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Abstract: The skull, teeth, phallus and bacula of Microtus guentheri specimens raised in the laboratory were investigated at different
stages of postnatal development. The most of the cranial measurements attained those of adults on day 60. There were determined
to be some morphological differences between the skulls of young and adult voles. The incisors and the molars began to erupt at 3
and 6 days, respectively. It was shown that there was no difference in respect to the phallic and bacular morphology between young
and adults except for size. The proximal bacula became larger during the period between juvenile life and adulthood. Findings showed
that the morphological peculiarities of skull, teeth, phallus and baculum during postnatal development may be also useful in
determining the age of the sepicimens.
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Tiirkiye’de Microtus guentheri Danford and Alston, 1880 (Mammalia: Rodentia)'nin Yas
Varyasyonlari

Ozet: Bu calismada Microtus guentherinin kafatasi, dis, phallus ve bakulum gelisimi dogum sonrasi gelisim boyunca yas gruplarinda
laboratuvarda yetistirilen hayvanlar Uzerinde arastirildi. Kafatasi 6lctlerinin ¢cogu 60 giinde yetiskinlerin dlctilerine ulasti. Yetiskin ve
gen¢ orneklerin kafataslar! arasinda bazi morfolgjik farkliliklarin oldugu belirlendi. Kesici ve azi disleri sirasiyla 3. ve 6. glnde
clkmaya basladi. Geng ve yetiskin 6rnekler arasinda phallus ve bakulum morfolojileri bakimindan buyuklik disinda bir farkin oldugu
goruldl. Genglerden yetiskinlere dogru proksimal bakulumun bazal kismi daha genis hale gelir. Bulgular, dogum sonrasi gelisim
boyunca kafatasi, digler, phallus ve bakulumun morfolgjik 6zelliklerinin érneklerin yasinin belirlenmesinde de kullanilabilecegini

gosterdi.

Anahtar Sozcukler: Microtus guentheri, yas varyasyonlari, phallus, bakulum, kafatasi.

Introduction

Microtus guentheri was firstly described by Danford
and Alston (1) from Maras (Turkey). Thomas (2), Miller
(3), Blackler (4), Neuhduser (5) and Kefelioglu (6)
recorded this vole from various areas of Turkey.

While taxonomic status of M. guentheri is in question,
its biology is also poorly known in Turkey. Cohen-
Shlagman et al. (7, 8) examined its biology and ecology in
both captivity and the field in Israel. Recently Colak et al.
(9) studied reproduction biology of M. guentheri and
made some ecological observations. The aim of this study
is to investigate the growth of skull, tooth, baculum and
phallus, and to contribute to age determination.

Materials and Methods

We constructed a colony of M. guentheri from Ankara
province, and maintained this colony from 1994 to 1997.

Voles were kept in stocking cages 60x60x60 cm until
breeding condition, and then a female and a male were
housed in a cage 30x30x30 c¢m for mating. Animals were
provided with nesting materials, food (wheat seeds, fresh
grass, sunflower seeds and carrot) and water. All living
specimens were kept in ambient conditions similar to the
climate (temperature, photoperiod and humidity) in their
natural environment. To determine their birth date and
mating, animals were inspected daily and nightly. After
copulation, the male was removed from the parental
cage. Pups were Killed at intervals of 12, 16, 20, 25, 30,
43 and 60 days, and then skulls and phalli were removed
from each animal to examine the postnatal development.
Phallic preparations were made according to Lidicker
(10). Tooth terminology followed that used in Ognev
(11).

Nineteen measurements were taken from each of the
skulls with a calliper with accuracy of up to 0.1 mm (Fig.

145



1). The measurements of molars and bacula were made
by micrometer with accuracy of up to 0.01 mm. All
dawings were made with a camera lucida attached to the
binocular.

Abbreviations used in text: GtL.: Greatest length of
the skull, CBL.: Condylobasal length, ZB.: Zygomatic
width, IC.: Interorbital constriction, MdB.: Mastoid
breadth, TBL.: Tympanic bullae length, OL.: Occipito-nasal
length, BL.: Basal length, NL.: Nasal length, FL.: Foramen
incisivum length, NB.: Nasal breadth LFcS.: Length of
facial region of the skull, BW: Braincase length, HBB.:
Heigh of braincaise in bullae, HB: Heigh of braincaise,
OW: Occipital width, BW: Braincase width, DL: Diastema
length, PL: Palatal length, M: Mandible, C-M® The
maxillary tooth row, C-M_: The mandibulary tooth row,
M': Length of first upper molar, M? Length of second
upper molar, M*: Length of third upper molar, M,: The
length of first lower molar, M_: The length of second
lowermolar, M,: The length of third lower molar, BL:
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Baculum length BAH: Baculum base height, BW: Baculum
width, BTW: Baculum tip width.

