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Abstract

Various methods are used to identify representatives of the genus Sylvaemus, most
of which are metric. In order to exclude anomalies in further calculations and to
minimize allometric variations associated with the growth of animals, it is neces-
sary to take into account age as an important factor of variability. Usually, a num-
ber of criteria are used to determine the age and describe the growth of mice:
measurements of body and skull parameters, body weight, the degree molar wear,
and the weight of the lens of the eye. Length is a more consistent guide for deter-
mining the age of mice than body weight, which usually ceases to be directly relat-
ed to age after reaching adult size. Age can also be determined by the fusion of the
epiphysis with the diaphysis in the bones of the limbs and by the degree of devel-
opment of the thymus. Most often, teeth are used to determine age. Among such
age criteria, we distinguish eruption and replacement of teeth sets, tooth growth in
length, overgrowth of the tooth pulp cavity, tooth wear, and annual layers in the
tooth tissues. Usually, the age of mice is determined by the degree of molar wear.
Some authors do not consider this method universal due to individual feeding hab-
its of animals and other environmental factors. The order of wear of tooth rows can
sometimes change, and the degree of wear of the right and left tooth rows can also
differ. The craniological collection of small mammals of O. V. Zorya, collected in
the territory of Kharkiv Oblast, Ukraine, was studied. In total, 198 specimens of
three species of the genus Sylvaemus were analysed: Sylvaemus uralensis, Syl-
vaemus sylvaticus, and Sylvaemus tauricus. Analysed were 14 odontometric and 23
craniological characters. Among the metric characters, four odontometric (LM?,
WM, LM,, LMi,3) and nine craniometrical characters (LIOC, LD, LFI, LPP,
WCH, GLS, DI, LLM, LM) made the greatest contribution to the age group differ-
entiation of mice of the genus Sylvaemus. Among the features that contributed the
most to the differentiation, length measurements prevailed. LLM, LM;,3, LPP,
LIOC, and GLS are the least variable metric characters. It is not possible to divide
the sample of mice of the genus Sylvaemus into age groups based on odontometric
and craniometrical character since the ranges of values of metric characters over-
lap.
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BusnaueHHs Biky y mpeacTaBHHKIB poay Sylvaemus
3a cTyleHeM CTMPAHHS KYTHiX 3y0iB

Oxcana MapkoBcbka

Pesrome. lns ineHtudikamii npeAcTaBHUKIB poxy Sylvaemus BHKOPHUCTOBYIOTh Pi3HI METOJHM, OUTBLICTH 3
SKUX MeTpuyuHi. 11100 BUKIIOUNTH aHOMAJTii B MOJANBIINX PO3paxyHKaxX Ta MiHIMI3yBaTH aJsIo-METPUYHI Bapia-
i, MOB’s3aHi 3 POCTOM TBapHH, NOTPIOHO BPaxOBYBATH BiK, SIK BXJIUBHN (aKTOp MIHIMBOCTI. 3a3BUYall I
BU3HAUCHHS BIKY Ta OIIUCY POCTY MHIIAKiB BUKOPHCTOBYIOTH Psi/i KPUTEPIiB: BUMIpH IMapaMeTpiB Tijia Ta uepe-
a, Maca Tija, CTYIiHb CTUPaHHS KyTHIX 3y0iB Ta Bara KpHIITAIMKIB OKa. JJOBKHHA € OibII HOCIiZOBHIM Opi-
€HTUPOM JJIsl BU3HAUCHHA BiKy MUIIAKiB aHDK Maca Tijla, gKa 3a3BUYail MpUNuHsie OyTH HanpsAMYy IOB’s3aHa 3
BIKOM TiCIIsl JOCSTHEHHS PO3MIpIB H0pOCIIoi 0coOMHH. Bik Tako)k MOJKHa BU3HAYUTH 32 3MUTTAM emidizy 3 mia-
(i30M B KicTKax KiHI[IBOK Ta 3a CTYIIEHEM PO3BUTKY THMYCy. Yacrime 3a Bce Uil BU3HAYCHHS BiKy BUKOPHCTO-
BYIOTh 3yOu. CepeJ] TakMX KPUTEPIiB BiKy BUAUIAIOTH: IPOpPi3aHHs Ta 3MiHY 3y0iB, picT 3y0a B JOBXHUHY, 3apOC-
TaHHS TOPOXKHUHY ITyNIBIH 3y0a, CTUpaHHs 3y0iB, piuHi IIapu B TKaHWHAX 3y0a. 3a3BHUai, Bk MUIIAKiB BH3HA-
YaroTh 3a CTYIIEHEM CTUPaHHs KyTHIiX 3y0iB. Jleski aBTOpH He BBaKAIOTH IIell METOJ YHIBEpCAIbHUM 4Yepe3 iH-
JIUBITyabHI 3BHYKH Xap4yyBaHHS TBApUH Ta iHII (AKTOPH OTOUYYIOUOTO cepenoBua. [1opsaok cTupanHs 3y0-
HUX PSAIiB MOKE 1HOJI 3MiHIOBATHUCS, @ TAKOK MOKE BIAPI3HATHCS CTYIiHb CTUPAHHS MPABOTO Ta JIBOTO 3yOHUX
paziB. JlocmimkeHO KpaHioNoTiuyHy Kojekmio apioaux ccasuiB O. B. 3opi, 3i0pany Ha Teputopii XapKiBChKOi
ob6nacri. IlpoananizoBano 198 ex3emiuisapiB Tprox BuuiB poxy Sylvaemus: Sylvaemus uralensis, Sylvaemus
sylvaticus, Sylvaemus tauricus. Jliust ananizy BUKOpHCTaHO 14 OJXOHTOMETPHYHUX Ta 23 KpaHiOJOriuHI O3HAKH.
Cepen METpHUYHHX O3HAK HaWOLTBIIMI BKIIAJ B PO3MOiN Ha BiKOBI rpyNH MHIIAKiB poay Sylvaemus BHocwuiIn
woTupH ogonToMerpruHi o3Haki (LM2, WM, LMy, LM1y3) Ta neB’sts kpanionoriunux (LIOC, LD, LFI, LPP,
WCH, GLS, DI, LLM, LM). Cepen o3HaK, siki BHOCHIN HaiOUIBIINI BKIa] B PO3MOILI, IEpEBaXKaIH IPOMIpH
IOBXHMHU. Jlo HaliMeHII MiHJIMBUX METPHYHHX O3HaK Hajexarb LLM, LMj,3, LPP, LIOC ta GLS. Po3ninmutu
BHOIpKY MuInakiB poxay Sylvaemus Ha BiKOBi rpynu 3a OJIOHTOMETPUYHUMH Ta KPAHIOJOTIYHUMH O3HAKAMH HE
MOJKHa, Jiara3oHu 3Ha4eHb METPUYHUX O3HAK HEePEKPHBAIOTHCSL.

