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Buau-aBininkn muwen poay Sylvaemus Ognev, 1924 (Mammalia, Rodentia)

B YKpaiHcbkux Kapnartax
3onTtaH Bapkaci

Y perioHi YkpaiHcbknx KapnaT Tpannsiotbcs Tpu Bugy pogdy Sylvaemus: muwak xostorpyaun (S. tauricus),
muLwak nicosun (S. sylvaticus) Ta muwak ypanecbkuii (S. uralensis). NMuTaHHA TakcoHOMIT poay Ta igeHTudikauii
BUAIB Yy AEAKUX YacTMHaxX apeany 3anuwaroTbCs AUCKYCIMHUMW, a Yy perioHi YkpaiHcbkmx KapnaT B3arani €
HegocTaTHbO BMBYeHMMWU. Hamu gocnimkeHo noHaa 250 3paskis mulen pogy Sylvaemus, 3006yTuX y perioHi
YkpaiHceknx KapnaT, 3 HWX MOpgOMETpU4HO npoaHanizoBaHo 216 3paskiB 3a 4 ekcTep’epHuMM Ta
11 kpaHianbHUMK o3Hakamu. [MokasaHo, WO 3a NiHIMHXMMK po3Mipamu Tina nuwe S. uralensis ineHTUIKyeTbCS
3 BMCOKOIO BiporigHicTio. [ns napu Buais tauricus—sylvaticus HanMeHLL MiHNUBOKO cepep NiHINHWMX po3MmipiB Tina
€ JOBXWHA 3a4HbOI CTOMW, WO MOXHa po3rnaaaTn iarHOCTUYHOK O3HAKOK, Xo4a ANs HEl TakoX XapakTepHe
Aesike NepekpmBaHHA 3HayeHb. [Ans npaBunbHOI igeHTudikauii BuaiB HeobxigHO 3acTocyBaTy KpaHiOMETPUYHI
o3Haku. Cepep BMBYEHNX HamMK 11 kpaHiOMETPUYHMX O3HAK HaVMEHLL MiIHMMBUMUK ANs napwu tauricus—sylvaticus
€ OOBXMHa BepxHboro psigy monspis (M13), wupuHa (CRB) Ta Bucota (CRH) Mo3koBoi kancynu. 3miaHi
BMOIpKM OOPOCNNX OCOOWMH TPbOX BUAIB MOXHA PO34inuMTV 3 MiHiManbHUM abo nMpakTuyHO 6e3 nepekpuTTs
3Ha4YeHb 3a BIAHOWEHHAM [OBXWHW BEPXHbOrO psay MOnspiB A0  LMPUHW  MO3KOBOI  Karncynu,
KoHOMnobasanbHOi OOBXMHM Yepena Ta AOBXWHW crnyxoBoro 6apabaHy. AHami3 CTyneHlo nepekpuBaHHs
3HayeHb OKpPeMWUX O3HaK y Aopocnux ocobuH Mokasas, Wo napa BugiB S. tauricus—S. sylvaticus HanbinbLue
po3xoaATbCs 3a TakMMu O3HaKkaMmu, K JOBXMHA BepxHboro psay monspis (M13), wupuHa (CRB) Ta Bucota
(CRH) mo3koBoi kancynu, koHaunobasansHa goBxuHa Yepena (CBL) i goBxuHa criyxoBoro 6apabaHy (BUL).
Mopi6Ha TeHaeHuiss Oyna BusiBneHa i ans napu S. sylvaticus—S. uralensis. Po3pobneHo perioHanbHWiA
AiarHOCTUYHMI KMoy Ans ineHTudikauii gopocnmx ocobuH, sk [o3Bonsie BiporigHo ineHTugikysatn 93,5%
3pa3kiB. 3aBOsKM MepeBU3HAYEHHIO 3paskiB NnokasaHo, Wwo S. tauricus mae HambinbLl LUMPOKY BUCOTHY Ta
GioTonHy npedpepeHLii, S. sylvaticus TpannsieTbcs nepeBaXkHO Yy BOSOrMX 3annaBHux OioTonax (nicw,
YarapHuKn), Mamke BUKIIOYHO Y3[0BX PiYKOBUX AONWH, MO SKMM MPOHMKAE Aaneko B ropu, a S. uralensis
npeacTaBfeHnin HeYUCNEHHUMM 3HaxiakamMu 3 PiBHUHHUX 3annaBHKUX GioTonie.

