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Abstract

We present morphometric and craniometric measurements of the herb field mouse (Apodemus uralensis) from Lithuania and
analyze variation of body and skull size across species range. We suppose species is characterized by high size variability, not
following Bergmann’s or Murphy’s rules. Preliminary, distinct size differences have been registered in the eastern and southern
edges of the distribution range, with these populations having largest individuals according to average body and skull size. In
terms of tail length and condylobasal length of the skull, Lithuanian mice on the north-western edge of the species range are
among the largest, but in terms of body weight, body length, zygomatic skull width and the length of maxillary toothrow, adult
A. uralensis from Lithuania are small and correspond to those from populations on the western edge of the range. The relative
skull width (ratio of zygomatic skull width to condylobasal length) of Lithuanian A. uralensis is the smallest across the entire
range. In A. uralensis from Lithuania, sex dimorphism is weakly expressed, with hind foot length and postorbital constriction
larger in adult males, while the height of the mandibula and length of the mandibular diastema is larger in adult females. Juvenile

and subadult A. uralensis from Lithuania differ in body weight, but not in size.
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Introduction

The herb field mouse, Apodemus uralensis (Pallas, 1811) is
widely distributed across Europe and Asia (Krystufek et al.
2008), though the species distribution is not continuous. New
localities for the species have recently been registered in the
southern (Darvish et al. 2011), northern (Medvedev and
Tretyakov 2014), north-western (Cichocki et al. 2011) and
eastern (Shar et al. 2015) parts of the species distribution
range.

Analysis of body and skull size changes across the distri-
bution range from south to north has not been done for
A. uralensis before, and there are no investigations analyzing
morphometric variability of Apodemus mice in terms of lon-
gitudinal aspect, i.e., conformance to Murphy’s rule (Meiri
et al. 2005). Other Apodemus species have been shown to
increase in size to the south, such as wood mouse,
Apodemus sylvaticus (Linnaeus, 1758), where morphological
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differences were said to be related to the biology of the species
(Alcantara 1991; Joji¢ et al. 2014) or to isolation as in case of
the large Japanese field mouse, Apodemus speciosus
(Temminck, 1844) (Shintaku and Motokawa 2016). In
A. sylvaticus, small scale craniometric differences were found
to exist in different parts of Slovakia, at least partially based on
different altitudes (Canady and Mogansky 2015). In Slovakia,
a positive influence of altitude on body mass and body length
of the yellow-necked mouse Apodemus flavicollis (Melchior,
1834), A. sylvaticus and A. uralensis was proved. However,
tail length, hind foot length and ear length of these three spe-
cies decreased at higher altitudes. In striped field mouse
Apodemus agrarius (Pallas, 1771), all external characters de-
creased with altitude (Balaz et al. 2012).

The presence of sex dimorphism in A. uralensis is ques-
tionable, as published results are ambiguous (Spitzenberger
and Bauer 2001; Balaz et al. 2012; Canédy et al. 2014; Shar
etal. 2015). It was noticed that sex dimorphism in A. uralensis
from Caucasus Mountains depends on the altitude: while an-
imals in the high altitudes are dimorphic, dimorphism was
absent or weak in the lower altitudes (Amshokova 2010).
Ambiguous results have also been published regarding the
correlation of body size of A. uralensis and altitude. In
Slovakia, body mass and body length correlate positively with
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altitude, while tail, hind foot and ear lengths are negatively
correlated (Balaz et al. 2012), thus Bergmann rule is in power.
However, the Caucasus situation is the opposite, as animals
from higher altitudes were smaller in five out of the six char-
acters (Amshokova 2010). Differences in body and cranial
size were well exhibited between plain and mountain species
populations in Slovakia (Canady et al. 2014).

In Lithuania A. uralensis has been known for two decades.
Among other species of Apodemus present in the country, it
can be identified according to the non-overlapping length of
the mandibular and maxillary toothrow (BalCiauskiené et al.
2002). On preliminary material, pooled with no respect to
animal age group, female A. uralensis in Lithuania were found
to be larger in terms of body length, maxillary and mandibular
tooth row lengths (Bal€iauskiené et al. 2004).

The aim of this paper was to present morphometric and
craniometric data on A. uralensis from Lithuania in different
age groups, to assess size dimorphism of the species in the
country and differences in comparison with other populations
across the distribution range. As recently published sources
show quite a limited selection of such data, the inclusion of the
full dataset will expand species knowledge.

Materials and methods

Our sample of A. uralensis consisted of 113 specimens (44
males, 62 females), trapped in 1996-2004 and 2008-2010,
mainly in August—October. Trapping was done using standard
method: 25 snap traps in a line, 5 m apart from each other, set
for 2-3 days, baited with bread and oil, checked once a day
(Balciauskas 2004). All A. uralensis sample individuals were
trapped in the northern part of Lithuania (Fig. 1). More details
about the sample are presented in Juskaitis et al. (2016).

Identification of the species was carried out according to
external characters and skull characters, according to Pucek
(1981) and Balciauskiené et al. (2002). Not all individuals
were measured for various reasons (destruction of the body
by insects and carnivores, destruction of the skull by the trap
hammer, etc). Body length, tail length, hind foot length and
ear length were measured using a caliper with an accuracy of
0.1 mm. After weighing (with an accuracy of 0.1 g) and dis-
section, individuals were divided into three age categories:
juveniles, sub-adults and adults according to the status of
sex organs and atrophy of the thymus, as the latter decreases
with animal age (Balciauskas et al. 2012).