KnrodoBi cnoBa: Sylvaemus, BusHaueHHs BiKy, CTUPAHHS KyTHIX 3y0iB, O[IOHTOMETPIsl, KPaHIOMETPisl.

Introduction

The issue of species identification of mice of the genus Sylvaemus is often discussed in the con-
text of mammalian taxonomy [Canady et al. 2014; Sozio et al. 2018]. Species of wood mice are tax-
onomically and phylogenetically close, their ecological features are somewhat different and still
overlap, they are in sympatry and even syntopy throughout most of their geographic ranges, and
their phenotypes are often so similar that it is very difficult to distinguish them in the field [Ancillot-
to et al. 2017; Michaux et al. 2005]. In addition, the lack of a reliable morphological approach to the
identification of mice has led to frequent incorrect identification of specimens, causing further con-
fusion and misinterpretation of their taxonomy and distribution [Jojic et al. 2014; Sozio et al. 2018].

There is a number of methods of identification of representatives of the genus Sylvaemus, most
of which are metric, and in order to exclude anomalies in further calculations and minimize allome-
tric variations associated with the growth of animals, it is necessary to take into account age as an
important factor of variation [Panzironi et al. 1993; Reutter et al. 1999]. Usually, a number of crite-
ria are used to determine the age and description of the growth of mice: measurements of body and
skull parameters, body weight, degree of molar wear, and weight of the lenses of the eye [Frynta &
Zizkova 1992].

Body weight is a quick and simple indicator of age that is used in some studies, but Brown
[1969] found that length is a more consistent guide for determining the age of mice. Body weight
usually ceases to be directly related to age after reaching adult size. The method can be useful for
capturing live animals followed by marking and recapture at fixed time intervals [Morris 1972].
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Age can be determined by the level of merger between the epiphysis and diaphysis in the bones
of the limbs. In young animals, the diaphysis is separated from the epiphysis by a cartilaginous plate.
The next stage of ossification of the growth zone is the formation of a furrow between the epiphysis
and diaphysis, which is clearly visible. When the furrow between the epiphysis and diaphysis over-
grows, a trace of it remains for some time, which can be found when passing a needle along the
bone. The last stage is the complete merger of the epiphysis with the diaphysis. However, it is should
be considered that the ossification of the epiphysis is affected by seasonal changes in the growth
rate. For example, individuals born at the end of summer/autumn develop slowly during the winter
period and only in the second half of the summer of the following year overtake fast-growing indi-
viduals from early spring broods. In the second half of winter, one can distinguish this year’s late
broods, but the cartilaginous plate disappears by this time in the early spring broods of this year and
they can be confused with individuals that are more than a year old [Klevezal 2007].

Vertebrae grow like the bones of the limbs, but they are less often used to determine age. With
age, the thickness of the epiphyses and cartilaginous intervertebral space decreases and the length of
the vertebral body increases [Klevezal 2007]. Hagen [1956] suggested determining the relative age
of small rodents by an index (the ratio of the length of two adjacent tail vertebrae to the thickness of
their epiphyses), the value of which increases with age. When studying long-tailed rodents, the 15th
and 16th vertebrae should be measured.

With age, the shape of the skull changes somewhat: in young animals, the skull is more round-
ed, the roof of the skull is convex, while in older animals the roof of the skull becomes flatter and the
skull itself is more angular. This trait can be used as an additional age criterion. Also, all young ani-
mals have a smooth skull, tubercles and roughness appear with age, and then crests develop. The
height and length of the crests increase with age. In females, crests develop later and are not as well
defined as in males [Klevezal 2007].

Zagorodniuk & Kavun [2000] identified five age groups for the yellow-necked wood mouse
(Sylvaemus tauricus Pallas, 1811) (juvenilis, subadultus, adultus-1, adultus-2, and senex) based on 4
external and 14 cranial characters.