KnrouoBi cnoBa: mopgposnoziyHa miHnugicms, Sylvaemus, sudogea diazHocmuKa, nowupeHHs, Kapnamu.

Sibling mice species of the genus Sylvaemus Ognev, 1924 (Mammalia,

Rodentia) in the Ukrainian Carpathians
Zoltan Barkaszi

Three species of the genus Sylvaemus occur in the region of the Ukrainian Carpathians: the yellow-necked field
mouse (S. tauricus), the long-tailed field mouse (S. sylvaticus) and the pygmy field mouse (S. uralensis). Issues
of the genus’s taxonomy and identification of species have remained controversial in some parts of the
geographic range, while in the Ukrainian Carpathians they have been studied scarcely at all. We studied about
250 mice specimens from the Ukrainian Carpathians belonging to the genus Sylvaemus, among which 216 were
analysed morphometrically based on 4 external and 11 cranial characters. Results indicate that by linear body
dimension only S. uralensis can be differentiated with high probability. For the pair of species tauricus—
sylvaticus, the hind foot length is the least variable among linear body characters, which might be considered
diagnostic, although values of this character also tend to overlap. To identify species correctly, it is necessary
to use craniometrical characters. For the pair of tauricus—sylvaticus, the least variable among the 11 studied
characters are the upper molars length (M13), braincase width (CRB), and braincase height (CRH). Mixed
samples of adult specimens of the three species can be differentiated with minimal or practically no overlap by
using the relation of the upper molars length to braincase width, condylobasal length, and auditory bulla length.
Analysis of characters’ uniformity in adult specimens showed that S. tauricus and S. sylvaticus differ from one
another the most by the upper molars length (M13), braincase width (CRB), braincase height (CRH),
condylobasal length (CBL), and auditory bulla length (BUL). A similar tendency was revealed for the pair of
S. sylvaticus and S. uralensis. A regional identification key was developed for differentiation of adult mice, which
allows identifying reliably 93.5% of specimens. Results of the revision of samples suggest that S. tauricus has
the widest altitudinal and habitat preferences, S. sylvaticus occurs mainly in humid floodplain biotopes (shrubs,
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woods) entering far into the mountains along river valleys, while S. uralensis is represented only by few records
from lowland floodplain habitats.

Key words: morphological variation, Sylvaemus, species identification, distribution, Carpathians.

