Novitates Theriologicae, Pars 3, 2003: 73-80
Proceedings of the III International Conference
"Bats of Carpathian Region" (Rakhiv, Ukraine)

Variation and diagnostics of two close bat species
from Ukraine: Pipistrellus nathusii and P. pipistrellus (sensu lato)

Igor ZAGORODNIUK

Ukrainian Centre for Bat Protection & National Museum of Natural History of Ukraine
e-mail: zoozag@ukr.net

ZAGORODNIUK 1. Variation and diagnostics of two close bat species from Ukraine: Pipistrellus
nathusii and P. pipistrellus (sensu lato). — The variability of morphometric and craniometric pa-
rameters of the common pipistrelle group, Pipistrellus nathusii and P. pipistrellus, is discussed. The
variability of such metric characters as body weight (W), 4 standard (L, Ca, P1, Au) and two addi-
tional external measurements (Tr, FA), as well as three skull measurements (CBL, CM3, Mand) im-
portant for the study of bats were studied. In the course of the study of collections, the re-
identification of specimens was carried out based on "traditional" keys and on the studied metric
features (in the light of sex and age), which allowed to re-identify 45 % of the collection specimens.
All specimens with incorrect identification belong to P. nathusii (mostly young individuals), which
were identified by the collectors as "P. pipistrellus".

Introduction

Pipistrellus is represented in the fauna of Ukraine and neighbouring countries
by 4 species — pipistrellus, nathusii, kuhlii, and savii (Abelentsev & Popov 1956;
Krochko 1994; Zagorodniuk & Tkach 1996). Two of them, pipistrellus (PIP) and
nathusii (PIN), are widely distributed and ecologically similar species’. Their mor-
phological similarity is significant (Strelkov 1963 etc.) and comparable with the
level of similarity of many other pairs of closely related species, such as Myotis
myotis + blythii or Plecotus auritus + austriacus (Zagorodniuk 1998). There are no
special publications on these species from Ukraine, but some interesting data are
presented in a review of Ukrainian bats by Abelentsev & Popov (1956).

This investigation was initiated after our survey of collected specimens of
Pipistrellus nathusii in order to describe the seasonal dynamics of its geographical
range in Ukraine. Our preliminary research showed that more than 50 % of known
collected specimens of Pipistrellus must be re-identified and diagnostic keys should
be revised. Therefore, the main goals of this study are: (1) to study the morphologi-

% Recently it was shown that ultrasonic signals of the common pipistrelle from Ukraine refer to the form
"55 kHz", which is recognized as a separate species P. pygmaeus, as indicated in the previous issue of this
bulletin (Limpens, 2000), so the material regarding P. pipistrellus should be designated as "P. pipistrellus
(s. lato)» and most likely refer only to P. pygmaeus; all such materials are considered here as "P. pipi-
strellus» in broad sense.
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cal variation of collected specimens, (2) to describe their diagnostic features, (3) to
reveal general trends in morphological differentiation of related species.

Materials and methods

Bat collections of both of the central natural history museums of Ukraine were
studied: National Museum of Natural History (NMNH, Kyiv) and State Museum of
Natural History (SMNH, Lviv). Because of numerous mistakes in species identifica-
tion in collections, all available specimens of "nathusii" and "pipistrellus" were stu-
died and re-identified. The total number of studied specimens is 76 (specimens from
the exhitions were not studied).

Two groups of characters were analysed: 5 non-metric (2 external and 3 dental
features) and 10 metric characters (7 external and 3 skull measurements). The list of
characters was compiled after analysis of keys to species distributed in Ukraine
(Abelentsev & Popov 1956; Zagorodniuk ef al. 1999) and neighbouring countries
(Strelkov 1963; Kuziakin 1965; Pucek 1984; Woloszyn 1991).

The non-metric characters are as follows: (1) relative size of the second incisor
compared to the first one, (2) level of reduction and place of the smallest upper
premolar; (3) hiatus between the second and third lower incisors; (4) development
of the fur on the upper side of tail membrane; (5) relative size of the thumb. Dental
characters were studied using binocular microscope.

Metric characters of adult specimens are as follows: W — body weight, L —
body length, Ca — tail length, P/ — hindfoot length, Au — ear length, 7r — tragus
length, Ra — forearm length, CBL — condylobasal length of the skull, CM3 —
basal length of the upper tooth row, Mand — condylar length of the mandible.

Characters Ra', CBL, CM3, and Mand are our original measurements by calli-
per; values of other characters are taken from the original labels of collection speci-
mens. For each metric character, the mean value and standard deviation were calcu-
lated, and samples were compared using Mayr’s coefficient of divergence estimated
as CD = (X—Xj) / ((SD;+SD,)/2) and DIF index (level of difference between sepa-
rate characters).