Another criterion for the relative age of rodents is the degree of development of the thymus.
This gland, which is large in young individuals during the period of rapid growth, decreases until it
completely disappears in adults. At the same time, it is also necessary to take into account the sea-
sonal changes of the gland, which differ in different generations of rodents [Klevezal 2007]. In com-
bination with the reproductive state of the animal and the presence of the thymus, three age groups
are distinguished: adultus (individuals that have overwintered or reproduce with a regressed thy-
mus), subadultus (thymus in a state of regression, reproductive organs are developed, but not active),
juvenilis (thymus is functioning, reproductive organs are still developing) [Balciauskiene et al.
2004].

Most often, teeth are used to determine age. Among such age criteria, we distinguish: eruption
and change of teeth, tooth growth in length, overgrowth of the tooth pulp cavity, tooth wear, annual
layers in tooth tissues. In rodents, a fully erupted, but not yet functional, tooth has sharp enamel
cusps or tubercles. Over time, these cusps are gradually worn away, and when the enamel in some
places is completely worn, exposed dentin appears, which differs in colour from the enamel. Further,
with age, the tubercles also wear away, the surface of the teeth flattens, and even later the height of
the crown decreases. In the process of wearing, the shape of the teeth also changes [Klevezal 2007].

According to the degree of wear, the material is ranked on the basis of visual inspection and/or
measurement of the height of the tooth crown. In mice, age groups are usually distinguished by the
degree of wear of enamel and exposure of dentine. The data are presented in figures, and a scoring
system is used for assessment. It is also possible to estimate the ratio of the area of the wear surface
occupied by dentin and enamel, or the ratio of the exposed area of dentin to the area of the chewing
surface [Freudenthal et al. 2002]. A possible source of error in determining the age of rodents is an
increase in individual variation in the degree of wear in older age groups. From one older age class,
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two can be made, so the age estimate of older individuals by the degree of wear may be overestimat-
ed [Klevezal 2007].

Some authors do not consider this method universal due to individual feeding habits of animals
and other environmental factors [Frynta & Zizkova 1992]. The order of wear of the tooth rows can
sometimes change, and the degree of wear of the right and left tooth rows can also differ.
Adamczewska-Andrzejewska [1967] identified four main age classes for the yellow-necked wood
mouse: |—about four weeks, Il—about two months, Ill—about five months, and IVV—about nine
months. Steiner [1968] identified six age classes: I—about one month, Il—about two months, 11—
about three and a half months, IV—about five months, V—about seven months, and VI—about nine
months. Tupikova [1964] distinguished four age classes not only for the upper, but also for the lower
rows of molar teeth of the yellow-necked wood mouse with notably higher age indicators: I—1 to
1.5 months, 11—5 to 10 months, 111—12 to 16 months, and IV—1.5 to 2 years.

For craniometrical and dental analyses, individuals are usually selected from the age of five
months, when they can be considered adults [Kuncova & Frynta 2009]. Jojic et al. [2011] included
in the analysis all individuals with complete eruption of the third upper molar, because the most in-
tensive growth occurs during the first four weeks after birth, and then gradually slows down
[Niethammer 1969]. Barciova & Macholan [2009] also excluded individuals without well-developed
third upper molars from the morphometric analysis.

To determine the age, it is convenient to make transverse sections of the lower jaw so that the
longitudinal sections of the second or third molars are visible on the section. Then, on one prepara-
tion, one can see the layers in the bone tissue, in the cementum, and sometimes in the secondary
dentin. Cementum is deposited around the roots of the tooth to the outside, odontoblasts in the pulp
of the tooth produce dentin, which is deposited around the walls of the cavity inside the tooth. The
influence of the environment causes fluctuations in the speed and nature of the formation of dentin
and cementum; as a result, both tissues acquire a layered, not homogeneous structure [Morris 1972].
The annual layer consists of two zones, a wide zone with low density and a narrow zone with dense
tissue. Most authors argue that active growth in the summer months leads to the formation of a wide
zone, followed by a narrow zone that slowly accumulates in the winter months. To determine the
age, it is recommended to examine the annual layers in the cement, because dentin is deposited in-
side the tooth and can quickly fill the pulp cavity, besides, it is very sensitive to changes and can
show additional growth lines. Annual layers are often visible on cross-sections of the diaphyses of
tubular bones and phalanges of the fingers. In annuals, you can see a line, usually somewhat wind-
ing, which separates the outer periosteal zone of the bone and is not considered annual. The presence
of layers of bone tissue in the diaphyses of the phalanges of the fingers makes it possible to deter-
mine the age of living individuals [Klevezal 2007].

The results of research on the mammalian eye show that the lens of the eye grows throughout
life due to the formation of new fibres in its equatorial zone. During the period of rapid body growth,
the weight of the lens increases along with the body weight [Morris 1972; Hagen et al. 1980]. Lens
weight is considered a better indicator of age than body and skull dimensions or the degree of molar
wear [Andrzejewski & Liro 1977]. However, this method cannot be used for samples obtained from
owl pellets [Vukicevic-Radic et al. 2005].

Dapson [1968] also proposed a method based on biochemical changes in the lens. According to
Dische et al. [1956], with age in the lens there is a constant transformation of soluble protein into
insoluble protein. Presumably, this occurs due to the oxidation of cysteine to cystine, which leads to
the formation of insoluble albuminoid.

Haferkorn [1995] gives the following data on the weight of the lenses in yellow-necked wood
mice of different age: 11 weeks—4.56 mg, 4 months—8.69 mg, 6 months—10.98 mg, 8 months—
15.07 mg, 10 months—19.00 mg, 16 months—22.40 mg, 18 months—23.43 mg [Klevezal 2007].