Buabl-gBOMHMKM Mbiwen poga Sylvaemus Ognev, 1924 (Mammalia,

Rodentia) B YkpanHckux KapnaTtax
3onTaH Bapkacu

B pervoHe YkpauHckux Kapnat BcTpevatoTcsd Tpy BMAa poda Sylvaemus: Mbllwb xentoropnas (S. tauricus),
Mbilb eBponerickas (S. sylvaticus) n Mbiwb rnecHas (S. uralensis). Bonpockbl TakcoHomun poga Ta
naeHTuUKauum BUOOB B HEKOTOPLIX YacTAX apeana OCTalTCsA AUCKYCCUOHHBLIMU, a B PErvoHe YKpauHCKUX
Kapnat Boo6Lle HegocTaTovyHO wM3ydeHbl. Hamu uccnegoBaHo Gonee 250 3k3eMnnsipoB Mbilei popa
Sylvaemus, pobbITeix B pervoHe YkpauHckux Kapnat, n3 Hux mMopdomMeTpuyecku npoaHanuampoBaHo 216
06pa3uoB no 4 akcTepbepHbIM U 11 KpaHManbHbIM Npu3Hakam. okas3aHo, YTO MO NIMHENHBIM pa3Mepam Tena
nvwb  S. uralensis naeHTUOULMPYETCH C BbLICOKOW BEpOATHOCTbIO. [Ins napbl BUAOB tauricus—sylvaticus
HavMeHee U3MEHYMBOW CPeaM NNHENHBIX pa3MepOoB Tena ABMAEeTCH ANMHa 3aHen CTYMHKU, XOTS AN Hee Toxe
XapaKTepHO HEeKOTOpoe MnepeKpbiBaHWe 3HayeHun. [nsi KOppekTHOW uaeHTudukaumm BMOOB HeobxoanMo
ncnonb3oBaTb KpaHMomMmeTpuyeckue npuaHaku. Cpegn usydeHHblX Hamu 11 KpaHMOMETPUYECKUX MPU3HAKOB
HavMeHee M3MeH4YMBbLIMW ANA napbl tauricus—sylvaticus siBnslOTCS AnuHa BepxHero psga monsapos (M13),
wupuHa (CRB) un Bbicota (CRH) mo3roBow kancynbl. CMellaHHble BbIGOPKM B3poCrbix ocobent Tpex BuaoB
MOXHO pasgenuTb C MUHUMAIbHbBIM UK NpakTU4eckn 6e3 nepekpbliBaHWs 3HAYEHWUIA, UCMOMNb3ys OTHOLLUEHUE
ANWHbI BEPXHErO psida MOMSPOB K WMPUHE MO3roBOW Kancysbl, KoHAMNoba3anbHOM AnNuHbLI Yepena v OMVHbI
cnyxoBoro 6apabaHa. AHanu3 cteneHn nepekpbiBaHNs 3HaYeHW OTAEeNbHbIX MPU3HAKOB Y B3pOCHbIX 0coben
nokasarn, 4To napa BugoB S. tauricus—S. sylvaticus Hanbonee pacxogaTcs Mo TakMM MpU3HaKkaM, Kak AnuvHa
BepxHero psiga monsipoe (M13), wmpuHa (CRB) u BbicoTa mo3sroBow kancynbl (CRH), koHgunobasanbHas
anvHa vepena (CBL) u anuHa cnyxosoro 6apabaHa (BUL). Moxoxas TeHAeHUust Obina BbisiBNeHa v ans napbl
S. sylvaticus-S. uralensis. Pa3paboTaH pervoHanbHbI AMarHoCTUYECKMI KoY Ans naeHTUdunkaumm B3pocribix
ocobelt, KoTophIi No3BoNseT naeHTuduUmMpoBaTtb 93,5% obpasuoB. bnarogaps nepeonpeaenexHnio ob6pasuos
nokasaHo, 4YTo S. tauricus nmeeT Hanboree LWMPOKYIO BbICOTHYIO M BuoTonunyeckyto npedepeHumm, S. sylvaticus
BCTPEYaETCH B OCHOBHOM BO BraXHbIX MOMMEHHbIX GuoTonax (neca, KyCTapHWKM), MOYTU UCKIIOYUTENBHO
BAOMb pPEYHbIX [ONWH, MO KOTOpbIM MNPOHUKAET pfaneko B ropbl, a S.uralensis npeacrasneH
HEMHOrOYNCNEHHBIMU HAaXoAKaM1 N3 PaBHUHHBIX NOMMEHHBLIX GUOTOMOB.

KnioueBble cnoBa: mopghorozudeckass — uaMmeHyusocmb,  Sylvaemus, eudosasi  duasHocmukKa,
pacnpocmpaHeHue, Kaprameai.

Introduction

Field mice of the genus Sylvaemus are common species in the mammal fauna of Europe. The
species richness of the genus increases in Europe eastward: in Western Europe sympatrically occur
S. tauricus and S. sylvaticus, in Central Europe there is a third species — S. uralensis, while in Eastern
Europe a fourth one — S. witherbyi — appears (Orlov et al., 1996). Accordingly, in the region of the Ukrainian
Carpathians three species co-occur (Barkaszi, Zagorodniuk, 2016), namely the yellow-necked field mouse
S. tauricus, the long-tailed field mouse S. sylvaticus, and the pygmy field mouse S. uralensis. Moreover,
the Carpathian region represents the south-western range edge of the latter (KryStufek et al., 2008). Due
to the exceptionally high morphological similarity between the three species, their differentiation and thus
the genus’s taxonomy is rather a complex issue, which in many parts of the geographic range have yet
remained debatable (Chelomina et al., 2007). Zimmermann (1962) first proposed to divide the Palearctic
genus Apodemus into three subgenera: Apodemus, Sylvaemus, and Alsomys. Among them, Apodemus is
sympatric with the two other subgenera, but it co-occurs in Eastern Europe only with Sylvaemus.