Mice skulls were cleaned using larvae of Dermestes sp.
beetles. 23 skull characters were measured: X1 — total length
of mandibula at processus articularis, excluding incisors; X2
— length of mandibula excluding incisors; X3 — height of
mandibula at, and including, first molar; X4 — maximum
height of mandibula, excluding coronoid process; X5 —
coronoid height of mandibula; X6 — length of mandibular
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diastema; X7 — length of mandibular tooth row; X8 — length
of lower molar M 1; X9 — length of nasalia; X10 — breadth of
braincase, measured at the widest part; X11 — zygomatic skull
width; X12 — length of cranial (upper) diastema; X13 — zygo-
matic arc length; X14 — length of foramen incisivum; X15 —
length of maxillary toothrow; X16 — length of upper molar
M1; X17 — incisor width across both upper incisors; X18 —
condylobasal length; X19 — length of rostrum; X20 — length of
the braincase; X21 — interorbital constriction; X22 — postor-
bital constriction; X23 — height of the braincase (Bal¢iauskas
and Balciauskiené 2011). Measurements were taken under a
binocular microscope with a micrometric eyepiece and digital
caliper, both of which have an accuracy of 0.1 mm. Only
characters of the right side of the skull were used.

We used published material on morphometric and
craniometric data of adult A. uralensis across the species range
(Fig. 1). Some new locations of A. uralensis were out of the
species range, as defined by the IUCN (Krystufek et al. 2008).
Recent findings in Poland (Cichocki et al. 2011) shift the former
north-western edge of the species distribution westwards.
Populations in the central part of the range were represented by
Miass, south of Ural (Zagorodniuk 1993), southern Belarus and
the northern part of Ukraine (Savickyj et al. 2005), Ukraine
(Lashkova 2003), Donetsk in east of Ukraine (Zagorodniuk
2005), the Danube region in Romania and Bulgaria
(Zagorodniuk 1993) and the Carpatian region in the west of
Ukraine (Zagorodniuk 2005). The southern part of the range
was presented by data from Anatolia, Turkey (Krystufek and
Vohralik 2007, 2009), Iran and Azerbaijan (Jangjoo et al. 2011,
Darvish et al. 2011) and Caucasus (Amshokova 2010). The
northern part was represented by data from Estonia, Valdai and
the Ural (Zagorodniuk 2005). For the eastern part of the range,
we used data on A. uralensis from Mongolia (Shar et al. 2015).
The western part was represented by Austria (Steiner 1978;
Spitzenberger and Bauer 2001), the former Czechoslovakia
(Steiner 1978), Slovakia (Balaz et al. 2012; Canady et al.
2014), Hungary (Demeter and Lazar 1984), Moravia (HoliSova
et al. 1962) and Romania (de Mendonga and Benedek 2012).
However, such subdivisions are arbitrarily so far.

When measurementss were presented separately for males
and females in the published sources, we re-calculated the
joint sample according to Headrick (2010). For all measure-
ments, we used standard statistical approach (average + SE,
minimum and maximum values). We applied Main effects
ANOVA for all morphometric and craniometric characters
from Lithuania, using gender and age of an individual as cat-
egorical predictors, testing for possible influence according
Téte et al. (2013). Differences were tested using ANOVA post
hoc test (Tukey HSD), also Student’s . Minimum significance
level was set as p =0.05. Calculations were done with
Statistica for Windows, ver. 6.0 software (StatSoft 2004).
Other samples, based on published data, do not allow
ANOVA analysis or clustering, as raw data are not available.
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Fig. 1 Location of the Lithuanian sample (black circle) of A. uralensis
and data samples from publications (open circles) used for comparison of
morphometric and craniometric characters: 1 — Estonia (59.1° N, 28.8°
E), 2 —Valdai (57.9° N, 33.2° E), 3 — Ural (60.0° N, 60.0° E), 4 — Anatolia
(38.9°N, 28.2° E west; 40.2° N, 32.6° E central; 40.4° N, 36.5° E east), 5
— Iran (36.4° N, 54.3° E), 6 — Caucasus (43.2° N, 42.6° E mountains;
43.4° N, 43.5° E plain), 7 — Mongolia (46.1° N, 91.1° E north, 45.2° N,
90.9° E south), 8 — Carpatian region (48.5° N, 23.2° E), 9 — Danube

Results and discussion

Morphometry and craniometry of Lithuanian
A. uralensis

Juvenile and subadult individuals of A. uralensis from
Lithuania were found to be similar in body size, but not in
body mass which is significantly different between age groups
(Tukey HSD, pag.sub < 0.0001, pgyp-juy < 0.0001). Adults are
significantly bigger and heavier (Table 1). No dimorphism in
external measurements was found in subadult and juvenile
animals. In adults only one character, hind foot length, was
bigger in males (19.9 vs. 19.1 mm, ty 1, =2.26, p =0.03).
‘We found that the size of several skull characters (length of
mandibular tooth row, length of lower molar M1, length of
maxillary toothrow, interorbital constriction and postorbital
constriction) are not age-dependent (Table 2). However, the
other characters were significantly larger in adult animals.
Sex dimorphism in A. uralensis from Lithuania was
expressed quite weakly (Table 2), as only three skull charac-
ters in adults had significant measurement differences. The
height of the mandibula including first molar and length of
mandibular diastema was larger in females (X3 =3.7 vs
3.5 mm, ¢t =2.14, p <0.05; X6=3.6 vs. 3.5 mm, ¢ =2.75,