Results and Discussion

Skull: Measurements of cranial characters of M.
guentheri during postnatal development are shown in
Table 1 and Fig. 3. We monitored these measurements
over 60 days, and then compared them with those of
adults. The first skulls were obtained from a 17-day-old
litter. Any earlier is impossible because of the
insufficiently ossificated skull. The shape of the skull
changed during development. It was oval, and its
tympanic bullae was invisible in dorsal view at an age of
17-20 days (Fig. 3 A, B). Tympanic bullae became visible
at 25-30 days (Fig. 3 C), and then many processes such
as typanic bullae, auditory meatus, occipital and temporal
region appeared in the skull in dorsal aspect (Fig. 3C).
The skull has softer lines in pups than in adults. The

oL

Figure 1.
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Measurements of cranial and mandibular variables of Microtus guentheri as used in text. A: dorsal view of cranium, B: ventral view of cra-
nium, C: lateral view of cranium, D: external view of mandible.
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Figure 2. Baculum  dimnesions and
shape of Microtus guentheri.
A. dorsal, B. lateral view. 1.
distal part of baculum length,
1 2. baculum length, 3. baculum
tip width, 4. baculum width,
5. baculum base height.
2
A B
Table 1. The postnatal development of some cranial characters, by day.
12 16 20 25 30 43 60 Adults
GtL 18.05+1.15 21.08+0.92 21.76+0.21 22.3 22.92+0.39 24.66+0.76 26.85+0.07 28.65+0.75
17.2-19.7 19.8-22.6 20.1-22.4 22.6-23.6 23.5-25.4 26.8-26.9 27.5-30.0
n=8 n=6 n=2 n=1 n=5 n=5 n=4 n=13
7B 10.8+0.25 12.01+0.78 12.5 13.58+0.17 14.56+0.36 16.1+0.14 17.42+0.81
10.5-11.1 10.4-13.1 - 13.4-13.8 14.1-15.0 16.0-16.2 16.0-18.9
n=8 n=9 n=1 n=5 n=5 n=4 n=13
IC 3.51+0.12 3.67+0.11 3.76+0.25 3.8 3.82+0.16 3.84+0.08 3.9+0.0 3.95+0.12
3.3-3.7 3.5-3.8 3.5-4.0 3.7-4.0 3.7-3.9 3.9-3.9 3.84.2
n=8 n=10 n=3 n=1 n=5 n=5 n=4 n=13
CBL 16.97+0.71 19.63+1.00 20.0+0.28 22.2+0.25 23.88+0.99 26.4+0.28 27.96+0.77
16.0-17.7 18.2-21.0 19.8-20.2 - 22.1-22.6 22.5-24.8 26.2-26.6 27.3-29.8
n=8 n=6 n=2 n=5 n=5 n=4 n=13
oL 18.42+1.03 21.6+1.22 20.75+0.21 22.3 22.64+0.37 24.22+0.89 26.85+0.07 28.73+0.83
17.3-19.8 19.6-22.9 20.6-20.9 22.2-23.1 22.8-24.8 26.8-26.9 27.8-30.4
n=6 n=6 n=2 n=1 n=5 n=5 n=4 n=13
BL 15.97+0.66 18.53+1.03 18.55+0.63 18.8 21.06+0.39 22.84+0.66 25.3+0.14 26.32+1.01
15.2-16.8 16.9-19.9 18.1-19.0 20.8-21.7 21.9-23.5 25.2-25.4 24.8-28.1
n=8 n=6 n=2 n=1 n=5 n=5 n=4 n=13
NL 4.55+0.33 5.77+0.57 5.7+0.1 6.3 6.62+0.16 7.17+0.28 7.75+0.21 8.66+0.35
4.2-5.0 5.4-6.3 5.6-5.8 6.5-6.9 6.8-7.5 7.6-7.9 8.3-9.2
n=8 n=9 n=3 n=1 n=5 n=5 n=4 n=13
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Continued Table 1
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12 16 20 25 30 43 60 Adults
NB 3.0+0.20 3.01+£0.13 3.03+0.05 3.1 3.08+0.08 3.35+0.12 3.4+0 3.50+0.28
2.7-3.2 2.9-3.1 3.0-3.1 3.0-3.2 3.2-34 3.3-3.5 3.1-3.8
n=8 n=9 n=3 n=1 n=5 n=4 n=4 n=13
LFcS 10.75+0.40 12.45+0.59 12.53+0.32 13.2 13.6+0.29 14.42+0.40 16.40+0.28 17.33+0.91
10.1-11.3 11.6-13.1 12.3-12.9 13.2-14.0 13.8-14.9 16.2-16.6 16.2-18.8
n=8 n=7 n=3 n=1 n=5 n=5 n=4 n=13
BW 6.2+0.31 7.51+0.32 7.65+0.07 8.1 8.9+0.23 9.52+0.19 10.4+0.14 11.50+0.41
5.8-6.5 7.0-8.1 7.6-7.7 8.7-9.0 9.3-9.8 10.3-10.5 11.1-12.5