Morphological similarity between the field mouse species is related to the specifics of their evolution.
Earlier it was suggested that the common ancestor of S. tauricus and S. sylvaticus appeared in Europe in
the late Pliocene, most likely from eastern regions, and diverged rapidly due to allopatric speciation
(Michaux et al., 2003). During the Quaternary, S. sylvaticus survived the glaciations in the Iberian
Peninsula, wherefrom it recolonized almost the whole rest of Europe in the end of the last glaciation, while
S. tauricus recolonized Europe, including northern Spain, during the Holocence from an Italo-Balkan
refugium, where in this time S. sylvaticus suffered a serious “bottleneck effect” (Michaux et al., 2005).
Further studies showed that S. tauricus likely survived the last glacial maximum in at least two refugia
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located on different banks of the Danube (Bugarski-Stanojevi¢ et al., 2008), while S. sylvaticus also could
recolonize Europe from a second (northern) refugium as well possibly located in the Dordogne or
Carpathian region (Herman et al., 2017). The third species, S. uralensis, is represented by two races, a
European and an Asian, respectively (Chelomina et al., 2007). Paleontological data confirm the results of
molecular phylogeographic research, although indicate sufficient differences between the species by the
dynamics of colonization of their range (Knitlova, Horacek, 2017).

The existing phenotypic similarity between field mouse species is presumably the result of a long
evolutionary process under similar ecological conditions (Joji¢ et al., 2014). Dzeverin and Lashkova (2012)
estimating the tempo of divergence in species of the genus Sylvaemus concluded that the group is in the
state of an evolutionary stasis and its divergence, which occurred by both the size and form of the skull,
has been slowed down by stabilizing selection.

According to Zagorodniuk and Kavun (2000), the increase of general dimensions, i.e. phylogenetic
growth, can be considered the main vector of changes in the evolutionary line of Sylvaemus. Therefore,
age-related variation and fixation of different stages of ontogenetic development in adults are the basis for
the emergence of differences between closely related species. The growth of the group in general is
repeated in the postnatal ontogenesis of the large species meaning that on early stages of ontogenesis
such species will represent an ontogenetic equivalent (morphological copy) of older age stages of its
smaller sibling.

Views of researchers of the fauna of Ukraine and of the Ukrainian Carpathians on the identification
of Sylvaemus species based on morphological characters — both external and cranial — remain
controversial. Due to the absence of a clear scheme of species diagnostics, each researcher prefers using
different “key characters” (e.g., presence/absence and form of the chest spot, hind foot length, tooth row
length, etc.). However, such approach often led to the amassment of mixed samples and distorted
conclusions on distribution, habitat preferences and other ecological features of field mice in the region.

A plenty of studies were conducted into the morphological variation of field mouse species in order
to shed light on the taxonomic structure of the genus Sylvaemus, and many attempts were made to develop
a convenient scheme for species identification. Such research become more complicated by the fact that
typical “tauricus-related” characters can appear in populations of S. sylvaticus as well due to low species
divergence (Tchernov, 1979). Odontological characters, which are relatively convenient and useful in
species diagnostics of voles, are rather polymorphic within the genus Sylvaemus and each variant can
appear in any of the species, thus this criterion is usually unreliable (Tchernov, 1979).

Morphometric differences between the field mouse species were studied in details mainly for
taxonomic and diagnostic purposes. In particular, several attempts were made to find diagnostic criteria by
odontometric characters (e.g., Haitlinger, Ruprecht, 1967; Demeter, L&zéar, 1984; Panzironi et al., 1993)
and morphometric characters of the lower jaw (e.g., Demeter, Lazar, 1984; Lashkova et al., 2006). Yet
most research were devoted to the study of variation of craniometrical characters using traditional and
geometric morphometry and multivariate analyses (e.g., Cranbrook, 1957; Fielding, 1966; Niethammer,
1969; BalcCiauskiené et al.,, 2002; Vohralik, 2002; Janzekovi€, KryStufek, 2004; Cserkész, 2005;
Chassovnikarova, Markov, 2007; Bar&iova, Macholan, 2009; Joji¢ et al., 2014; Canady, MoSansky, 2015).
Such studies were conducted on field mice of Eastern Europe as well (e.g., Mezhzherin, Zagorodniuk,
1989; Vorontsov et al., 1992; Popov, 1993; Zagorodniuk, 1996; Lashkova, Dzeverin, 2002; Mezhzherin et
al., 2002; Lashkova et al., 2005).