D
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region (43.6° N, 28.2° E), 10 — Belarus (51.7° N, 28.4° E), 11 —
Ukraine (47.8° N, 34.5° E), 12 — Donetsk (48.0° N, 37.6° E), 13 —
Miass (55.1° N, 60.1° E), 14 — Austria (48.2° N, 16.7° E), 15 — former
Czechoslovakia (49.9° N, 14.0° E), 16 —Moravia (49.2° N, 16.6° E), 17 —
Slovakia (49.0° N, 20.0° E), 18 — Hungary (47.5° N, 21.1° E), 19 —
Romania (46.6° N, 21.8° E), 20 — Lithuania (56.2° N, 22.7° E).
Coordinates are rounded to the nearest decimal and represent territory,
not the locality

p <0.01, respectively), while postorbital constriction was larg-
er in males (X22=3.61 vs 3.71 mm, ¢ =2.26, p <0.05). In
subadult animals, the length of mandibular tooth row was
bigger in males (X7=2.7 vs 2.85 mm, ¢ =3.32, p <0.05).
Juveniles of A. uralensis were not sex dimorphic.

Sex dimorphism of other Apodemus species in Lithuania is
expressed differently. In A. flavicollis, males are significantly
larger in body weight and length (with p <0.05), while in
A. sylvaticus, females are slightly (p <0.10) larger in body
weight, length and maxillary toothrow length (Bal¢iauskiené
et al. 2004). In A. agrarius, sex based differences in body size
of subadult and adult animals were not registered
(Balciauskiené and BalGiauskas 2016).

Sex dimorphism in A. uralensis populations
across species range

Size differences in A. uralensis are so marked that sexual
dimorphism in this species seems unclear. In subadult
A. uralensis individuals from Slovakia, males were bigger in
all body measures, while in adult animals females were bigger
in body mass, body and tail length, with males bigger in the
hind foot length (Balaz et al. 2012). In the former
Czechoslovakia, body and tail lengths were found to be
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Table 1 Morphometric
characteristics (average +
standard error) of A. uralensis
from Lithuania

significantly bigger in females (Steiner 1978). In Austria,
males were larger than females according tail length (p =
0.06), hind foot length (p =0.065) and body weight (p =
0.09) (re-calculated from Spitzenberger and Bauer 2001). In
Mongolia, males were insignificantly larger in body weight

Table 2 Craniometric
characteristics (average +
standard error) of A. uralensis
from Lithuania

@ Springer

Character *  Adult (n =36, 1283:2422)  Subadult Juveniles (n =30, 1533 1529)
(n=12,783:599)
Avg+SE® Min—max Avg+ SE Min—-max  Avg+SE Min—-max
Q (g 17.9+0.38 ! 140220  12.6+0372 11.0-15.0 11.3+032° 6.5-14.6
L (mm) 86.1+0.66 ' 78.0-943  749+1422 68.5-842 73.3+£0.902 63.8-85.0
C (mm) 8524094 " 723-96.0  743+1.102  69.0-79.0 72.1+1.622 43.0-85.5
P (mm) 194+0.16"" 175213 18740202 17.5-19.5 18.8+0.182 15.8-20.9
A (mm) 14.0+0.14 ! 11.2-15.5 13340442  104-150 13.1£0.272 8.8-15.0

#Body weight (Q), body length (L), tail length (C), hind foot length (P) and ear length (A)

® Values marked with different superscripts in the same line differ significantly at p < 0.05. Values marked with an
asterisk differ significantly between males and females at p < 0.05

and body length, but significantly larger in terms of tail length
and hind foot length (both p =0.03, re-calculated from Shar
et al. 2015).

As for dimorphism in skull characters, the situation is sim-
ilar. According to Steiner (1978), skulls of adult A. uralensis

Character

Adult (n =36, 1283:2429)®

Subadult

Juveniles (n =30, 1533:1599)

(in mm) * n=12,733:599)

Avg+SE © Min-max Avg +SE Min-max  Avg+SE Min—-max
X1 10.9+0.05 ' 10.0-11.6 10.6+0.102  102-112 104+0.07° 9.8-11.2
X2 9.8+0.05 ! 9.0-10.4 95+0.08%2  92-10.0  9.2+0.087 8.6-10.2
X3 3.6+0.03 *! 3.3-4.0 34+0.06%  3.0-3.8 3.3+0.042 2.8-3.8
X4 52+0.04" 5.0-6.0 49+0.09%2 4453 4.8+0.052 43-52
X5 5.4+0.04" 5.0-6.0 5240112 4857 5.0+0.06 2 43-5.6
X6 3.5+0.02 *! 3.3-3.8 3540041 3237 3.5+0.03 2 3.1-3.8
X7 2.8+0.02" 2.6-3.0 28+0.03 % 2629 2.8+0.02" 2.7-3.1
X8 1.0+0.01" 09-1.2 1.0+0.02! 0.9-1.1 1.0+0.01" 0.9-1.1
X9 73+0.08 ! 6.3-8.2 68+0.19% 5579 6.8+0.09 2 5.7-1.9
X10 10.6+0.05 ! 10.0-10.9 105+£0.10 ' 10.0-10.9 10.4+0.052 10.1-11.1
X11 11.3+0.08 ! 10.5-12.3 105+0.18% 99-114  103+0.152 8.7-11.5
X12 63+0.04" 6.0-6.9 59+0.10%> 54-64 5.8+0.06 > 52-64
X13 7.1+0.04" 6.6-7.6 6.9+0.12" 6.1-7.4 6.7+0.07 2 6.3-7.5
X14 43+0.04" 3.7-4.9 40+0.07%  3.7-45 4.0+0.06 2 3.4-4.4
X15 33+0.02" 3.1-3.6 34+0.03"  3.1-35 33+0.02" 3.1-3.6
X16 1.1+0.02" 1.0-1.5 1.0+£0.012  1.0-1.1 1.1+0.012 0.9-1.2
X17 1.7+0.01" 1.6-1.8 170022 1517 1.6+0.022 14-1.8
X18 23.9+0.13 " 23.0-25.3 23.0+£0272 21.6-241 22540222 21.1-24.8
X19 10.9+0.06 " 10.2-11.5 105+0.122  99-109  10.3+0.092 9.6-11.5
X20 10.5+0.07 " 9.9-11.0 10.0+£0.142  92-105  9.9+0.10° 9.1-11.2
X21 3.6+0.06" 3.1-4.8 35+0.06' 3339 3.6+0.05" 3.1-4.0
X22 3.6+0.02 *! 33-3.9 3.6+004' 3438 3.7+0.03 ! 3.4-4.0
X23 8.6+0.06 ! 8.0-8.9 85+0.08'  8.1-8.8 8.4+0.072 7.7-8.9

