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Abstract

This study is based on 99 specimens of the genus Apodemus collected from Kirikkale, Kastamonu, Kirsehir, Ankara and Mersin
Provinces in Turkey, between 1992 and 2006. It was determined that, Apodemus sylvaticus, A. hermonensis and A. mystacinus,
were found in these provinces. Diagnostic characters, habitat, fur color, reproduction, feeding and karyological features of each
species are given in this study. To carry out karyological analysis and observe some feeding behaviors, nine specimens were kept
in captivity. Karyological data showed that the diploid chromosome number (2n) for Apodemus sylvaticus, A. hermonensis and A.
mystacinus was 48. Three statistical analyses, that are discriminant function analysis (DFA), principal component analysis (PCA)
and unweighted pair-group average (UPGMA), were applied between this three Apodemus species showed clear discrimination
between 4. mystacinus and the other two species, but A. sylvaticus have not been showed clear discrimination of the A. hermon-
ensis as morphometric in Anatolia. This study represents the first record of 4. sylvaticus from Central Anatolia and second record
from the Black Sea coast and the first report of 4. hermonensis, including descriptions of cranial,, dentition, some biological and

ecological features in Turkey.
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INTRODUCTION

In Turkey, the Order Rodentia is represented by 51 species,
including 5 genera and 11 species in the family Muridae [1,
2]. Six species in the genus Apodemus - Apodemus agrarius,
A. flavicollis, A. mystacinus, A. sylvaticus, A. uralensis, and A.
hermonensis - have been recorded from Turkey [1, 3-11].

Studies about on genus Apodemus using electrophoretic
analyses of allozyme have been increasing in East Europe since
1980s [7, 9, 12, 13]. According to some researchers, recently
studies on genus Apodemus in Turkey showed that A. sylvaticus
is virtually absent from Anatolia [7, 9, 14], while distribution of
A. hermonensis is wide, newly described by Filippucci, Simson
and Nevo [12] from Mt. Hermon in Israel.

Many studies relevant mammals distinguished sibling
species using discriminant function analysis of external and
cranial measurements [10, 15-17]. The purpose of this study
is to characterize distributional, bioecological and karyological
features and to determine distinguishability using some
statistical analysis of external and cranial measurements of the
species of Apodemus that occur in some provinces, Kirikkale,
Kastamonu, Kirsehir, Ankara and Mersin in Turkey.

MATERIALS and METHODS

Field work was carried out between September 2001
and January 2006 in some provinces, Kirikkale, Kastamonu,
Kirsehir, Ankara and Mersin in Turkey. Ninetynine specimens
of the genus Apodemus were caught using kill traps and live
traps. Four standard external measurements and body weights

were recorded. The animals were prepared as conventional
museum type according to Mursaloglu [18]. The samples were
deposited at the University of Kirikkale, Faculty of Sciences
and Arts, Department of Biology. Standard statistics including
mean, minimum, maximum and standard deviation are given
in Table 1.

The specimens were divided into three age groups - infant,
juvenile and adult - based on their degree of tooth wear and fur
color, as determined from field notes. Species identifications
were made according to original descriptions, [7, 12, 19-21].
Morphometric and karyological attributes of each species
were evaluated by comparing them to the relevant literature.
Definitions of fur color were made according to Ridgway
[22], bacula were characterized according to Lidicker [23] and
karyology was based on Patton [24].

For the statistical tests was used programme of SPSS for
Windows (Release 10.0.5-27 Nov 1999). The variables are:
Total length (TL), tail length (T), hind foot length (HF), ear (E),
weight (W), condylobasal length (Cbl), condylobasillar length
(Cbll), occipitonasal length (Ocn), diastema (Dia), nasal length
(Nasl), upper molar length (Uppm), bullae length (Bull), inter
orbital breadth (Int), palatal length (Plt), lower molar length
(Lml), mandible length (Mnl).

RESULTS

Three species of the genus Apodemus - Apodemus
sylvaticus, A. hermonensis and A. mystacinus - were found in
Kirikkale, Kastamonu, Kirsehir, Ankara and Mersin Provinces
in Turkey.
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Apodemus sylvaticus (Linnacus 1758)

Mus sylvaticus Linnaeus 1758. Syst. Nat. 1., 10th ed., p.
62.

Type locality: Upsala, Sweden

Apodemus sylvaticus Miller 1912. Ann. Mag. Nat. Hist.,
8th sr. VL. p. 460.

Diagnostic characters: long,
exceeding posteriorly the line connecting the anterior margins
of first upper molar (M!) alveoli in all of the specimens. There
is usually a triangle-shaped yellowish pectoral spot in 86% of
the specimens. From a ventral view, the passage of the posterior
palatal margin into the medial pterygoid plates is rounded or
near straight in 52% of the specimens (Figure 1).

Incisive foramina are

Figure 1. Skulls of three Apodemus species: A. sylvaticus (a),
A. hermonensis (b) and A. mystacinus (c) in ventral view (The
arrows indicate posterior palatal margin; each specimen number
is given just below the figure).

On M!, cusps t1 and t5 or cusps t3 and t5 are connected
by a ridge in 26 % of the specimens. The t12 cusp on M! is
small in about 96% of the specimen (Figure 2), total length is
177-210 mm, and upper molar length with alveoli is 3.6-4.4
mm (Table 1).

Bioecological features: 4. sylvaticus is found near woods,
brooks, and rivers, in rocky and steep thickets, rocky areas
amongst oak and pine forests, near lakes, dry lake beds, and
amongst oleaster, willow, poplar and reed beds. It is found at
altitudes from 710 to 1200 m.

The dorsal color of juvenile males and females is slightly
yellowish grey and the ventral color is slightly grayish white.