Relatively sufficient regional craniometric differences were shown for distinct populations of both
S. sylvaticus (Canady, MoSansky, 2015) and S. uralensis (Canady et al., 2014), particularly in relation to
the elevation and even on short geographic distances (within 1°). Therefore, development of regional
identification keys is crucial, as it was concluded earlier (e.g., Demeter, Lazar, 1984; Barc¢iov4, Macholan,
2009). Special studies on the diagnostics of field mice of the Ukrainian Carpathians have not been
conducted before, and researchers of the local fauna usually used identification criteria developed on
geographically mixed samples.

Controversial or incorrect species identification of Sylvaemus specimens in the past certainly
distorted the real picture of distribution of field mice in the region. We can be convinced of this if analyse
the works of authors of the mid-20th century (subsequent authors often cited these works without critical
analysis or revision of data). Some of them considered that S. sylvaticus has low abundance in the region
(Sokur, 1952; Kolyushev, 1953; Tatarinov, 1956) and occurs only in lowland and piedmont areas (Sokur,
1952; Kolyushev, 1953). Another view, according to Shnarevich (1959), is that the long-tailed field mouse
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in Bukovina occurs mainly in piedmont and mountain areas. Other zoologists (Tatarinov, 1956; Turyanin,
1959) considered S. sylvaticus as one of the most common and widely distributed rodents in the region.
Obviously, each of these researchers were using different diagnostic characters and approaches to species
identification, which eventually led to controversial conclusions on the distribution of field mouse species in
the Ukrainian Carpathians.

The distribution of S. uralensis in the region is the least explored. This species is known from
practically all parts of Ukraine, yet it is considered more common for the eastern regions (Naglov, 1995;
Mezhzherin et al., 2002). In the Ukrainian Carpathians, the presence of S. uralensis had been long denied,
although Turyanin (1959) was practically the first who draw attention on the occurrence of “large and small
forms of S. sylvaticus” in the fauna of Transcarpathia (i.e. Zakarpattia Oblast). However, the first record of
S. uralensis in the Ukrainian Carpathians was reported only in 1980 (Polushina, Voznyuk, 1980), and later
the existence of an isolated highland population of the species on Sheshurska polonina of the Chornohora
range was reported as well (Kyselyuk, 1993). Few records of S. uralensis are known from the region of the
Ukrainian Carpathians, although the pygmy field mouse is a common species in adjacent lowland regions
of neighbouring countries (Cserkész, 2005; Cichocki et al., 2011; Canady et al., 2014).

The aim of the present research was to analyse the morphological features of field mice of the
Ukrainian Carpathians and to develop a regional key for species identification. Based on the revision of
samples, we also aimed to clarify the distribution and habitat preferences of field mice in the region.

Material and methods

About 250 specimens of field mice of the genus Sylvaemus collected in the region of the Ukrainian
Carpathians were analysed from the mammal collection of the National Museum of Natural History, NAS
of Ukraine (Kyiv) and from the author's working collection. Data on linear body dimensions and
measurements of cranial structures were obtained from 216 specimens, among which 164 were identified
eventually as S. tauricus, 32 as S. sylvaticus, and 6 as S. uralensis. Record localities of specimens are

shown on Fig. 1.
\\? Legend
A Record localities
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Fig. 1. Record localities of the studied mice specimens of the genus Sylvaemus

The relative age of specimens was determined according to the scheme “juvenilis—subadultus—
adultus” based on a set of characters including general body and skull dimensions, skull sculpture and level
of tooth crown wear (Delany, Davis, 1961; Adamczewska-Andrzejewska, 1967).

Morphological variation of specimens was studied using study skins, linear body dimensions (body
length L, tail length Ca, hind foot length PI, and auricle length Au) and 11 cranial characters. The latter were
selected after an extensive survey of former publications in which these characters turned out to be the
most promising for species diagnostics. The analysed cranial characters are as follows: IM3, upper tooth
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row coronal length; M13, upper molars coronal length; FIL, incisive foramina length; FIB, incisive foramina
width; NAL, nasal bones length; NAB, nasal bones width; ROH, rostral height of the skull; CBL,
condylobasal length of the skull; CRB, braincase width measured between ectotympanic bones; CRH,
braincase height; BUL, auditory bulla length.

The scheme of cranial measurements is shown on Fig. 2.