n=8 n=8 n=2 n=1 n=5 n=5 n=4 n=13
MdB 6.03+0.05 6.74+0.36 6.8+0 7.6 7.46+0.36 7.86+0.35 8.5+0.42 9.43+0.42
6.0-6.1 6.1-7.2 6.8-6.8 6.9-7.8 7.4-8.4 8.2-8.8 9.1-10.5
n=3 n=9 n=2 n=1 n=5 n=5 n=4 n=13
HBB 8.0+0.57 8.75+0.67 8.85+0.21 9.4 9.64+0.08 10.14+0.23 10.25+0.07 10.85+0.39
7.4-8.7 7.8-9.4 8.7-9.0 9.5-9.7 9.9-10.5 10.2-10.3 10.3-11.6
n=4 n=8 n=2 n=1 n=5 n=5 n=4 n=13
HB 6.70+0.25 7.44+0.48 7.85+0.35 7.4 8.08+0.49 8.66+0.23 8.7+0.14 9.08+0.47
6.4-7.0 7.3-8.1 7.6-8.1 7.2-8.4 8.4-8.9 8.6-8.8 8.3-9.9
n=4 n=7 n=2 n=1 n=5 n=5 n=4 n=13
ow 9.73+0.11 10.01+0.25 10.20+£0.42 11.1 11.14+0.25 12.0+£0.37 12.7+0.98 13.82+0.64
9.6-9.8 9.6-10.3 9.9-10.5 10.9-11.5 11.7-12.6 12.0-13.4 12.9-14.9
n=3 n=8 n=2 n=1 n=5 n=5 n=4 n=13
BW 10.40+0.30 11.20+0.64 11.23+£0.20 12.1 11.94+0.30 12.66+0.33 13.15+0.35 13.28+0.56
10.2-10.8 10.2-12.0 11.0-11.4 11.6-12.3 12.3-13.1 12.9-13.4 12.9-14.0
n=3 n=9 n=3 n=1 n=5 n=5 n=4 n=13
DL 5.15+0.22 6.28+0.16 6.3x0 6.7 7.02+0.40 7.52+0.17 8.95+0.63 9.09+0.54
4.7-5.4 6.1-6.5 6.3-6.3 6.3-7.3 7.3-7.7 8.5-9.4 8.1-9.7
n=7 n=6 n=3 n=1 n=5 n=5 n=4 n=13
PL 10.05+0.19 11.28+0.88 11.65+0.31 12.5 12.50+0.23 13.78+0.47 14.75+0.21 15.56+0.59
9.3-10.8 10.3-12.1 11.4-11.9 12.2-12.7 13.1-14.4 14.9-15.6 14.8-16.9
n=8 n=5 n=3 n=1 n=5 n=5 n=4 n=13
TBL 5.91+0.29 6.78+0.48 7.35+0.21 7.6 8.42+0.26 9.24+0.30 9.55+0.35 9.7+0.63
5.5-6.3 6.1-7.8 7.2-7.5 8.0-8.7 8.9-9.6 9.3-9.8 8.8-10.8
n=7 n=9 n=2 n=1 n=5 n=5 n=4 n=13
M 11.62+0.63 13.16+0.63 14.36+0.37 14.9 14.72+0.57 15.82+0.81 17.4+0 18.52+0.70
10.8-12.3 12.2-14.0 14.1-14.8 13.8-14.9 14.8-16.6 17.4-17.4 17.8-20.3
n=7 n=9 n=3 n=1 n=5 n=5 n=4 n=13
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Table 2. The postnatal development of molars, by day.
12 16 20 25 30 43 60 Adults
6.089+0.16 6.497+0.18 6.721+0.25 7.038 6.884+0.23 7.138+0.49 7.176+0.16 7.957+0.42
c-M3 5.97-6.43 6.27-6.88 6.43-6.87 6.58-7.19 6.27-7.50 6.96-7.59 7.19-8.72
n=8 n=9 n=3 n=1 n=5 n=5 n=4 n=12
M! 2.161+0.15 2.410+0.16 2.509+0.08 2.295 2.542+0.08 2.45+0.11 2.48+0.04 2.73+0.22
length 1.99-2.32 2.14-2.75 2.45-2.60 2.45-2.63 2.29-2.60 2.45-2.51 2.45-3.06
n=8 n=9 n=3 n=1 n=5 n=5 n=4 n=13
M? 1.654+0.11 1.784+0.09 1.999+0.17 1.84 1.814+0.07 1.973+0.11 1.982+0.11 2.163+0.10
length 1.41-1.76 1.67-1.99 1.84-2.17 1.68-1.88 1.84-2.14 1.84-2.19 2.02-2.30
n=8 n=9 n=3 n=1 n=5 n=5 n=4 n=13
M3 1.190+0.36 1.324+0.24 1.36+0.26 1.68 1.929+0.14 2.102+0.26 2.188+0.14 2.616+0.21
length 0.80-1.73 0.92-1.76 1.10-1.62 1.68-2.11 1.84-2.52 1.99-2.69 2.32-2.98
n=7 n=9 n=3 n=1 n=5 n=5 n=4 n=13
5.625+0.75 6.29+0.19 6.426+0 6.732 6.627+0.23 7.033+0.43 7.305+0.27 7.729+0.40
C-M3 4.77-6.58 5.97-6.42 6.426 6.27-6.88 6.45-7.50 7.11-7.50 7.27-8.41
n=8 n=9 n=3 n=1 n=5 n=5 n=4 n=13
M] 2.573+0.17 2.899+0.19 3.034+0.02 3.213 3.133+0.23 3.232+0.27 3.243+0.17 3.591+0.18
length 2.49-2.91 2.60-3.21 3.01-3.06 2.72-3.24 3.06-3.70 3.12-3.37 3.24-3.82
n=8 n=9 n=3 n=1 n=5 n=5 n=4 n=13
M2 1.365+0.05 1.496+0.06 1.591+0.01 1.530 1.581+0.38 1.673+0.11 1.690+0.03 1.822+0.17
length 1.25-1.42 1.41-1.57 1.48-1.68 1.47-1.68 1.56-1.84 1.67-1.71 1.51-2.09
n=8 n=9 n=3 n=1 n=5 n=5 n=4 n=13
M3 0.749+0.39 0.978+0.33 1.254+0.06 1.377 1.459+0.06 1.535+0.21 1.606+0.11 1.804+0.21
length 0.31-1.02 0.30-1.30 1.22-1.33 1.38-1.53 1.36-1.83 1.53-1.83 1.38-2.02
n=3 n=9 n=3 n=1 n=5 n=5 n=4 n=13

