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Abstract

For four decades, there have been changes in the ranges of many bat species in
Europe, particularly shifts in their northern limits. This phenomenon is more spec-
tacular for migratory species than sedentary ones, especially for representatives of
the genera Pipistrellus and Hypsugo. Kuhl’s pipistrelle Pipistrellus kuhlii (Kuhl,
1817) is the one of western Palaearctic bat species with conspicuous range expan-
sion—in the last three decades, the species has rapidly expanded and colonised
new territories both northwards and westwards. In Central Europe, two genetic
lineages occur that are also quite different morphologically: P. kuhlii kuhlii (hereaf-
ter P. kuhlii) and P. kuhlii lepidus (hereafter P. lepidus). The contact zone between
these two lineages passes through Hungary and Slovakia, although the real range of
distinct lineages and/or morphotypes are still unclear. The first records of P. kuhlii
from Poland (probably belonging to P. lepidus) come from Warszawa, central
Poland (2004) and Zawiercie, southern Poland (2005): both specimens were males,
found in December in buildings. Since then, there have been further reports of the
presence of this species in Poland—occurring mostly in large cities along the val-
leys of large rivers such as the Wista and Bug, from both periods of activity and
hibernation. In subsequent years in Poland the occurrence of only P. lepidus has
been confirmed, while P. kuhlii has been recorded from southern locations in the
Carpathian Mountains in Slovakia. This paper describes the first record of this
species from Poland, further indicating the existence of a maternity colony. In mid-
July of 2020, a non-volant juvenile male was found in Krakow, Krowodrza district
(50°04'11.7" N, 19°54'55.9" E). Initially poorly visible diagnostic features have
become unambiguous with development and similar to those in P. kuhlii: narrow
pale wing margin and orange penis colouration. After about two months in captiv-
ity, a mature individual capable of flying was released at the site where it was
found. The presence of a maternity colony indicates that this species (i) has been
part of the Polish fauna for several years, and (ii) its range in Poland possibly
expands much further north.
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Ilepma peecTpaniss MaTepMHCbKOI KOJIOHIT HeTOMUPA 0iJ1I0CMYyroro
Pipistrellus kuhlii (Chiroptera) y Hoabui