Fig. 2. Scheme of cranial measurements. 1-2 NAL, 3—-4 NAB, 5-6 M13, 7-8 FIL, 9-10 FIB, 11—
12 CRB, 13-14 BUL, 15-16 IM3, 17-18 ROH, 19-20 CBL, 21-22 CRH

Metric data were processed statistically using electronic spreadsheets and analysed by the following
parameters: minimal value (Min), maximal value (Max), arithmetic mean value (Mean), standard deviation
(SD), and coefficient of variation (CV). The uniformity of different datasets was estimated using Mayr’s
coefficient of divergence (CD).

Maps were created by QGIS software using Google, personal and public domain layers.

Results and discussion

Variation of external morphological characters

As siblings, field mice have a highly similar external look by both colouration and details of body
structure. In addition, different age groups of one species morphologically often resemble other age groups
of another species (e.g., see Cserkész, 2005; Stetsula, 2012).

Practically there are no non-metric external characters, which allow reliable identification of field mice
specimens. During species identification, the attention is usually paid first to the presence and outlines of
the chest spot, which is, according to the “traditional” view, similar to a collar in S. tauricus or to a tie or a
blurred drop in S. sylvaticus, while S. uralensis has no chest spot at all (Fig. 3). Yet in case of field mice
from the Ukrainian Carpathians this character seems to be highly variable and the chest spot can be very
alike in S. tauricus and S. sylvaticus (Fig. 4).

Species identification based on linear body dimensions is also problematic. Most of the external
metric characters is relatively highly variable (Table 1) and in case of correct preliminary age determination
body dimensions allow to reliably differentiate only specimens of S. uralensis (Fig. 5). For the pair of species
tauricus—sylvaticus, the hind foot length is the least variable among linear body characters, which might be
considered diagnostic, although values of this character also tend to overlap.

Thus, using only external characters for species identification in field mice leads to unreliable results
hence it is necessary to involve craniometric characters as well (see further). For instance, using the hind
foot length in combination with upper molars length decreases the overlap of values and increases the
diagnostic weight of the hind foot length (Fig. 6).

Cepis «Bionoris», Bun. 31, 2018p.
Series “Biology”, issue 31, 2018



Buau-aBinHuku muwen poay Sylvaemus Ognev, 1924 (Mammalia, Rodentia) B YkpaiHCbKuX ...
Sibling mice species of the genus Sylvaemus Ognev, 1924 (Mammalia, Rodentia) in the Ukrainian ...

Fig. 3. Form of the chest spot in Sylvaemus Fig. 4. Similar drop-like chest spots in
species: collar in S.tauricus (a); tie in S.tauricus (a) and S.sylvaticus (b), a
S. sylvaticus (b) and no spotin S. uralensis (c) character that may lead to incorrect species

identification

Table 1.
Variation of external metric characters in adult mice of the genus Sylvaemus from the
Ukrainian Carpathians

Species Character N Min Max Mean SD Cév
mm mm mm %)
L 139 85.0 124.0 102.7 7.69 7.49
S, tauricus Ca 133 80.0 127.0 102.1 8.80 8.63
' PI 140 23.0 26.2 24.1 0.79 3.27
Au 136 15.0 21.0 17.7 1.09 6.18
L 8 91.9 108.7 98.4 6.47 6.58
S svivaticus Ca 8 91.0 113.0 99.5 8.57 8.61
gl PI 8 223 23.9 23.0 0.67 2.92
Au 8 15.5 18.3 16.8 0.97 5.77
L 4 83.5 88.5 87.0 2.33 2.68
S uralensis Ca 4 76.0 89.0 83.5 5.57 6.67
' PI 4 18.0 19.3 18.8 0.57 3.02
Au 4 13.1 14.0 13.7 0.40 2.95
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Fig. 5. The relation between the hind foot Fig. 6. The relation between the hind foot
length (Pl) and body length (L) length (Pl) and upper molars length (M13)

Variation of craniometric characters
Among the 11 studied craniometric characters, the least variable for the pair of species tauricus—
sylvaticus are the upper molars length (M13), braincase width (CRB), braincase height (CRH) (Table 2). In
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case of S. uralensis, comparison of coefficients of variation with those in other species would be incorrect
due to the small number of specimens in the pygmy field mouse sample.

Some other characters with relatively higher levels of variation also can be used for species
identification as additional criteria, and their diagnostic value is higher when used in combination with the
least variable characters. In particular, mixed samples of adult specimens of the three field mouse species
can be discriminated with minimal or practically without overlap of values using the relation of upper molars
length to braincase width (Fig. 7), condylobasal length (Fig. 8), and auditory bulla length (Fig. 9). The
probability that values would overlap in the pair of tauricus—sylvaticus increases in the space of such
characters as M13/NAL (Fig. 10), M13/ROH (Fig. 11) and M13/FIL (Fig. 12).