lateral processes of the occipital condyles became much
more marked with age. The occipital condyles are only
seen at an age of over 3 months in dorsal view, and are
very marked in aged samples. The orbital cavity got
progressively larger and more rounded in shape. In the
old voles, the postorbital processes were more spine-
shaped than those of young (Fig. 3). The incisors also
were visible after 40 days in dorsal aspect (Fig. 3 D). The
mandible showed minor changes during development. Its
lower edge was even in the old voles (Fig. 4).

The development of cranial characters is shown in
Table 1. Interrorbital constriction increased only from
3.51 to 3.9 mm between the 12th and 60th days of
postnatal develpoment, an increase of 0.45 mm.
However, in the same-period the zygomatic breadth
increased from 10.8 to 16.1 mm, a 5.3 mm increase. The

net result of the differences in the increases of IC and ZB
is that the orbital cavity gets larger and more rounded in
shape.

According to Colak et al. (9) the measurements of the
external characters and weight of M. guentheri pups
reach adult range by 60 days. These findings showed that
the external and cranial characteristics of pups reach
those of adults by 60 days. Of them, ZB, IC, BL, NB,
LFGcS, HBB, HB, OW, BW, DL, PL, TBL reached the
corresponding characteristics of adults by 60 days, and
only 7 mesurements, namely, GtL, CBL, OL, NL, BrL,
MdB, M took longer than 60 days to reach adult
measurements (Table 1).