Tomam ITocraBa, AHHa MapxeBka

Pesrome. 3a yoTHpu necATHIITTS B €Bpomi BinOyIcs 3MiHH B apeanax 0araTbox BHJIB KaKaHiB, 0COOJIMBO Ha
iXHIX MiBHIYHUX MexaX. Lle sBuIe 0coONMBO Bpaxae y BHNAAKY MITPYIOUMX BHIIB, HIK OCUIMX, OCOOIHBO y
npezncrasaukis poxis Pipistrellus i Hypsugo. Heromup Ginocmyrwuii Pipistrellus kuhlii (Kuhl, 1817) € oguum i3
BUJIIB KakaHiB 3aximHoi [laneapKTHku 3 BUpa3HUM PO3IMIMPEHHIM apeany — 3a OCTaHHI TPH JECATINITTA Ll
BUJI IIBHJKO PO3IIUPHUBCS Ta KOJIOHI3YBAaB HOBI TEPHUTOPIT SK Ha MiBHIY, Tak i Ha 3axiA. ¥ LlenTpanbHiit €Bpomi
3yCTpivaroThCs (Bl T€HETHYHI JIiHil, siKi Takok AocuTh pizHi Mopdomnoriuno: P. kuhlii kuhlii (zami P. kuhlii) i
P. kuhlii lepidus (mani P. lepidus). 3ona koHTakTy 1MX ABOX JiHil MPOXoauTh Yepe3 Yropumty ta CiloBaddu-
HY, OJIHAaK pealibHi apeaju pi3HUX POJMHHUX JiHii Ta/abo MopdoTumiB noci HesicHi. [lepuri 3raaxu mpo P. kuhlii
3 IMonbuii (#imMoBipHO, HanexHi 1o P. lepidus), moxomsars i3 Bapmasu, mo B Lentpanshiit [Tonsmi (2004), ta
3asepus, y IliBnenniit [onemi (2005): o6uasa ex3eMIusipy Oy caMIsIMH, 3HAHICHUMH B TPYIHI Y OyIiBIIX.
Binroni 3’sBunucs HOBI MOBIIOMIICHHS PO MPUCYTHICTH HBOTO BUAY B [lobIi — 371€01IBIIOTO Y BETUKUX Mi-
CTax y3[IOBXK JOJHH BEIHKHUX PidOK, TakuX sk Bicma ta Byr, 3 000x mepiofiB IXHBOTO KHUTTI — AaKTHBHOTO Ta
3UMOCIUITYOT0. YV HacTynHi poku B [Tonblui miaTBepmkeHo HasBHicTs jmmie P. lepidus, toxi sk P. kuhlii 6ys
3adikcoBanuii 3 O61IbMI MiBACHHUX Micub — y KapmaTtax y CiaoBauumHi. Y 1iif cTaTTi OMUCYETHCS MepIia 3Haxi-
Jika 11poTo By 3 [lombii, sika TOJATKOBO BKa3ye Ha iCHYBaHHS MaTEpUHCHKOT (po3poauoi) KoJoHil. Y cepenu-
Hi munas 2020 p. B Kpakosi, pation KpoBomxa (50°04'11.7"N 19°54'55.9"E) BUSBHIN HEJITAIOYOTO IOBEHINIb-
Horo camig. Cro4yaTKy HOTraHO BUpa3Hi JiarHOCTHUYHI O3HAKH CTAJIH 3 POCTOM OJHO3HAYHO TAaKHMHU SIK O3HAKU
P. kuhlii: By3pkuii OGmianii kpait kpui i momapanyeBe 3abapBieHHs neHica. [IpHOIM3HO micis ABOX MICSIIB Ie-
peOyBaHHS y HEBOJI LIJIKOM 37aTHA 10 MOJBOTY OcoOMHA Oyia BUITyLIICHA HA TOMY MicIi, Ae ii 3Hainuti. Hass-
HICTh MaTE€pUHCHKOI KOJIOHII BKa3ye Ha Te, IO LeH BUA: 1) € YaCTUHOIO MOJIBCHKOI (hayHH MPOTATOM KiIBKOX
POKiB, 2) 110, MOXJIUBO, foro apean y ITobLi POCTATaeThCs 3HAYHO Jajli Ha MiBHIY.

Kiawo4oBi cimoBa: kaxkaHn, MaTEpUHCBKa KOJIOHIs, po3iiupeHHs apeainy, Pipistrellus k. kuhlii.

Introduction

Over the last 20 years, there has been a significant change in the ranges of many bat species in
Europe, and the shifting of the northern limits of the ranges is particularly evident (Ancillotto et al.
2016). Range changes among sedentary species are rather small, while for migratory species they are
much more spectacular probably due to their wide thermal tolerance [Ancillotto et al. 2018]. In some
cases, migrations far beyond the previously known range are recorded [Zagorodniuk 2019]. For the
Mediterranean bat fauna, the natural northern limit of occurrence was assumed to extend to the Outer
Western and Eastern Carpathians.

The first species found outside its recognised range was the greater horseshoe bat Rhinolophus
ferrumequinum (Schreber, 1774). Originally recorded in 1962 [Harmata & Wojtusiak 1963], fol-
lowed by two findings in 1992 [Labocha & Postawa 1992; Mleczek 1992], and since then regularly
wintering in the Lokietka cave (Ojcow National Park [Grzywinski et al. 2020]), with potential breed-
ing observed in 2003 in Beskidy Mts. [Szkudlarek et al. 2003] and in 2005 close to Ojcdéw National
Park [Kohyt & Postawa 2007]. The second species is the common bent-wing bat Miniopterus
schreibersii (Kuhl, 1817), whose northerly site for this part of Europe was known from the Pieniny
Mountains (Aksamitka cave, Slovakia) [Cel’uch 2014]. This species has been regularly recorded
since 2015 in Roznow Castle (Roznowskie Foothills, Western Carpathians) during swarming and
single individuals have also been recorded during hibernation [Piksa & Gubata 2021].