# Abbreviations for characters are explained in Material and methods section

®Male : female ratio may differ for some characters

¢ Values marked with different superscripts in the same line differ significantly at p < 0.05. Values marked with an
asterisk differ significantly between males and females at p < 0.05
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females were larger in postorbital constriction (3.86 vs.
3.77 mm, p =0.02) and in the length of foramen incisivum
(4.39 vs. 4.31 mm, p =0.05) in the former Czechoslovakia. In
Mongolian adult A. uralensis, zygomatic skull width is signif-
icantly larger in males (12.75 vs. 12.08 mm, t=2.77, p < 0.02,
re-calculated from Shar et al. 2015). In the Caucasus, most of
the sex dimorphism in the skull characters were registered at
higher altitudes (Amshokova 2010): five characters
(condylobasal length, length of rostrum, zygomatic skull
width, length of mandibula and biggest skull width) were
significantly larger in males, while three (interorbital constric-
tion, length of foramen incisivum and height of the braincase)
were larger in females. Thus, sex dimorphism in A. uralensis
is not clearly expressed.

Variability of A. uralensis body measurements

Adult A. uralensis from populations in the western part of the
range were reported as having the lowest average body mass
(17.14-18.58 g) and the Lithuanian sample falls within these
limits (Table 1). Significantly heavier individuals were char-
acteristic only for the eastern edge of the range in Mongolia,
with Q=21.0 g (recalculated from Shar et al. 2015), and the
southern edge in Turkey, with Q=20.1 g (Krystufek and
Vohralik 2007). A. uralensis from both of these samples were
significantly (p < 0.0001) heavier than mice from the western
part of the species range (Fig. 2a).

The body length of A. uralensis follows the same pattern,
reverse to that of Bergmann’s rule — the longest mice were
registered in the southern and eastern edges of the range, i.c.
Turkey and Mongolia (the difference of both to the Central
European samples were significant at p <0.0001).
Significantly, the smallest mice were found in the northern
part of the range, i.e. in the Ural. The body length of adult
A. uralensis from Lithuania is within the limits of body length
of mice from populations in the western and central parts of
the range (Fig. 2b).

The tail length of mice from Lithuania is shorter than in
Turkey (southern edge of the range), but did not differ from
Iran and the Ural, i.e. southern and northern extremes (Fig.
2¢). However, tail to body length ratio show differences in
longitudinal aspect, with the shortest tails in the east, becom-
ing longer in the west, including the north-western population
of A. uralensis in Lithuania, where the ratio was the highest.
Tail to body length ratio in a south-north direction is consistent
(Fig. 2d).

The highest average values of the hind foot of adult
A. uralensis, over 20 mm (Fig. 2e), were reported from the
southern edge populations in Turkey and Iran (KrysStufek and
Vohralik 2007; Darvish et al. 2011). Hind foot lengths of 19—
20 mm is characteristic for mice from all parts of the distribu-
tion range except the most southern. Lithuanian and
Mongolian populations are similar in hind foot size (19.4

and 19.2 mm, NS), showing no longitudinal difference.
Mice with the smallest hind foot length (> 19 mm) are all from
populations in the western part of the range (Fig. 2e).

The shortest ears were found in the populations from west-
ern and central parts of the A. uralensis distribution range (Fig.
2f). An average ear length over 14.5 mm was characteristic
only at the southern and eastern extremes of the range, while
over 14 mm was characteristic in the northern and north-
western parts of the range, i.e. the Ural and Lithuania.

Variability of A. uralensis skull size

The longest skulls of A. uralensis are characteristic to edge
populations (Fig. 3a), and this parameter is very variable. On
the southern edge of the species range (Iran), the condylobasal
skull length is over 24 mm (Darvish et al. 2011), while the
length is also almost that value in Lithuania in the north-
western part of the range (see Table 2, the difference not
significant). These two marginal populations differ from the
other populations significantly (p <0.001). Condylobasal
skull length over 23 mm was characteristic to mice from
Caucasus Mountains and Mongolia, and over 22.5 mm to
Caucasus plains and Turkey (KryStufek and Vohralik 2007;
Amshokova 2010; Shar et al. 2015). The shortest skulls of
adult A. uralensis were from Hungary, average 20.6 mm
(Demeter and Lazar 1984), Estonia, average 21.08 mm, and
Carpatian region, average 21.12 mm (Zagorodniuk 2005).