Data analysis showed that combinations of some other craniometric characters (i.e. not in
comparison to M13) can also be used in species identification as additional criteria, particularly in cases
when skulls are damaged, especially their diagnostically relevant structures. However, these characters
show a greater overlap of values, for example, CRB/FIL and CRH/CRB in the pair of tauricus—sylvaticus,
while in case of CRH/BUL, NAL/CRB and CRB/ROH extreme values overlap in all three species.

Table 2.
Variation of craniometric characters in adult mice of the genus Sylvaemus from the Ukrainian
Carpathians

. Min Max Mean Ccv
Species Character N mm mm mm SD %
IM3 149 11.9 14.9 13.3 0.67 5.04
M13 150 3.9 4.5 4.2 0.13 3.07
FIL 150 4.9 6.2 55 0.28 5.08
FIB 149 1.7 2.3 2.0 0.14 6.88
NAL 137 9.2 11.9 10.5 0.55 5.27
S. tauricus NAB 142 2.8 3.9 3.3 0.23 7.04
ROH 149 5.7 7.1 6.4 0.31 4.75
CBL 130 24.3 28.6 26.2 1.12 4.27
CRB 124 10.7 12.6 11.6 0.41 3.53
CRH 123 8.5 10.5 9.5 0.39 4.11
BUL 132 4.6 5.6 5.1 0.21 4.16
IM3 29 10.6 13.4 11.6 0.62 5.36
M13 30 3.6 3.9 3.8 0.04 2.21
FIL 30 4.7 5.8 5.2 0.33 6.30
S. sylvaticus FIB 29 1.8 2.3 2.0 0.17 8.46
NAL 24 8.3 10.6 9.2 0.61 6.68
NAB 25 2.5 3.4 2.9 0.22 7.62
ROH 29 4.9 6.5 5.6 0.36 6.35
CBL 15 20.4 24.4 22.5 1.21 5.35
CRB 10 10.3 10.8 10.5 0.16 1.47
CRH 11 8.2 8.9 8.6 0.25 2.93
BUL 20 3.9 4.8 4.4 0.24 5.48
S. uralensis IM3 3 10.9 11.1 10.0 0.13 1.15
M13 4 3.2 3.4 3.3 0.07 2.22
FIL 4 4.3 4.8 4.5 0.21 4.62
FIB 3 1.4 1.6 1.5 0.10 6.86
NAL 1 8.7 8.7 8.7 — —
NAB 1 2.6 2.6 2.6 — —
ROH 3 5.4 5.6 55 0.12 2.19
CBL 3 20.9 21.4 21.1 0.27 1.27
CRB 3 9.9 10.2 10.0 0.15 1.48
CRH 3 8.0 8.1 8.1 0.05 0.62
BUL 4 4.0 4.2 4.1 0.08 1.85
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Total overlapping of values was observed when analysing the relation of nasal bones length to rostral
height (NAL/ROH) and to incisive foramina length (NAL/FIL) thus such combinations of characters are
unsuitable in species diagnostics.

General trends of variation and approaches to species diagnostics

Previous research into the geographical variation of species of the genus Sylvaemus showed that
general body dimensions of S. sylvaticus in Europe increase westward, while in S. uralensis and S. tauricus
body size increases eastward (Zagorodniuk, 1996). The geographic range of all three species overlap in
Central Europe, thus in the Carpathian region we can observe an overlap in the species’ morphological
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characters as well, which complicates species identification. Considering the relatively sufficient variation
of field mice even on small geographic distances, the development of regional identification keys is
extremely important for reliable species diagnostics.

According to our results, external (both metric and non-metric) characters allow to discriminate
reliably only S. uralensis from the other two species, while craniometric characters with the lowest
coefficients of variation can be used for identification of adult specimens of all three species. Analysis of
characters uniformity in adult specimens showed that S. tauricus and S. sylvaticus differ from one another
the most in upper molars length (M13), braincase width (CRB), braincase height (CRH), condylobasal
length (CBL), and auditory bulla length (BUL). A similar tendency was revealed for the pair of species
S. sylvaticus—S. uralensis, although we draw attention again to the small number of S. uralensis specimens
in the studied sample (Table 3). Besides, there is also a tendency that characters of length are reliable for
diagnostics more often than characters of width and height.