Species names are abbreviated in the text as PIP (P. pipistrellus s. 1.) and PIN
(P. nathusii).

General characteristics of the specimens

In both studied collections, there are 76 specimens of Pipistrellus ex grex "na-
thusii + pipistrellus", 5 of which are stored SMNH and 71 in NMNH. Most speci-
mens are represented by study-skins with prepared skulls, while 9 specimens in the
collection of NMNH are fluid-preserved. According to initial identification (current
designations in the catalogues™®), 55 specimens are stored as "Pipistrellus pipistrel-
lus" and 21 specimens are stored as "P. nathusii" (Table 1).

* In most cases, the specimens have the same primary identification on the original labels.

74



Contrary to primary identifications, 43 % of specimens were re-identified.
Specimens of Nathusius' bat appears to be taxonomically homogenous and all Pipi-
strellus specimens stored as “nathusii” were identified as the same species. There is
an opposite situation for specimens of “pipistrellus”: 33 specimens of “pipistrellus”
were re-identified as “nathusii” and 59 % of the total available specimens of “pipis-
trellus” were identified earlier incorrectly.

Thus, the real ratio between the two studied species in zoological collections
contradicts to all traditional views (Abelentsev & Popov 1956; Zagorodniuk &
Tkach 1996). According to initial data, there are 55 PIP and 21 PIN, while based on
our revision there are 23 PIP and 53 PIN. Analysis of new data showed that all pre-
vious records of both species in the plain part of Ukraine should be attributed to
Nathusius’ bat, while Crimean records are P. pipistrellus only and records from the
Carpathian region include both species (but mostly P. pipistrellus).

Table 1. The number of known collected specimens of Pipistrellus pipistrellus and P. nathusii
in the two central natural history museums of Ukraine and results of their re-identification

Re-identification Deposited as "P. nathusii" Deposited as "P. pipistrellus" Total
NMNH SMNH NMNH SMNH both museums

P. nathusii 21 sp. 0 sp. 28 sp. 4 sp. 53 sp.

P. pipistrellus 0 sp. 0 sp. 22 sp. 1 sp. 23 sp.

total number 21 sp. 0 sp. 50 sp. 5 sp. 76 sp.

% of mistakes 0% 0% 56 % 80 % 43 %

Variation of the diagnostic characters

Variations of non-metric characters are relatively large. Diagnostically impor-
tant characters are those metric features that show low variability within the speci-
mens and noticeable differences between the average values. The traditional use of
Student's t-test is not correct in assessing the diagnostic significance of characters,
because this criterion evaluates differences between mean values rather than the
level of divergence or overlap of character values. Mayr’s divergence coefficient is
more convenient (and similar in calculation technique), which normalises the differ-
ence between means due to the dispersion of characters.

Data are summarised in Table 2.

For comparison, Table 2 includes two criteria, CD and DIF. According to the
data in Table 2, DIF shows the external features, while CD demonstrates the largest
differences in craniometric characters + forearm length.

Three of the studied craniometric characters were highly significant: 1) mandi-
ble length (Mand) CD = 6.49, 2) condylobasal length (CBL) CD = 5.36, 3) basal
length of the upper tooth row (CM3) CD = 3.48. According to these indices, the
specimens do not overlap (see Table 2). Thus, for mandible measurements (Mand)
the ranges are 7.7-8.6 and 9.2-9.7 mm (P. pipistrellus vs. P. nathusii). The length
of the forearm (Ra'") showed a smaller value: CD = 3.15.

75



Table 2. Values of metric characters in two close species of Pipistrellus from Ukraine and

their comparison using criteria CD and DIF

Metric P. pipistrellus P. nathusii Comparison
character mean + SD ‘ min—max I n mean + SD min—max n CD DIF
Weight

w 46 <+ 075 33-57 15 77 £ 159 50-115 19  2.65 67.4
Body

L 399 + 3.05 345440 18 489 =+ 227 437540 41 3.38 22.6
Ca 331 + 1.58 29.0-355 19 368 + 293 30.0-42.0 41 1.64 11.2
Pl 58 + 089 4570 18 7.0 =+ 0.79 5.5-8.9 33 1.43 20.7
Au 103 + 090 8.5-12.1 15 126 =+ [1.11 9.9-140 31 229 22.3
Tr 48 + 031 4253 11 64 <+ 091 5.0-8.0 15 2.62 333
Forearm

Ra 308 + [1.11 29.0-328 18 339 =+ [1.12 31.5-360 38 2.78 10.1
Ra' 304 + 098 29.0-323 21 332 + 0.80 31.8349 45 3.15 9.2
Skull

CBL 11.2 + 035 105-11.8 15 127 + 021 124-13.2 27 536 13.4
CcM3 40 <+ 015 3842 15 44 =+ 0.08 4.3-45 27  3.48 10.0
Mand 82 + 023 7786 14 94 <+ 0.14 9.2-9.7 24 6.49 14.6

In combination with non-metric characters (e.g., the gap between the lower in-
cisors is significant) and taking into account sex (females are larger) and age, spe-

cies identification is not so problematic.