Populations of mice with the widest skulls, zygomatic
width of the skull 12.5 mm and over (Fig. 3b), were charac-
teristic to the eastern and southern edges of the range, specif-
ically Mongolia and Iran (Krystufek and Vohralik 2007, 2009;
Darvish et al. 2011). Quite unexpectedly, according to Balaz
et al. (2012), this group also statistically includes A. uralensis
from Slovakia, though according another author, the zygomat-
ic width of the skull was significantly smaller in this same
country, even in mountainous areas (Canady et al. 2014).
Mice from the Caucasus mountains had zygomatic width of
the skull over 12 mm. Average zygomatic width of the skull
over 11.5 mm and is characteristic to the Caucasus plain
(Amshokova 2010) and Austria (Spitzenberger and Bauer
2001). The narrowest skulls with a zygomatic width of the
skull less than 11 mm are from the populations in central
and northern parts of the range (Zagorodniuk 2005, Fig. 3b).
The Lithuanian sample is characterized by medium zygomatic
skull width, and is close to populations from Ukraine and
Danube region (Zagorodniuk 1993; Lashkova 2003), Valdai
(Zagorodniuk 2005), Slovakia and Belarus (Savickyj et al.
2005; Canady et al. 2014).

The pattern of distribution of relative skull width
(expressed as the ratio between zygomatic width and
condylobasal length) is not clear: relatively short and wide
skulls of adult A. uralensis are characteristic to western as well
as eastern populations, while the skulls of mice from southern,
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Fig. 2 Distribution of morphometric parameters of adult A. uralensis in various parts of the species distribution range (average + SD), Lithuania (north-
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central and northern parts are characterized as medium width
(Fig. 3c). Skulls of mice from Lithuania, the Ural and the
Carpathian region are the narrowest and longest, with a rela-
tive skull width <0.5.

The length of maxillary toothrow has no clear latitudinal or
longitudinal distribution either (Fig. 3d), as biggest average
values were registered in Iran (3.9 mm), Hungary (3.68 mm)
and Mongolia (3.66 mm), i.e., very different parts of the dis-
tribution range (Demeter and Lazar 1984; Darvish et al. 2011;
Shar et al. 2015). An average length of maxillary toothrow
over 3.50 mm was registered in populations from Slovakia
(Balaz et al. 2012), and in the Caucasus mountain range and
plains (Amshokova 2010). In the northern populations of
adult A. uralensis, the average length of the maxillary
toothrow varied from very short in Valdai and Estonia to me-
dium in the Ural (Zagorodniuk 2005). Despite having one of
the longest average condylobasal skull length, the average
length of the maxillary toothrow in Lithuania was found to

@ Springer

be one of the shortest (Table 2). The minimum average length
of'this character was reported from the former Czechoslovakia
(3.1 mm, Steiner 1978), differing highly significantly from all
neighbouring countries (p <0.001, Fig. 3d).

Geographic aspects of body and skull size
in A. uralensis confirm extreme variabily

Our analysis shows that the geographic variability of body and
skull size in A. uralensis is quite significant, in general not
following Bergmann’s rule. Significant differences in external
and cranial measurements were found in A. uralensis from
different regions of the same country, for example in
Hungary (Steiner 1978; Demeter and Lazar 1984) and
Slovakia (Balaz et al. 2012; Canady et al. 2014). The smallest
as well as medium and highest average values of the same
parameter, such as body length or upper toothrow length, were
characteristic to A. uralensis populations from Central Europe.



Biologia

26 a
£
E 25
-
iS)
e 24
K}
© 23
(2]
8
o 22
=
c
S 21
o
20+
2E8E T XL LSVOTNFTIESTT2RET LT
G282 EEE20xXx2550 085 ECSD
D00 05 cosggooc2% 2385 © =
Se2 0 > C S c 55 >0 5 5= 235
SHt86g%2Z3R8~0659 29532
< = £
T §3°9%32 2 2= 835
E= > 9 > 3 =]
TS om c S @
e 8 g O
s N o
(]
20.58
5 Cc
c
< -
©0.56
c
& -
©0.54
©
o
2052
>
30
c
8
< 0.504
=
s
2
20.48
2
=1
2ol
£ 046
S ® § @ 14 T £ £ £ £ 08 00©
2 cfoccp 23830 ETEGTS E =
N SO g o o g = 5O el a ® ©
=1 ® % L ¢ > S 9o 423 2D >
»n X =) > Q0 S Z c 2
= = S 0 X ®© <)
= c w3 A m o 23 S8 <2
— ] 2 82 >F = "
= > 38 ¢8>
© S © 5 ®n2e
<3 8O0=® »
T (@]
o

Zygomatic widtl
33225
o o o o o
Danube region[——————}—
Slovakiamt. ————+—
Slovakia plain—————+—
Miass—— +——
Austria[———— }+—
Caucasus plan[———————— 31—
Caucasusmt.——— 11—
Slovakia——————————— 1+—
lran——————
Mongolia————————————— 34—

C © ©@ X 0 V5 @©
s 8c8c28c
220 00 T TS F ©
(9] B S £ =}
4 n 5 X 0> 2
c wa>om =
® -
S
@
o
IS
©
o

£ 44 d

1S

T 4.2

9

<

5 4.0

=]

5‘3.8

3 36

€

-

© 34

<

£

2 32 H

s 3

|

3.0 L s o e
g § 88 8 8 X S T $E L8O >C
X o £ € S>E Lo X 8T EXT g O
O g O 6 60 @ © » 2 & 7 S 5 O —
g S0 3F535¢ = 2 £ 22
2 e 2 s 2 652 o 2 8 S §
@ c £ W 3 Qo > 852
o g - Q o 8 =
<= = = S 5
5} © c S ©
P L 5§ 58
NG

Fig. 3 Distribution of skull parameters of adult A. uralensis in various parts of the species distribution range (average + SD), Lithuania (north-western

edge) is filled dark

We can not attribute these differences to individual measure-
ment errors or biases by different researchers, as high variabil-
ity of several parameters was also shown in the samples proc-
essed by a single author (i.e., Zagorodniuk 2005).