Live young yellow-necked wood mice can be distinguished from adults by weight and coloura-
tion. Young individuals have a greyish colouration of the back and abdomen, the chest spot is weak-
ly expressed, and, in adults, the ochre—rusty colouration of the back is sharply different from the
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light abdomen, the chest spot is bright [Klevezal 2007]. Also, young individuals can be distinguished
from adults by the condition of reproductive organs [Morris 1972].

The aim of this work is to determine the age of collection samples of mice of the genus Syl-
vaemus based on the degree of molar wear and to compare the age groups according to odontomet-
rical and craniometrical characters.

Materials and Methods

The craniological collection of small mammals of O. V. Zorya, collected in the territory of
Kharkiv Oblast, Ukraine, was studied. In total, 272 specimens of three species of the genus Syl-
vaemus were selected: pygmy wood mouse (Sylvaemus uralensis Pallas, 1811), European wood
mouse (Sylvaemus sylvaticus Linnaeus, 1758), and yellow-necked wood mouse (Sylvaemus tauricus
Pallas, 1811). Only 198 specimens were suitable for odontometric analysis: Sylvaemus uralensis—
123, Sylvaemus sylvaticus—68, and Sylvaemus tauricus—7. In total, 120 intact skulls were selected
for craniological analysis: Sylvaemus uralensis—74, Sylvaemus sylvaticus—42, and Sylvaemus tau-
ricus—4.

The collection was collected in 7 districts (raions) and 52 settlements of Kharkiv Oblast,
Ukraine (Table 1). The specimens are dated to the periods of 1989-1996 and 1999-2012. A consid-
erable number of specimens are dated to 1990, 2004, 2008, and 2011.

The age of the selected specimens was determined using binoculars according to the method of
Adamczewska-Andrzejewska [1967], which is based on the degree of molar wear. The degree of
wear was determined on the left upper row of molars. It should be mentioned that the degree of wear
of the chewing surface was found to be different between the left and right upper rows of molars.
Usually, the degree of wear on the right upper row is an order of magnitude lower than on the left.
That is why the left upper row of molar teeth was chosen for analysis.

In total, four main age classes are distinguished according to the method. Class | includes indi-
viduals aged about four weeks; they lack the third molar (M) (Fig. 1).

Class Il includes individuals aged about two months. Class Il is characterised by weak wear of
the tubercles, the chewing surfaces of the tubercles t1 and t5 on M? can already be combined with
each other. On the second molar (M), t6 and t9 are connected and a complete enamel bow can be
formed, which includes the tubercles t4, t5, t6, and t9. Wear on the first molar (M") is less noticea-
ble, only on the tops of the tubercles (Fig. 2).

Class Il includes individuals aged about five months. This age class is characterised by fairly
noticeable wear of all three molar teeth, the surfaces of all tubercles of M are connected. An almost
closed circle of six tubercles is visible on M?, only t1 and t3 are separate, and tubercles t7, t8, and t9
are strongly worn. On M, the highest tubercles are preserved, although their chewing surface also
forms a closed circle of six tubercles; t1, t2, and t3 are also connected to each other (Fig. 2).

Table 1. The number of specimens of mice of the genus Sylvaemus collected in the territory of Kharkiv Oblast

Ta6mums 1. KinbkicTs ek3eMIuisipiB Mumakis poay Sylvaemus, 3ibpannx Ha Teputopii XapkiBcbkoi 061acTi

Species/District Kp Kr Khr Bh 1z Chh Lz Total
Sylvaemus uralensis 23 58 11 18 22 37 3 172
Sylvaemus sylvaticus 1 7 24 23 23 11 1 90
Sylvaemus tauricus 0 2 0 2 0 4 2 10
Total 24 67 35 43 45 52 6 272

* Bohodukhiv (Bh): Volodymyrivka, Dovzhik, Kobzarivka, Kolomak, Moyka, Oleksandrivka, Oleksiyivka, Pokrov-
ka, Stepanivka, Tetyushchine, Fesky, Sharivka; Izium (lz): Andriivka, Barvinkove, Donets, Kapytolivka, Oskil, Pid-
lyman, Snizhkivka, Topolske; Krasnohrad (Kr): Vlasivka, Druzhba, Zarichne, Zachepylivka, Novopavlivka, Na-
talyne, Khrestyshche; Kupiansk (Kp): Arkadivka, Dvorichna, Kamianka, Shyshkivka; Lozova (Lz): Bratolyubivka,
Bulatselivka, Yakovivka; Kharkiv (Khr): Bezlyudivka, Bobrivka, Nove, Pytomnyk, Podvirky, Prosyane, Ruska
Lozova, Stara Vodolaga, Cherkaski Tyshky, Kharkiv; Chuhuiv (Chh): Vvedenka, Verkhniy Saltiv, Gaidary, Gontar-
ivka, Zamulivka, Martove, Staryy Saltiv, Khotimlya.
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Fig. 1-2. Stages of molar wear in Apodemus flavicollis (Sylvaemus tauricus): (1) M* and M? (individuals about four
weeks old); (1) M, M? and M3 (individuals about two months old), tubercles 1-9 are numbered according to Miller
[1912]; (111) M*, M2 and M? (individuals about five months old); (IV) M*, M? and M? (individuals about nine months
old) [Adamczewska-Andrzejewska 1967].