Table 3.
Mayr’s coefficients of divergence (CD) for craniometric characters of adult mice of the genus
Sylvaemus from the Ukrainian Carpathians

Species | IM3 M13 FIL FIB NAL NAB | ROH | CBL | CRB | CRH BUL
tau—syl | 2.49 3.73 0.97 0.04 2.27 1.78 2.38 3.12 3.54 2.58 2.97
syl-ura | 1.05 4.85 1.90 2.52 — — 0.33 1.18 2.52 2.27 1.19

Note: characters having the least uniformity are given in bold.

Considering all of the revealed differences between the field mouse species, we propose a regional
diagnostic key for their identification. Using this key, we could reliably identify 202 of the 216 examined in
details mice, i.e. 93.5% of specimens. In particular, 12 of 164 specimens (7.3%) of S. tauricus were re-
identified from the sample of S. sylvaticus, 5 of 32 specimens (15.6%) of S. sylvaticus were re-identified
from the sample of S. tauricus, while all 6 specimens (100%) of S. uralensis were re-identified from the
sample of S. sylvaticus. The absence of field mice originally identified as S. uralensis in the collections is
might be related to the fact that the species status of the pygmy field mouse had not been long accepted
in the region, and detailed revision of the Carpathian field mice samples was not conducted before.

Problematic specimens, which we could not reliably identify, were those with highly damaged skulls
in which, respectively, we could not examine diagnostically important characters. Thus, the proposed
scheme works the best for specimens with the fullest set of characters, especially craniometric characters.

Key for the identification of mice of the genus Sylvaemus

The proposed here diagnostic key was developed for identification of field mouse species of the
genus Sylvaemus collected in the region of the Ukrainian Carpathians. The probability of correct
identification is the highest when the material being diagnosed is fully represented, i.e. the skin and linear
body dimensions are available, and, more importantly, cranial material is intact or minimally damaged.
However, the key can be also applied for specimens from adjacent regions, although with the increase of
distance the key's effectiveness will decrease, respectively.

1 Chest spot absent. Body length to 90 mm. Hind foot length less than

20 mm.
—  Chest spot present. Body length to 125 mm. Hind foot length more than

20 mm. 3
2 Upper molars length 3.2—3.4 mm. Incisive foramina width 1.4-1.6 mm.

S. uralensis
3 Upper molars length 3.6-3.9 mm. Braincase width less than 10.5 mm.
Condylobasal length 20—-25 mm.
S. sylvaticus
—  Upper molars length 3.9—4.5 mm. Braincase width more than 10.5 mm.
Condylobasal length 24—28 mm.
S. tauricus
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In case of identification of damaged and problematic specimens, when some of the characters
proposed in the key are unavailable, and in order to increase the reliability of identification it is worth
considering the studied specimen in a space of two characters, particularly of those shown on Figs 7-12.

Distribution of field mice in the region

Analysis of specimens from personal and museum collections showed that the general distribution
(Fig. 13) and habitat preferences of field mice in the region of the Ukrainian Carpathians do not differ
substantially from those in other parts of the geographic range (Marsh, Harris, 2000; Kuncova, Frynta,
2009), including Ukraine (Mezhzherin et al., 2002; Hoofer et al., 2007).

\\q Legend

& S rauricus
O S. sylvaticus
1 S. wralensis

[ Border of Oblasts

0 25 50 km
_—

Fig. 13. Distribution of three species of Sylvaemus in the region of the Ukrainian Carpathian
based on re-identification of specimens

Data suggest that S. tauricus has the widest altitudinal and habitat preferences among field mice of
the studied region and occurs from the lowlands up to poloninas (i.e. subalpine meadows). The yellow-
necked field mouse is a common and abundant species of forest habitats including deciduous, coniferous,
and mixed forests, but also occurring in shrubs, clear cuttings, timberline habitats, etc. On the contrary,
S. sylvaticus mainly occurs in humid floodplain habitats entering far into the mountains along river valleys.
The pygmy field mouse, S. uralensis, is represented by few records from lowland floodplain habitats (banks
of the Tisza river), and its occurrence in highland biotopes of the Ukrainian Carpathians (Kyselyuk, 1993),
in our opinion, requires a revision.
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