Canady et al. (2014) already mentioned that A. uralensis
are smaller in Central Europe than individuals from the eastern
part of the distribution range. However, the high variability in
A. uralensis, as expressed in external as well as in skull char-
acters (see Figs. 2 and 3), was confirmed by different samples
from within the same country, specifically in Slovakia (Balaz
et al. 2012; Canédy et al. 2014), Hungary (Steiner 1978;
Demeter and Lazar 1984) and the former Czechoslovakia
(Holisova et al. 1962; Steiner 1978). Thus, significance differ-
ences are characteristic to populations even in relatively small
areas, inside one country and in the same part of the distribu-
tion range of the species.

Even if undoubtedly there were geographical differences in
external and skull characters (as shown in Figs. 2 and 3), the
high variability camouflages latitudinal and longitudinal
clines in body and skull size. We acknowledge that in most
characters the largest average values were registered at the
southern and eastern edges of the distribution range. As for
the eastern part of the range, according to Pavlinov and
Lissovsky 2012 it is inhabited by the “semispecies”
A. kastschenkoi, having a geographical boundary along the

Irtysh River. Thus, the differences of A. uralensis from
Mongolia, i.e. the eastern edge, may have a genetical base.

Over such a wide territory, many environmental variables
are different, and these are of importance in forming a geo-
graphical cline (Stillwell 2010). Preferred habitats for
A. uralensis are different across the range: in central and east-
ern parts, the preferred habitats are mainly forest edge and
open habitats adjacent to woodland (Krystufek et al. 2008),
field boundaries (Balaz et al. 2012), woodlands (Krystufek
and Vohralik 2007) and riparian forests and vegetation (Shar
etal. 2015), whilst in south-western part of the range, presence
and even dominance of A. uralensis in agricultural lands was
found (de Mendonga and Benedek 2012; Heroldova and
Suchomel 2016). In Lithuania, in the north-western part of
species range, A. uralensis were mainly registered in “the
ecotones of mixed forests and open habitats and in open hab-
itats bordering forests or situated close to them” (Juskaitis
et al. 2016).

The relationship between morphological variation and bi-
otic factors was also not clearly identified in another species of
the same genus, A. speciosus (Takada et al. 2006). A weak
correlation between geographic and morphological distances
is characteristic also to other small mammal species, for ex-
ample the water rat Scapteromys tumidus (Waterhouse, 1837)
(Quintela et al. 2016). The situation is complicated by the fact

@ Springer
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that in wood mice, postnatal growth does not stop in most
body and skull characters (Frynta and Zizkova 1992).
According to our data (see Tables 1 and 2), continuous growth
is characteristic to most of the characters in A. uralensis.

Generalizing, populations of A. uralensis inhabiting the east-
ern and southern edges of the species range are characterized as
having the largest individuals in terms of average body and
skull size. Data on A. uralensis from Lithuania (north-western
part of the range) are in accordance with the above, but not in all
characters. In terms of tail length and condylobasal length of the
skull, Lithuanian A. uralensis are among the largest across the
distribution range. Most of the body and skull measurements in
Lithuanian mice correspond to those from populations of cen-
tral and western parts of the range.

Skulls of adult A. uralensis from Lithuania are different in
shape from individuals of other countries, as they could be
defined as long and narrow. Most of the skull characters were
significantly larger in adult animals, but measurements of five
skull characters were not age-dependent.

Sex dimorphism in A. uralensis from Lithuania is weakly
expressed and uneven: in adult animals, hind foot length and
postorbital constriction were bigger in males, while the height
of the mandibula and the length of mandibular diastema were
larger in females. Younger animals were even less dimorphic.

We conclude, that analysis based on the raw morphometric
data is required to find, if these patterns are dependent on the
complex of body size and latitude/longitude/height ASL factors.

Compliance with ethical standards

Ethical approval All applicable national, and institutional guidelines for
the care and use of animals were followed.

Conflict of interest The authors declare that they have no conflict of
interest.

References

Alcéantara M (1991) Geographical variation in body size of the wood
mouse Apodemus sylvaticus L. Mammal Rev 21(3):143-150.
https://doi.org/10.1111/5.1365-2907.1991.tb00115.x

Amshokova AK (2010) Variability of craniometric patterns of the lesser
common field mouse (Sylvaemus uralensis Pall.) at various altitudi-
nal levels in the Central Caucasus. Vestnik Nizhnegorodskogo
universiteta im. NI Lobachevskogo 3:126—133 (in Russian)

Balaz I, Ambros M, Tulis F (2012) Biology and distribution of the species
of the family Muridae (Rodentia) in Slovakia. 2" part: Apodemus
flavicollis, Apodemus sylvaticus, Apodemus uralensis, Apodemus
agrarius. Constantine the Philosopher University in Nitra, Faculty
of Natural Sciences, Nitra

Balciauskas L (2004) Methods of investigation of terrestrial ecosystems.
Part I. Animal surveys. VUL, Vilnius in Lithuanian