Puc. 1-2. Kiacu crupanns kyTHix 3y6is y Apodemus flavicollis (Sylvaemus tauricus): (I) M* ta M? (ocobumu Bikom
Gmu3bKo0 woTHpsoX TIKHIB); (I1) MY, M? ta M® (0coGuHI BikOM 6/IM35K0 JBOX MiCALIiB), 1-9 rop6KH IIpOHYMepOBaHi
3a Mimrepom [Miller 1912]; (II1) M?*, M? ta M® (oco6uuu BikoM 6mmssko mstr micsanis); (IV) MY, M? ta M® (oco-
OuHHM BikoM 0JM3bKO 1€’ siTu Micsnis) [Adamczewska-Andrzejewska 1967].

Class 1V includes individuals aged about nine months. Class IV is characterised by a flat, worn
chewing surface of molars. The enamel forms loops that limit the bases of the tubercles. Only the
first three tubercles on M* are still quite high (Fig. 2).

For further measurements of odontometrical characters in the collection specimens, photos of
tooth rows were taken using electronic binoculars. Measurements were made in the Toup View pro-
gram. The left lower and upper rows of molars were selected for taking measurements. Odontomet-
rical characters were measured according to Lashkova & Dzeverin [2002]. Thus, the following
odontometrical measurements were taken for analysis: LM*, LM? and LM®*—length of the first,
second, and third upper molars; WM*, WM?, and WM>—width of the first, second, and third upper
molars; LM**—length of the upper molar row; LM;, LM,, and LMs;—length of the first, second,
and third lower molars; WMy, WM,, and WMs;—width of the first, second, and third lower molars;
LM;,3—Ilength of the lower molar row. The largest width and length of the molars were measured.

Based on literature data, 23 characters were selected for craniometrical analysis. Of the cranial
measurements, condylobasal length (CBL) and length of the upper molar row (LUM) [Demeter &
Lazar 1984] have the greatest influence on the distribution of species of the genus Sylvaemus and are
among the least variable characters [Canady & Mosansky 2015]. Length of the diastema (LD) and
length of bulla tympanica (LBUL) were also the most significant for differentiation [Reutter et al.
1999]. Although Steiner & Raczyski [1976] did not include the length of the bulla tympanica in the
analysis due to the inaccuracy of measuring this cranial character.

Other important measurements that affect the distribution of samples include the greatest length
of skull (GLS), length of foramen incisivum (LFI), width of braincase (WBC), least interorbital con-
striction (LIOC), depth of incisor (DI) [Demeter & Lazar 1984], height of rostrum (HR), width of
rostrum (WR), distance between incisor and M* (LIM3), length of lower molar row (LLM) [Canady
et al. 2014], length of first upper molar (LM1), length of mandible (LM), height of skull including
bulla tympanica (HBCB) [Canady & Mosansky 2015], length of braincase (LBC), length of rostral
part (LF), palatal length (LPP), length of condyle (LCP), length of nasals (LN) [Reutter et al. 1999],
width of choana (WCH), and width between bulla tympanica (WBB) [Frynta et al. 2001] (Fig. 3).
Cranial characters were measured using an electronic calliper.
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Fig. 3. Craniometrical characters ana-
WBB  |ysed: LN—Ilength of nasals, WR—width
of rostrum, LF—Iength of rostral part,
LBC—Iength of braincase, LIOC—Ileast
interorbital constriction, WBC—width of
braincase, LIM3—distance between inci-
sor and M°, LD—lIength of diastema,
LM1—Ilength of first upper molar,
R LBUL—Iength of bulla tympanica, LFI—
PP length of foramen incisivum, LUM—
length of upper molar row, CBL—
condylobasal length of skull, LPP—
palatal length, WCH—width of choana,
WBB—width between bulla tympanica,
GLS—qgreatest length of skull, HBCB—
height of skull including bulla tympanica,
HR—height of rostrum, DIl—depth of
incisor, LLM—Ilength of lower molar
row, LCP—Iength of condyle, LM—
length of mandible. Scheme of measure-
ments after Barkaszi [2019] with modifi-
cations.

GLS

HBCB

Puc. 3. O3Haku a1 kpaHiomeTpuyHoro anamizy: LN—moBxuHa HocoBuX KicTtok, WR—umpuHa poctpymy, LF—
noexuHa o0mmuusi, LBC—moBxuHa yepenHoi kopooku, LIOC—mixouHosiMkoBa mupraa, WBC—imprHa MO3K0-
B0i KopoOku, LIM3—noBxknHa BepxHBOTO 3yOHOTO psimy, LD—nopxuHa niactemu, LM1—nosxuHa nepmoro Bep-
xHBOTO MOy, LBUL—noBxuna bulla tympanica, LFl—nosxuna minsedinnoro orsopy, LUM—n0BK1Ha BepX-
HBOTO MOJIpHOTO psiny, CBL—konmuno6a3ansaa mpoBxkuHa, LPP—nosxuna migaedinas, WCH—mmpuHa xoaH,
WBB—immpuna mix bulla tympanica, GLS—raiibinbuia gosxuna yepenny, HBCB—Bucora depenHoi KopoOKH,
Brmouaroun bulla tympanica, HR—sucora poctpymy, DI—rnubuna pisist, LLM—10BXHHa HIBKHBOTO MOJISIPHOTO
psiny, LCP—noBxuna BupocTky, LM—noBxuHa HkHBOI menend. Cxema npomipis 3a Barkaszi [2019] 3i 3miHaMu.

Results and Discussion

Selected collection specimens of mice of the genus Sylvaemus were classified into three age
groups according to the degree of molar wear [Adamczewska-Andrzejewska 1967] (Table 2).