Dentition: The incisors and the molars erupted at 3
and 6 days, respectively. The growth of the maxillary
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Figure 3. The postnatal development of cranium.
A. 17 days old; B. 20 days-old; C. 30 days-old; D. 43 days-old; E. 60 days-old; F. 100 days-old; G. aged (over two years-old).
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7

toothrow was completed at 14 days, and that of
mandibulary toothrow at 18 days. The M' and M .
appeared firstly, and M® and M, lastly (Fig. 4 A, B). We
determined some molar destructions in the aged voles
(Fig. 5 F, 6 D). As the age progressed, some molars,
particularly M>, began to sink into the maxilla, and its
upper ends began to appear in the orbital cavity, and
some parts of teeth were broken in some specimens (Fig.
6 D). The malformations of molars may cause the death
of the animal, because of insufficient feeding. The growth
of morals is shown in Table 2 and Fig 5. According to this
table, the length of upper and lower toothrow are almost
the same, and M', M_ are longer than M?, M, M and M,
Most of the teeth length are getting closer to adult ones
by 60 days.

In 15 day-old animals enamel fields on molars were
opened and narrow. M and M, begin to erupt, but they
are still completely in alveolar cavity, and only their upper
ends may be seen in dorsal view. The lobes of the upper

Figure 4. The postnatal development of

mandible.

A. 15 days-old; B. 17 days-
old; C. 20 days-old; D. 30
days-old; E. 43 days-old; F. 43
days-old; G. 100 days-old: H.
aged (over two years-old).

and lower molars were not separated from each other.
External and internal reentrant angles were relatively
larger than those of other age groups (Fig. 5 A).

In 17-day-old animals the M® and M, had mostly
erupted, but not completely (Fig. 4 B). As the age
progressed, the chewing surface grew larger because of
wearing of teeth. This is why the chewing surface of
molars of 17 day-old animals was larger than that of 15
day-old animals, and the enamel fields were almost closed
in this period except for M, (Fig. 5 B). This shows that
animals began to feed freely in this period, and so the
wearing of teeth also started. This result is in accordance
with Colak et al.'s (9) indication that the pups of M.
guentheri started to feed freely by 15 days. In this period,
the eruption of incisors was complete, and the first and
the second lower and upper molars completed eruption,
and then the last molars began eruption. Thus there
seems to be direct correlation between starting to feed
frelly and tooth development.
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Figure 5. The postnatal development of molars. A. 15 days-old; B. 17 days-old; C. 30 days-old; D. 43 days-old, E. 100 days-old: F. aged (over two

years-old). a. maxillary tooth row, b. mandibulary tooth row.

Figure 6. The view of the sinking of
molars into the alveolar cavity
on maxilla. A. 20 days-old; B.
60 days-old; C. 100 days-old;
D. aged (over two years-old).
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43 60 100 1.5 Year- Aged

Days Days Days Old (Over 2 years)
BL 2.368 2.885 3.049 3.442 3.573
BAH 0.261 0.393 0.622 0.721 0.688
BW 0.909 1.213 1.704 1.868 1.806
BTW 0.360 0.459 0.459 0.491 0.524

Table 3.

The postnatal development of
bacula.

S
£

Figure 7. The postnatal development of bacula. A. 43 days-old; B. 60 days-old; C. 100 days-old; D. 1.5 years-old: E. aged (over two years-old). a.

dorsal, b. ventral, c. lateral, d. basal view.
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C

Figure 8. The postnatal development of phalli. A. 60 days-old; B. 100 days-old; C. 1.5 years-old. a. lateral, b. dorsal, c. ventral, d. tip view.
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In 30-day-old animals, the enamel fields of molars
were almost completely closed except that the enamel
fields of M, had closed by this period. The anterior lobe
of M, was rounder in shape (Fig. 5 C).

In 43-day-old animals, there was an extra process on
the anterior lobe of M,. The molars had some changes at
the age of 100 days. For example, the chewing surface of
the molars and particularly the posterior lobe of M3 had
become larger and smoother (Fig. 5 E). The first internal
reentrant angle of M, had become even due to wearing
(Fig. 5 E, b). The chewing surface of the molars of aged
voles (over 2 year-old) was the largest, and external and
internal reentrant angles were very small. The posterior
lobe of M? and the anterior lobe of M , are very large and
rounded in shape (Fig. 5 F). The first part of the
posterior lobe of M? looks like a separate lobe (Fig. 5 F,
a).
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