Both bat species belong to the so-called cave species group—they are found underground at
least during part of their phenological cycle, so their observations are relatively easy and repeatable.
Much more accidental findings concern species from genera that regularly migrate: Pipistrellus,
Hypsugo, or Nyctalus. So far, of this group, only rare information on Savi’s pipistrelle Hypsugo savii
(Bonaparte, 1837) was noted from a location in southern Poland [Uhrin et al. 2016].
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Considerably more widespread among them is Kuhl’s pipistrelle Pipistrellus kuhlii (Kuhl,
1817), which is already known from eastern, southern and central Poland [Sachanowicz et al. 2017,
Piskorski & Sachanowicz 2021].

Kuhl’s pipistrelle Pipistrellus kuhlii sensu lato has a wide range that covers the entire Mediter-
ranean basin both of Europe and Africa, extends through Asia Minor to Pakistan and northwards
across the Caucasus to the Eurasian steppe [Juste & Paunovic 2016]. The species P. kuhlii is not
homeogenic and several morphological and genetic forms with still unclear taxonomic status were
described (see: [Andriollo et al. 2015; Sachanowicz et al. 2017]).

In Europe, three distinct lineages have been found: the western morphotypes (i) P. kuhlii sensu
lato and (ii) P. k. kuhlii—reside throughout the Mediterranean basin; and the eastern morphotype
(iii) P. k. lepidus—found mostly in Eastern Europe and Central Asia [Andriollo et al. 2015; Sa-
chanowicz et al. 2017]. The eastern population of P. kuhlii (probably the lineage of P. k. lepidus),
originally inhabited the dry zone of Central Asia [Strelkov et al. 1985; Strelkov & 1I’in 1990] and the
Southern Caucasus [Strelkov et al. 1985]. Until the end of the 1990s, the species’ range expanded
throughout/across the entirety of Ukraine [Kondratenko 1990; Zagorodniuk 2019], Belarus [Shpak &
Larchenko 2016] and in European Russia [Prylutska & Vlaschenko 2013]. Therefore, this species
has shown an extraordinary range expansion over the last 40 years, with the gradual appearance of
overwintering populations [Hukov et al. 2020].

Both subspecies—~P. k. kuhlii and P. k. lepidus (hereafter P. kuhlii and P. lepidus)—are sympat-
ric and their current ranges overlap in eastern Slovakia and Hungary [Sachanowicz et al. 2017].
Until now, only P. lepidus has been found in Poland, and it indicates the presence of a sedentary
population: single findings are either from hibernation (Putawy, Zawiercie) or breeding (eastern
Poland) [Sachanowicz et al. 2006; Sachanowicz et al. 2017].

Material and Methods

During the chiropterological intervention, according to personal contact with the finder, a flight-
less bat was found that had left the maternity colony too early (probably due to overheating of the
colony location: temperatures reached 30°C in those days). The juvenile male was found in Krakow,
in the Krowodrza district (26.07.2020, Chocimska Street, 50°04'11.7" N, 19°54'55.9" E). The neigh-
bourhood is built up with four- to six-storey blocks of flats, with a relatively high density of trees
(small city parks, etc.). The bat was severely dehydrated and weakened, was fed and kept in condi-
tions imitating natural conditions: a wooden bat box. It was initially fed with cat food (KiteKat Jun-
ior) and then its diet was gradually changed to Tenebrio molitor larvae. After two weeks, it started to
fly autonomously. The bat (former name: Zeus) was released at the finding site in the second half of
September. This allowed us to observe the final colouration features important for species diagnos-
tics and to trace the formation of these features during growth and development, in particular the
formation of a white stripe along the edge of the wing membrane.