Differences in the two main metric characters that are important for species di-
agnostics (forearm length and mandible length) are shown in figs 1-2.

Fig. 1. Distribution of the forearm length in
Pipistrellus  pipistrellus and P. nathusii
from Ukraine (measured on study skins,
separately for females and males).

pipistrellus
nathusii
28 30 32 34 36
v E H i " pipistrellus
nathusii
7,0 8,0

Fig. 2. Distribution of mandible length in
two related species of Pipistrellus: P. pipi-
strellus (above) and P. nathusii (below).
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Basal length of teeth-row (C-M3)

O nathusii
O nathusii - sad. Fig. 3. Distribution of
A PIP - mountain || two diagnostically sig-
A PIP - plain (city) nificant skull measure-
‘ ments in two related
10,0 11,0 12,0 13,0 14,0 bat species, Pipistrellus
nathusii  and P. pipi-
Condylobasal length (CBL) strellus (s. lato).

The nature of morphological differences

The ontogenetic component in the variability of traits is expressive in the whole
group of studied bats. In general, Pipistrellus pipistrellus is similar to subadult
specimens of P. nathusii. Moreover, it is important to consider the sex of specimens,
because males are always more juvenile: in both species, females are larger in all
measurements than males, and these sex-related differences are similar to species
differences. The comparison of species by metric characters shows that they form a
continuous univariate series "3 PIP — Q PIP — & PIN — Q PIN". Due to the over-
lap of data in the middle pair of this series (@ PIP vs & PIN), effective identification
could be provided by only taking into account sex and age. This feature was noticed
a long time ago. Kessler (1851: p. 3) wrote:

Kcrata a1 acumens 3gbes sambrate, uro mub cayvagocs nubre romanoss, ko-
TOpblE [0 MHOFHMD UDHIHAKAMTE 3AHEMAIH KAKB-0bl CPEARNHY Mekay ABYMA BEAama V.
pipistrellus u V, Nathusii. Mab aame xasatocr, wro massamie V. Nathusii gamo crapeimz
neabanmpive, a waspanie V. pipistrellus modoaptws, oanoatroaws weabauMeiME osnoro
n Toro-me Hepasibasmaro BBAa, HO 10 CHXD MOPE He yiadoch uub copars ocratou-
HbIXs AAHUBIXE, WTOGHI OpoH3HecTH No droMy Akay oxonwuareissoe phmenie.

Possible heterogeneity of Pipistrellus pipistrellus

The author found no significant differences between the two pipistrelle samples
and believes that all available materials should be assigned to the two mentioned
species, Pipistrellus nathusii and Pipistrellus pipistrellus s. 1. The latter is likely to
be identified as P. pygmaeus, given that the first detector tests in Ukraine showed
the presence of P. pygmaeus (ultrasonic signals at 55 kHz: Limpens, 2000).

It should be noted that most of the re-identifications of pipistrelles, which con-
cerned the misidentifications of young P. nathusii as “P. pipistrellus”, refers to
specimens that originate from the northern part of Ukraine. This gives rise to a mys-
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tery: re-identification of all northern (within Ukraine) “P. pipistrellus” as P. nathusii
suggests that “P. pipistrellus” was absent 50—70 years ago throughout the northern
part of Ukraine in general. However, P. pygmaeus was discovered namely in the
north (Chernihiv Oblast), which raises the question: why it did not appear in the col-
lections earlier, especially since it was found in a synanthropic location (colony in a
country club). Therefore, the answer to this question should be sought in the
changes of fauna and biological invasions.

Diagnostic characters and their stability

In all cases, metric characters are hightly significant for species diagnostics and
demonstrate good hiatus. Taking into account that the most important character in
primary study of both field materials and collected specimens is forearm length, the
author tested this metric character in old specimens and showed that metric features
decrease in time. Moreover, this "drying" is proportional to the value of characters,
and individuals with larger characters become clearly smaller (Fig. 4).

Thus, long-term storage of specimens affects the value of diagnostic characters
reaching 1 mm of 30-35 mm in forearm length, i. e. about 3 %. This is a significant
value because the hiatus between the species is the same.