According to odontomertical characters, the morphospaces of age groups II, 111, and 1V largely
overlap, without forming specific separate clusters (Fig. 4). That is, there are no clear differences
between the age groups of each species by the measurements of molar teeth. However, the difference
between species is clearly visible. The correctness of the classification of specimens based on odon-
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tometrical characters selected in the analysis is 81.73%. Wilks’ lambda has a low value (0.119), in-
dicating a reliable separation into groups. All odontometrical characters contribute almost equally to
the distribution, but the length of the second upper molar (LM?), the width of the first upper molar
(WM?Y), and the length of the lower molar row (LM,3) have the largest contributions.

Age groups of mice were also compared according to craniometrical characters; for this purpose
120 intact skulls were measured (Table 3). Age groups do not form separate morphospaces (Fig. 5),
and there is no visible difference in craniometrical characters either. However, as in the previous
case, there is a noticeable interspecific differentiation. The correctness of the classification of speci-
mens based on craniometrical characters selected in the analysis is 92.37%, which is somewhat
higher in comparison with that based on odontometrical characters. The largest contribution to the
distribution have the length of foramen incisivum (LFI), length of mandible (LM), depth of incisor
(DI), least interorbital constriction (LIOC), width of choana (WCH), and length of lower molar row

(LLM).
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Table 2. Age groups of collection specimens of Sylvaemus determined by the degree of molar wear

Tabauus 2. BikoBi rpymnu KoneKiiHuX 3pa3kiB Sylvaemus, Bi3HaueHi 3a CTyIIeHeM CTHpPaHHs KyTHiX 3y0iB

Species/Age group 1 11 v Total
Sylvaemus uralensis 0 17 106 123
Sylvaemus sylvaticus 5 17 46 68
Sylvaemus tauricus 1 2 4 7
Total 6 36 156 198

Table 3. Age groups of collection specimens of Sylvaemus determined by the degree molar wear taken for craniomet-

rical analysis

Ta6uus 3. Bikosi rpymu kosnexuiifiHnx 3paskiB Sylvaemus, Bu3HaueHi 3a CTyleHeM CTHPaHHS KyTHIX 3yOiB, B3sITi

JUTsL KpaHIOMETPUYHOTO aHalli3

Species/Age group 1 11 v Total
Sylvaemus uralensis 0 9 65 74
Sylvaemus sylvaticus 2 9 31 42
Sylvaemus tauricus 1 2 1 4
Total 3 20 97 120




Determination of age in representatives of the genus Sylvaemus by the degree of molar wear 81

Canonical root 2

Canonical root 2

o

-10

-4 -2 0 2 4 6 8 10

Canonical root 1

12

6 -4 -2 0 2 4 6 8 10 12

Canonical root 1

14

s o0 e o

o8 OO0 ® 0

S. uralensis 111
S. uralensis TV
S. svlvaticus 11
S. svivaticus 1T
8. svlvaticus IV
S, tauricus 111

S. uralensis 111
S. uralensis TV
S. sylvaticus 11
S. sylvaticus 111
S. sylvaticus IV
S. tauricus 111

Fig. 5. Distribution of mice of
the genus Sylvaemus into age
groups based on craniometrical
characters.

Puc. 5. Posmopain Mumakis poay
Sylvaemus na BikoBi Tpymu 3a
KPaHiOJIOTIYHUMH O3HAKaAMH.

Fig. 6. Distribution of mice of
the genus Sylvaemus into age
groups based on odontometrical
and craniometrical characters.

Puc. 6. Poznogin mMumaxis pomy
Sylvaemus na BikoBi Tpymu 3a
OJIOHTOMETPUYHUMH Ta KpaHio-
JIOTIYHUMH O3HAKaMH.

When comparing the age groups of mice based on odontometrical and craniological characters
together, the correctness of the classification of specimens according to the characters selected in the
analysis is 96.61%. One can see the clearest distribution of specimens by species (Fig. 6). The larg-
est contribution to the distribution have the length of foramen incisivum (LFI), length of mandible
(LM), length of diastema (LD), width of choana (WCH), length of second lower molar (LM,), great-
est length of skull (GLS), depth of incisor (DI), and and palatal length (LPP).

As noted by Zagorodniuk & Kavun [2000], in the process of growth, there is a gradual increase
in all metrical characters. During the life, in Sylvaemus tauricus, length of skull (CBL, GLS) in-
creases, although its growth slows down with age. In the process of growth, least interorbital con-
striction (LIOC), length of tooth rows (LIM3, LUM, and LLM) and length of bulla tympanica
(LBUL) change the least. Width of braincase (WBC), height of rostrum (HR), length of diastema
(LD), length of nasals (LN) and length of foramen incisivum (LFI) increase significantly with age. In
older age groups, width of tooth rows increases (WM*, WM?, WM?®, WM;, WM,, and WMj).
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Metric characters having the largest contribution to the distribution of species in the abovemen-
tioned analyses were studied separately (Table 4). The age groups of Sylvaemus tauricus and the
11 age group of two other species are not considered due to the small sample size.