Balciauskas L, Bal¢iauskiené L (2011) Estimation of root vole body mass
using bone measurements from prey remains. North-West J Zool
7(1):143-147

@ Springer

Balciauskas L, Bal¢iauskien¢ L, Janonyté A (2012) Reproduction of the
root vole (Microtus oeconomus) at the edge of'its distribution range.
Turk J Zool 36:668—675. https://doi.org/10.3906/z00-1111-20

Balciauskiene L, Bal¢iauskas L (2016) Pelvis of the striped field mouse
Apodemus agrarius (Pallas, 1771): sexual dimorphism and relation
to body weight. North-West J Zool 12(1):50-57

Balciauskien¢ L, BalCiauskas L, Mazeikyté¢ JR (2004) Sex- and age-
related differences in tooth row length of small mammals: mice.
Acta Zool Lit 14(3):54-65. https://doi.org/10.1080/13921657.
2004.10512592

Balciauskiené L, Juskaitis R, Mazeikyté R (2002) Identification of shrews
and rodents from skull remains according to the length of a tooth
row. Acta Zool Lit 12(4):353-361. https://doi.org/10.1080/
13921657.2002.10512524

Canady A, Mogansky L (2015) Craniometric data of Apodemus sylvaticus
in Slovakia. Biologia 70(7):974-981. https://doi.org/10.1515/
biolog-2015-0105

Canédy A, Mosansky L, Hybelova M, Pavelkova P (2014) Morphometric
variability of Apodemus uralensis in Slovakia (Rodentia: Muridae).
Lynx, n. s. (Praha) 45:5-14

Cichocki J, Ruprecht AL, Wazna A (2011) Distribution of pygmy field
mouse Apodemus uralensis population in Poland: review of the
studies and new data. Fragmenta Faunistica 54(1):77-85

Darvish J, Siahsarvie R, Feizi MHP, Ghorbani F (2011) New record on
pigmy field mouse (Muridae, Rodentia) from Northeast Iran.
Hystrix Ital J] Mammal 21(2):115-126. https://doi.org/10.4404/
hystrix-21.2-4452

de Mendonga PG, Benedek AM (2012) Molecular discrimination and
morphological description of Apodemus sylvaticus and
A. uralensis from Cefa nature reserve (Romania). Acta Zool Bulg
64(3):283-288

Demeter A, Lazar P (1984) Morphometric analysis of field mice
Apodemus: character selection for routine identification
(Mammalia). Ann Hist-Nat Mus Natl Hung 76:297-322

Frynta D, Zizkova M (1992) Postnatal growth of wood mouse
(Apodemus sylvaticus) in captivity. In: Horacek I, Vohralik V (eds)
Prague studies in mammalogy. Charles University Press, Prague, pp
57-69

Headrick TC (2010) Statistical simulation: power method polynomials
and other transformations. Chapman and Hall/CRC, Boca Raton

Heroldova M, Suchomel J (2016) Drobni savci v porostech fepy cukrové
a jejich vyznam z hlediska $kod na fepné produkei. Listy
Cukrovarnicke Reparske 3:96-99

Holisova V, Pelikan J, Zejda J (1962) Ecology and population dynamic in
Apodemus microps Krat. and Ros. (Mamm.: Muridae). Prace Brnén
Z&kl CSAV 34:493-540

Jangjoo M, Darvish J, Vigne JD (2011) Application of outline analysis on
fossil and modern specimens of Apodemus. Iran J Anim Biosyst
7(2):43-155

Joji¢ V, Bugarski-Stanojevi¢ V, Blagojevi¢ J, Vujosevic M (2014)
Discrimination of the sibling species Apodemus flavicollis and
A. sylvaticus (Rodentia, Muridae). Zool Anz 253(4):261-269.
https://doi.org/10.1016/].jcz.2014.02.002

Juskaitis R, Bal¢iauskas L, Alejiinas P (2016) Distribution, habitats and
abundance of the herb field mouse (Apodemus uralensis) in
Lithuania. Biologia 71(8):960-965. https://doi.org/10.1515/biolog-
2016-0116

Krystufek B, Sozen M, Bukhnikashvili A (2008) Apodemus uralensis.
The IUCN Red List of Threatened Species 2008:
e.T1905A8801937. https://doi.org/10.2305/ITUCN.UK.2008.RLTS.
T1905A8801937.en. Accessed 15 March 2016

Krystufek B, Vohralik V (2007) Distribution of field mice
(Apodemus)(Mammalia: Rodentia) in Anatolia. Zool Middle East
42(1):25-36. https://doi.org/10.1080/09397140.2007.10638243


https://doi.org/10.1111/j.1365-2907.1991.tb00115.x
https://doi.org/10.3906/zoo-1111-20
https://doi.org/10.1080/13921657.2004.10512592
https://doi.org/10.1080/13921657.2004.10512592
https://doi.org/10.1080/13921657.2002.10512524
https://doi.org/10.1080/13921657.2002.10512524
https://doi.org/10.1515/biolog-2015-0105
https://doi.org/10.1515/biolog-2015-0105
https://doi.org/10.4404/hystrix-21.2-4452
https://doi.org/10.4404/hystrix-21.2-4452
https://doi.org/10.1016/j.jcz.2014.02.002
https://doi.org/10.1515/biolog-2016-0116
https://doi.org/10.1515/biolog-2016-0116
https://doi.org/10.2305/IUCN.UK.2008.RLTS.T1905A8801937.en
https://doi.org/10.2305/IUCN.UK.2008.RLTS.T1905A8801937.en
https://doi.org/10.1080/09397140.2007.10638243

