. Pipistrellus nathusii from the VVolga region show differences in colouration
that correspond to the northern forest and the southern steppe forms. This phenom-
enon can be explained by Gloger’s ecogeographical rule.
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3. Dilution morph of the eastern (steppe) P. nathusii mark the south-eastern
populations of this species, but also it appears entirely in all other species of the
genus Pipistrellus on the whole (on the scale of regional fauna). Dilution mor-
photypes can also be found in some other bat species in this region.
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Pe3ome

APTEM'€BA €. & I. 34ropojJHIOK. MopdoJioriuni ocodmsocri Pipistrellus nathusii 3i exignoi
yacrunu apeany (Cepenne IoBouks). — J{ocuimkeno mopdomerpuuni nokasuuku P. nathusii
3 Cepennpboro [ToBOMKsI SIK CXiZHOI YaCTHHHU HOTO apeaiy. 3araloM METPHYHI OKA3HHKH THITOBI
JUIsl BUAY; BUPa3Hi BIIMIHHOCTI BHSBIIEHO Y 3a0apBIIeHHI KpHIoBHX 00i0H. [IpaBobepexHna Buoi-
pKa Bianosizae Tunosiii (miBHiuHil, nicosiit) ¢popmi P. nathusii. JlioGepexna (cxigHa) Bubipka
BiJINIOBi/1a€ O1IbLI MiBAEHHIH 1 cTenoBill Gopmi, 1JIs HET XapaKTepHi CBITJIMI TOH 3a0apBIICHHS Ti-
Ja Ta 1o0pe BHpa3Ha By3bKa Oijla CMyXKKa IO Kpalo KpHIIa, sIKa TI03Ha4YeHa SIK KOJIbOPOBUIl THII
pargaré. OueBHIHO, IO OCOONMBICTE 3a0apBIEHHS € MapKepOM HaHOiNBII MiBIEHHO-CXiTHUX
P. nathusii. ITonaz Te, noai6Ha 0COGIMBICTL XapakTepHU3ye BCIO TPYILY HETOMUPIB i JoOpe Bigoma
Juist mycrensHoi opmu P. pipistrellus bactrianus, a waii6inbiue nposBisierses y cxigaux P. kuhlii
lepidus. Bixmiueno opuriHanbHi JaHi Mpo (pakTH BUSABICHHS MiANAcOCTi B IHIINX BUJIB KaXaHiB
TMosomxks (Vespertilio murinus and Myotis daubentonii). Orxe, pangare-ctiib y 3a0apBieHH]
KPUIIOBUX MEMOpaH y Pi3HUX BHJIIB PYKOKPHIINX € PETiOHAJIFHOI 03HAKO0. 3arajioMm Iie Bi/moBi-
Jiae exoreorpadivHOMy mpaBmity I'Torepa npo BUCBITICHHS 3a0apBIICHHS B apHAHUX YMOBaX.
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