When comparing the 111 age group in the pair uralensis—sylvaticus, the range of characters do
not overlap or overlap minimally: WM* uralensis (0.79-0.91) vs sylvaticus (0.91-1.06), LM,; ura-
lensis (3.20-3.65) vs sylvaticus (3.67—4.13), LFI uralensis (3.19-4.38) vs sylvaticus (4.33-5.48),
LPP uralensis (10.00-11.82) vs sylvaticus (11.57-12.79), LLM uralensis (3.18-3.50) vs sylvaticus
(3.48-3.95), LIM3 uralensis (9.61-11.40) vs sylvaticus (11.09-12.16), LBUL uralensis (3.62—4.42)
vs sylvaticus (4.13-4.61), LUM uralensis (3.01-3.63) vs sylvaticus (3.52-3.88), CBL uralensis
(17.70-20.49) vs sylvaticus (20.22-21.91), HR uralensis (3.18-3.85) vs sylvaticus (3.52—4.16).
LLM, LMi,3, WBC, and CBL were the least variable of these characters in both species.

Table 4. Comparison of metric characters between age groups of mice of the genus Sylvaemus

Tabsuus 4. TTopiBHSAHHS METPUYHMX O3HAK Y BIKOBHX Ipylax MHIIAKiB poxy Sylvaemus

Character ] 11 v

Mean | Min | Max cVv Mean | Min | Max cv Mean | Min | Max cv

Sylvaemus uralensis

LMm? - - - - 114 101 125 6.24 110 0.88 1.26 6.89
wM? - - - - 086 079 0091 5.11 0.86 0.70 0.96 4.72
WM? - - - - 080 0.73 0091 5.25 0.81 0.63 0091 5.62
wm? - - - - 059 052 0.67 7.38 059 045 0.71 8.34
WM, - - - - 0.76 0.70 0.80 4.82 0.76 0.70 0.89 4.54
WM, - - - - 0.77 070 0.88 6.58 0.76 0.69 0.85 4.58
WM, - - - - 0.65 057 0.78 7.65 0.64 056 0.79 6.53
LM, - - - - 1.07 099 115 4.02 1.07 0.90 1.19 4.53
LMy,3 - - - - 345 320 3.65 3.29 346 314 3.69 3.25
LN - - - - 791 6.87 846 7.62 843 7.05 923 5.33
LIOC - - - - 395 372 415 4.02 392 362 437 3.98
WBC - - - - 10.78 10.20 11.27 3.06 1099 1036 11.63 257
LIM3 - - - - 10.79 9.61 1140 548 1139 1056 1196 2.72
LD - - - - 717 633 7.60 5.80 7.78 6.76 8.33 3.92
LBUL - - - - 395 362 442 7.02 406 359 452 5.06
LFI - - - - 382 319 438 10.66 412 355 475 6.39
LUM - - - - 338 301 363 5.59 341 296 3.70 3.68
CBL - - - - 1952 17.70 2049  4.96 2049 1898 2182 2.92
LPP - - - - 11.11 10.00 11.82 5.36 11.67 1091 1238 292
WCH - - - - 1.06 086 124 1171 1.00 0.73 126 12.16
GLS - - - - 2252 1990 2364  6.19 2337 2196 2443 273
HR - - - - 354 318 385 6.56 371 328 4.14 4.28
DI - - - - 203 172 232 9.91 229 197 3.01 8.80
LLM - - - - 336 318 350 3.26 335 232 361 4.75
LM - - - - 867 788 914 5.33 9.05 847 9.67 3.19
Sylvaemus sylvaticus

LMm? 1.19 111 130 5.88 121 1.09 140 7.60 117 101 1.30 6.40
wMm? 094 090 1.02 5.00 097 091 1.06 422 095 0.84 1.03 4.80
WM? 0.88 0.82 0.9 5.85 090 0.81 0.98 421 0.87 0.73 0.95 5.45
wMm? 065 052 0.78 14.4 0.65 055 0.70 6.82 0.64 054 0.73 6.52

WM, 0.81 080 0.85 2.69 085 073 1.01 7.85 0.83 0.70 0.89 4.77
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Character 1 11 v

Mean | Min | Max CcVv Mean | Min | Max CcVv Mean | Min | Max CcVv

WM, 085 081 093 5.70 0.86 0.77 0.92 4.60 0.84 0.70 0.91 5.63
WM, 0.73 0.65 0.82 8.70 0.73 0.67 0.80 5.40 0.71 059 0.79 7.54
LM, 119 110 1.27 5.29 119 1.02 129 5.53 117 108 126 4.00
LMy 3.88 359 4.05 4.58 3.88 367 413 3.70 3.84 350 4.05 3.41
LN 819 8.04 834 2.59 857 7.93 9.01 4,71 880 7.94 9.68 5.14
LIOC 393 391 3.9 0.72 3.88 325 4.08 6.35 4.06 3.80 4.50 3.79
WBC 11.27 1111 1142 1.95 11.21 10.96 11.63 1.79 11.28 1051 1198 2.92
LIM3 1144 11.09 11.79 4.33 11.64 11.09 12.16 3.45 12.05 11.12 1312 4.03
LD 761 731 7.90 5.49 770 7.11 822 4,52 8.03 7.30 873 4.96
LBUL 418 396 4.39 7.28 432 413 461 3.94 423 378 476 5.70
LFI 481 479 483 0.59 475 433 5.48 7.86 470 377 5.22 8.12
LUM 369 355 382 5.18 371 352 388 3.32 3.75 353 410 3.67
CBL 20.83 20.32 21.33 3.43 21.10 20.22 2191 2.86 2161 1992 2310 381
LPP 11.92 1160 12.24 3.80 12,11 1157 12.79 3.54 1244 1140 1327 3.67
WCH 1.04 099 1.08 6.15 1.01 077 131 17.59 0.93 066 1.17 12.85
GLS 23.98 2345 2450 3.10 24.07 23.00 25.02 2.99 2476 2256 26.48  3.45
HR 366 350 381 5.98 381 352 416 4.99 3.96 342 4.36 6.88
DI 204 201 207 2.08 226 194 247 8.07 233 185 283 9.83
LLM 372 368 3.75 1.33 370 348 3.9 3.88 3.68 337 3.97 3.52
LM 923 918 927 0.69 9.16 855 971 3.82 925 7.57 9.98 4.85
Sylvaemus tauricus