Photographs were taken during the period of growth of the animal. According to Sachanowicz
et al. [2017], three features were selected for species diagnostic: snout colouration, penis shape and
colouration, and size of margin wing pale (Fig. 1, a—c). The distribution analysis was based on a map
produced using data from various published sources mentioned above. The mapping data are shown
in Figure 2.

Results and Discussion

Morphology. Diagnostic features were initially poorly visible and did not allow for species
identification. Based on external morphology, those two morphotypes—P. kuhlii and P. lepidus—
are clearly differentiated by body and penis colouration and the pale wing margin extent [Sachan-
owicz et al. 2017]. Around the middle of August, the white edge of the wings became clearly visible
and enlarged to 1-2 mm wide (Fig. 1, ¢). The snout and ears were dark, with no bright orange and
yellowish patterns (Fig. 1, a). The penis had pinkish-brown colouration (Fig. 1, b). These external
features are fully consistent with those of P. kuhlii described by Sachanowicz et al. [2017].
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Distribution. The presence of single individuals, especially found in spring and autumn, may
indicate a migratory population. A sedentary population, on the other hand, is indicated by the pres-
ence of juveniles (confirmation of breeding) or overwintering individuals. According this assump-
tion, our findings are the first record of P. kuhlii maternity colony in Poland.

Fig. 1. Kuhl’s pipistrelle Pipistrellus
kuhlii (Zeus): snout (a), penis (b), and
narrow margin of wing pale (c) (photo
taken at 14.08.2020).

Puc. 1. Heromup Ginocmyruii Pipistrel-
lus kuhlii (3esc): mopaa (a), nenic (b)
Ta By3bKa KpailloBa cMyra KpHJIOBOL
migacocri () (hporo 14.08.2020).

30 20

50

50

Fig. 2. Distribution of locations of Pipistrellus lepidus (black circles), P. kuhlii (white circles), and P. kuhlii sensu
lato (grey circles) (after: [Cel’uch & Sev¢ik 2006; Sachanowicz et al. 2017; Lucan et al. 2020]).

Puc. 2. Posmimenns micuesnaxomkens Pipistrellus lepidus (sopmi xoma), P. kuhlii (6ini xona) Ta P. kuhlii sensu lato
(cipi xona) (3a: [Cel’uch & Sevéik 2006; Sachanowicz et al. 2017; Lucan et al. 2020]).
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To date, all individuals of P. kuhlii recorded from Poland concern specimens recognised as
P. lepidus: in contrast to our finding, they were characterised by a broad, pale wing margin.

The nearest location for this species come from Zawiercie, 60 km to the north-west [Sachan-
owicz et al. 2006], followed by Putawy, 205 km to the north-east [Sachanowicz et al. 2017] and
Wiarsaw, 255 km [Popczyk et al. 2008]. Currently, mating calls identified as those of P. kuhlii, were
recorded from south-eastern Poland (Carpathians, Roztocze) [Piskorski & Sachanowicz 2021], alt-
hough without morphological improvement.

Therefore, our findings are the first and, for the time being, the only certain record of the breed-
ing of this species in Poland. Unexpectedly, this specimen belongs to P. kuhlii—the lineage occur-
ring in western and southern Europe [Ancillotto et al. 2016; Sachanowicz et al. 2017]. Earlier finds
come from the Carpathians and south of the Carpathians [Celuch & Sev¢ik 2006] and Sudetes
[Lucan et al. 2020]. It should be noted, however, that identification is often restricted to P. kuhlii
sensu lato, thus the real range of particular lineages and/or morphotypes is still unclear.

The range east of the Carpathians (Podolia plain, Ukraine) needs to be revised, especially as
both species are also recorded in the Carpathians in Romania [Barti 2010]. The Mediterranean bat
species differ both in their range and in their rate of migration: R. ferrumequinum and
M. schreibersii, as species closely associated with the undergrounds, restrict their distribution to the
southern edge of Poland [Ruprecht et al. 2008; Piksa & Gubata 2021], while the Pipistrellus
species—as bat species independent from caves—seem to occupy new areas along the valleys of

large rivers, as it was suggested by Zagorodniuk [2019].
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