Biologia

Krystufek B, Vohralik V (2009) Mammals of Turkey and Cyprus.
Rodentia II: Cricetinae, Muridae, Spalacidae, Calomyscidae,
Capromyidae, Hystricidae, Castoridae. Zalozba Annales, Koper

Lashkova E (2003) Morphometric variation in wood mice, Sylvaemus
(Muridae) from Ukraine fauna. Vestnik Zool 37(3):31-41 (in
Russian)

Medvedev SG, Tretyakov KA (2014) Fleas of small mammals in St.
Petersburg Entomol Rev 94(9):1297-1305. https://doi.org/10.
1134/S0013873814090103

Meiri S, Dayan T, Simberloff D (2005) Biogeographical patterns in the
western Palearctic: the fasting-endurance hypothesis and the status
of Murphy's rule. J Biogeogr 32(3):369-375. https://doi.org/10.
1111/.1365-2699.2005.01197 x

Pavlinov IYA, Lissovsky AA (2012) The mammals of Russia: a taxo-
nomic and geographic reference. KMK Scientific Press Ltd.,
Moscow

Pucek Z (1981) Keys to vertebrates of Poland. Mammals. PWN — Polish
Scientific Publishers, Warszawa

Quintela FM, Fornel R, Freitas TR (2016) Geographic variation in skull
shape of the water rat Scapteromys tumidus (Cricetidae,
Sigmodontinae): isolation-by-distance plus environmental and geo-
graphic barrier effects? An Acad Bras Cienc 88(1):451-466. https://
doi.org/10.1590/0001-376520162014063 1

Savickyj BP, Kuémel SV, Burko LD (2005) Mammals of Belarus. BGU,
Minsk (in Russian)

Shar S, Batsaikhan N, Dolch D, Gardner SL, Kullmer O, Lebedev VS,
Lkhagvasuren D, Menz U, Samiya R, Stubbe M, Ansorge H (2015)
First report of the herb field mouse, Apodemus uralensis (Pallas,
1811) from Mongolia. Mong J Biol Sci 13(1-2):35-42. https:/doi.
org/10.22353/mjbs.2015.13.05

Shintaku Y, Motokawa M (2016) Geographic variation in skull morphol-
ogy of the large Japanese field mice, Apodemus speciosus
(Rodentia: Muridae) revealed by geometric morphometric analysis.
Zool Sci 33(2):132-145. https://doi.org/10.2108/zs150082

Spitzenberger F, Bauer K (2001) Zwergwaldmaus Apodemus (Sylvaemus)
uralensis (Pallas, 1811). In: Spitzenberger F (ed) Die Siugetierfauna
Osterreichs. Austria Medien Service, Graz, pp 502-505

StatSoft, Inc (2004) STATISTICA (data analysis software system), ver-
sion 6. www.statsoft.com. Accessed 25 May 2011

Steiner HM (1978) Apodemus microps Kratochvil und Rosicky, 1952 —
Zwergwaldmaus. In: Niethammer J, Krapp F (eds) Handbuch der
Séaugetiere Europas 1, Rodentia I. Akademische Verlagsgesellschatft,
Wiesbaden, pp 359-367

Stillwell RC (2010) Are latitudinal clines in body size adaptive? Oikos
119(9):1387-1390. https://doi.org/10.1111/j.1600-0706.2010.18670.
X

Takada Y, Sakai E, Uematsu Y, Tateishi T (2006) Morphological variation
of'large Japanese field mice, Apodemus speciosus on the Izu and Oki
Islands. Mammal Stud 31(1):29—40. https://doi.org/10.3106/1348-
6160(2006)31[29:MVOLIJF]2.0.CO;2

Téte N, Fritsch C, Afonso E, Coeurdassier M, Lambert JC, Giraudoux P,
Scheifler R (2013) Can body condition and somatic indices be used
to evaluate metal-induced stress in wild small mammals? PLoS One
8:66399. https://doi.org/10.1371/journal.pone.0066399

Zagorodniuk IV (1993) Identification of east European Sylvaemus
sylvaticus (Rodentia) and their geographic occurrence. Vestnik
Zool 27(6):37-47 (in Russian)

Zagorodniuk IV (2005) Regularities of development of geographical var-
iation in sibling complexes of mammals (on example of genus
Sylvaemus). Rep Natil Acad Sci Ukr 9:171-180 (in Russian)

@ Springer


https://doi.org/10.1134/S0013873814090103
https://doi.org/10.1134/S0013873814090103
https://doi.org/10.1111/j.1365-2699.2005.01197.x
https://doi.org/10.1111/j.1365-2699.2005.01197.x
https://doi.org/10.1590/0001-3765201620140631
https://doi.org/10.1590/0001-3765201620140631
https://doi.org/10.22353/mjbs.2015.13.05
https://doi.org/10.22353/mjbs.2015.13.05
https://doi.org/10.2108/zs150082
http://www.statsoft.com
https://doi.org/10.1111/j.1600-0706.2010.18670.x
https://doi.org/10.1111/j.1600-0706.2010.18670.x
https://doi.org/10.1371/journal.pone.0066399

	Body size and craniometry of the herb field mouse from Lithuania in the context of species range
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Morphometry and craniometry of Lithuanian A.�uralensis
	Sex dimorphism in A.�uralensis populations across species range
	Variability of A.�uralensis body measurements
	Variability of A.�uralensis skull size
	Geographic aspects of body and skull size in A.�uralensis confirm extreme variabily

	References