LM? 143 143 143 - 141 136 146 5.01 133 1.04 148 1513
wm? 1.02 102 1.02 - 1.06 1.04 107 2.01 1.04 1.00 1.07 2.83
WM?2 1.03 103 1.03 - 099 099 0.99 0.99 093 1.04 4.73
wm® 0.77 077 0.77 - 0.76 072 0.79 6.56 0.76 0.68 0.83 8.53
WM, 090 0.90 0.90 - 091 0.89 0.92 2.34 0.90 0.81 0.96 7.33
WM, 093 093 093 - 094 093 094 0.76 0.92 0.87 0.97 4.48
WM, 0.86 0.86 0.86 - 081 079 0.82 2.64 079 071 0.83 6.62
LM, 139 139 1.39 - 140 134 145 5.58 135 133 136 0.96
LMy 451 451 451 - 456 439 4.72 5.12 431 418 4.36 2.00
LN 947 947 947 - 10,44 9,99 10,89 6,10 10,35 10,35 10,35 -
LIOC 4.09 4.09 4.09 - 437 425 4.48 3.73 405 4.05 4.05 -
WBC 11.66 11.66 11.66 - 12,18 11.88 1247 3.43 11.64 11.64 11.64 -
LIM3 12.63 12.63 12.63 - 14.10 1396 14.23 1.35 13.48 13.48 13.48 -
LD 8.10 8.10 8.10 - 935 9.13 956 3.25 9.23 923 9.23 -
LBUL 479 479 479 - 523 5.02 544 5.68 465 4.65 4.65 -
LFI 494 494 494 - 5.06 498 5.14 2.24 519 519 519 -
LUM 443 443 443 - 439 437 4.40 0.48 423 423 4.23 -
CBL 2254 2254 2254 - 25.68 25.08 26.28 3.30 24.01 24.01 24.01 -
LPP 12,97 1297 1297 - 14.74 1470 14.77 0.34 13.87 13.87 13.87 -
WCH 125 125 125 - 1.06 1.03 1.08 3.35 125 125 125 -
GLS 25.89 25.89 25.89 - 29.33 28.78 29.87 2.63 27.62 27.62 27.62 -
HR 3.89 389 3.89 - 479 475 4.82 1.03 460 460 4.60 -
]| 234 234 234 - 297 266 3.27 14.55 280 280 280 -
LLM 435 435 435 - 441 429 453 3.85 417 417 417 -
LM 10.20 10.20 10.20 - 11.25 10.69 11.80 6.98 11.00 11.00 11.00 -
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When comparing the specimens of the IV age group in the pair of uralensis—sylvaticus, the
ranges of all metrical characters overlap, only one character overlaps minimally: LUM uralensis
(2.96-3.70) vs sylvaticus (3.53-4.10). The least variable characters for both species are LMj3,
LIOC, WBC, LUM, CBL, LPP, and GLS. The ranges of metrical characters of age groups Ill and IV
in both Sylvaemus uralensis and Sylvaemus sylvaticus also overlap. Age group IV has slightly higher
minimum and maximum values, in particular, the greatest increase is characteristic of CBL, GLS,
LIM3, and LPP. In addition, in Sylvaemus uralensis, the growth of metrical characters between the
Il and IV age groups is more noticeable than that in Sylvaemus sylvaticus.

Comparing the obtained results with the data of Zagorodniuk & Kavun [2000] for Sylvaemus
tauricus, the least variable metrical characters for the pair uralensis—sylvaticus, in addition to LIOC,
LIM3, LUM, LLM, and LBUL, included LPP, WBC, CBL, and GLS. In contrast to the metrical
characters for Sylvaemus tauricus CBL, GLS, WBC, HR, LD, LN and LFI, the greatest increase for
the pair uralensis—sylvaticus in the process of growth was characteristic of CBL, GLS, LIM3, and
LPP. There was also no increase in width of tooth rows in older age groups.

Thus, according to the obtained results, it is not possible to differentiate the sample into age
groups based on odontometrical and craniological characters, particularly in the case of older age
groups (111 and V) for the pair uralensis—sylvaticus.

Conclusions

1. Based on the degree of molar wear, specimens of mice of the genus Sylvaemus collected in
the east of Ukraine, were divided into three age groups (l1, I11, and 1V).

2. Among metrical characters, four odontometrical characters (LM? WM, LM,, and LMz3)
and nine craniological characters (LIOC, LD, LFI, LPP, WCH, GLS, DI, LLM, and LM) have the
largest contribution into the differentiation of age groups of mice of the genus Sylvaemus.

3. Among the characters that contributed the most to the differentiation of samples, characters
of length prevail. The least variable metrical characters are LLM, LMj3, LPP, LIOC, WBC, CBL,
LUM, and GLS.

4. The sample of mice of the genus Sylvaemus cannot be divided into age groups based on
odontometrical and craniological characters; the ranges of values of metrical characters overlap.
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