Species abundance and geographical ranges

Results of re-identification completely changed our previous view on species
abundance. Pipistrellus pipistrellus appears to be a relatively rare and narrowly dis-
tributed bat species in contrast to earlier considerations. Collection materials show
that the geographical range of this species is restricted to the Carpathian region
(from Zakarpattia to Lviv Oblasts) and to the Crimea (up to Askania-Nova).

37

5°

33 +

Fig. 4. Correlation
between initial
(fresh materials)
O nathusii and secondary
(study skins)
measurements of
the forearm length
in two Pipistrellus
species from
Ukraine.

Forearm length, our data

A pipistrellus

P I
27 & : : : 3
27 29 31 33 35 37

Forearm length, from labels
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A more detailed picture of geographical ranges of the two studied species is
presented in Negoda & Zagorodniuk 2001.

Thus, most of the previous records of the pipistrelle bat, at least based on the
known collected specimens, should be recognised as erroneous. Modern records of
P. pipistrellus in Podolia (V. Tyshchenko, pers. comm.), Kyiv (L. Godlewska, pers.
comm.), and Sumy Oblasts (Gavrys ef al. 1997) can be classified as follows: 1) the
species is present in most part of Ukraine, but its abundance is low, and these re-
cords are not confirmed by collected materials, 2) the species expanded its range
during the last 2-3 decades after the period when the known museum specimens
were collected. In any case, previous descriptions of the pipistrelle bat in the main
part of Ukraine by Abelentsev and Popov (1956) are incorrect.

Conclusions
To sum up the results of collection analysis we can conclude:

1. Many researchers have regular problems with species identification. About 50—
70 % of available collected specimens were re-identified during this research.
The latter is one of the reasons that both traditional and modern views on distri-
bution and migratory status of these two species are too preliminary and need to
be revised. The main reason for erroneous definitions is the fact that young
P. nathusii were accepted for “P. pipistrellus”.

2. All collection materials of P. pipistrellus (after re-identifications of some speci-
mens as young P. nathusii) are a homogeneous sample that cannot be divided
into two “small” species; but taking into account the field identifications of
"lesser" pipistrelle as "P. pygmaeus", the author suggests that collection speci-
mens of "P. pipistrellus" can be preliminarily referred as "P. pygmaeus".

3. In both species, females are larger in all measurements than males, and these dif-
ferences are similar to species differences. Comparison of species by metrics
shows that they form a continuous series: &' PIP — @ PIP — & PIN — @ PIN.
Due to the overlap of data between sexes of different species (9 PIP vs & PIN),
effective identification can be provided considering sex-related variation.

4. Analysis of changes of charactres in collection specimens during their long-term
storage showed that metric features decrease over time. This decrease is propor-
tional to the value of characters and in individuals (as well as species) with larger
characters the effect of "drying" is greater, while the studied characters are almost
unchanged in smaller individuals.
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Pe3rome

34roro/HIOK 1. Minnueicmos ma Oiaznocmuka 060X 01u3bKux 6udi¢ Kaxycawnie 3 YKpainu:
Pipistrellus nathusii ma P. pipistrellus (sensu lato). — Po3risiHyT0 MiHIUBICTE MOP(QOMETPHIHIX
Ta KpaHIOMETPHYHHUX O3HAK HETONMpIB rpymnu Pipistrellus nathusii ta P. pipistrellus. JlocnimkeHo
MIHJIUBICTh TAKUX MOKA3HHKIB, K Maca Tia (W), 4 cranmapTHux ekcrep’epuux Bumipu (L, Ca, Pl,
Au) Ta 1Ba 10JaTKOBI eKCcTep €pHI BUMIpH BaXIHBi i BuBYeHHA KakaHiB (Tr, FA), Tpu BuMipu
gyepena (CBL, CM3, Mand). Y nponecci BUBUCHHS KOJEKIiil IPOBEICHO peieHTUdiKamiio 3pa3KiB
3 ypaxyBaHHIM «TPaIMLIHHAX» KIOYIB Ta JOCIIPKEHUX METPUYHUX O3HAK (3 ypaxyBaHHsSM cTati i
BIKY), 110 IO3BONHJIO peigeHTHdikyBatn 45 % KonekuiiiHux 3paskis. Bci 3pasku 3 momMmikamu BU-
3HAYEHHS — 11€ 3pa3ku P. nathusii (mepeBakxHO MOJIO1 0OCOOMHU), 110 OYJH ineHTH(DIKOBaHI KOJEK-
TOpaMH sK «P. pipistrellusy.
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