Dorsal color of adult males and females varies from
brownish-yellowish grey to light brownish grey. Ventral color
varies from very slightly yellowish to gray-white. The dorsal
color of the tail is brownish yellow-grey and the ventral color
is yellowish white.

A pregnant female containing 5 embryos was collected
in July. There are black spots at posterior end of the scrotum
of adult male A. sylvaticus. Karyological analysis of three

specimens revealed that the diploid chromosome number
(2n) is 48, the fundamental number (FN) is 50 and number of
autosome arms (FNa) is 46. All of the 23 pairs of autosomes are
acrocentric, but occur in a range of sizes. The X chromosome
is a large acrocentric and the Y chromosome is a medium-sized
acrocentric.

Figure 2. Maxillary tooth rows of Apodemus species: A. sylvaticus (a),
A. hermonensis (b) and A. mystacinus (c) (Each specimen number is
given just below the figure).
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Figure 3. Ventral views of bacula of Apodemus sylvaticus (a), A. her-
monensis (b) and A. mystacinus (c) (Each specimen number is given
just below the figure).

Apodemus hermonensis Filippucci, Storch and Nevo 1989
Apodemus hermonensis Filippucci et al. 1989. Boll. Zool.,
56:361-376

Type locality: Mount Hermon (Israel).

Diagnostic characters: Posterior margins of incisive fo-
ramina lie mainly anterior margins of first upper molar (M")
alveoli in all of the specimen. There is usually a triangle-shaped
yellowish pectoral spot in 86% of the specimens. The posterior
margin of the palatine has a medial protrusion (Figure 1) in
70% of the specimens. On M!, cusps t1 and t5 or cusps t3 and t5
are connected by a bridge in 84 % of the specimens. On second
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upper molar (M?), the large and crescent-shaped t1 cusp has
a posterior or anterior connection with the t5 cusp (Figure 2).
Total length is 162-220 mm, condylobasal length is 23.1-24.5
mm, the upper molar length with alveoli is 3.8-4.4 mm (Table
1), and baculum length is 2.2-3.2 mm (Figure 3). There is a
cartilaginous process that is 0.7-1.0 mm lone that is attached to

Kirsehir, Kaman, 3 (3 &, 16 Sep 2004) (Figure 4).

Bioecological features: The habitat features are same as
those of the previous species. Apodemus hermonensis appears
to live sympatrically with 4. sylvaticus in this study area.

Table 1. Standard statistics for 17 morphological measurements (in mm) of Apodemus sylvaticus, A. hermonensis and A. mystacinus. Statistics

given are mean (m), minimum (min), maximum (max) and standard deviation (+sd).

A. sylvaticus

A. hermonensis

A. mystacinus

Variables

n min max +sd n m Min max +sd n M min max +sd
TL 8 190.13 177.00 210.00 11.640 58 192.03 145.00 230.00 1537 18  214.61 170.00  252.00  22.060
T 8 97.62 81.00 111.00 8805 58 97.78 65.00 110.00 8.946 18 111.22 83.00 130.00  13.270
HF 8 2267 2200 24.00 0.690 58 22.29 12.00 25.00 1.921 18 23.98 21.00 29.00 2.285
E 8 15.66 14.00 18.00 1418 58 15.50 10.00  22.00 2.062 18 18.34 15.00 27.00 2.695
W 8 2299 18.00 2600 2.862 58 23.62 11.50  32.00 4447 18 33.82 14.00 45.00 8.066
Cbl 8 2369 2210 2430 0918 58 2380 2060 2544 0970 18 26.22 24.30 29.32 1.642
Cbll 8 2300 2150 23.59 0.867 58 23.01 20.00 2470 0957 18 25.50 23.59 28.14 1.560
Ocn 8 2598 2350  26.70 1.172 58 2610 2280 27.76 1.055 18 28.95 26.50 32.40 1.926
Dia 8 631 5.80 6.90 0313 58 6.52 5.60 748 0375 18 7.40 6.10 8.26 0.576
Nasl 8 9.34 8.60 10.70  0.636 58 9.27 7.50 10.60 0.582 18 11.16 9.00 12.50 0.890
Uppm 8 378 3.60 4.40 0271 58 3.72 3.40 450 0.185 18 4.54 3.80 4.98 0.366
Bull 8 456 4.20 4.80 0.187 58 4.50 3.90 5.16 0255 18 5.15 4.65 5.90 0.398
Int 8 429 4.10 4.50 0.135 58 423 3.74 496 0.182 18 4.66 4.30 5.00 0.198
Plt 8 11.85 11.10 13.30 0.713 58 11.79 10.07 1292 0619 18 13.98 12.26 15.14 0.817
Lml 8 413 3.50 4.60 0373 58 3.93 3.22 490 0272 18 4.90 4.00 5.20 0.292
Mnl 8 1326 12.20 14.30 0.803 58 13.23 11.10 1540 0.753 18 15.50 13.90 16.92 1.006

Baculum length is 2.0-3.4 mm (Figure 3) and there is a cartilaginous process 0.8 —1.1 mm in length that is attached to distal end

of the baculum.

Specimens examined (8) and localities: Kastamonu; Taskoprii, Kégekli village 1 (1 &, 5 july 1992); Kirikkale; Bahsili, Cesme, 2
(13,1 9,18 July 2003); Delice, Kaleonii, Tatlicak village, 1 (1 @, 10 June 2003); Kirikkale Province, Hasandede, 2 (1 @, 1 &,
25 Nov 2002); Sulakyurt, Kayalidere, 1 (1 9, 16 Sep 2001); Yahsihan, Kirikkale University campus, 1 (1 &, 15 Nov 2002) (Figure

4),

Figure 4. Map of Turkey showing the collection localities of Apodemus sylvaticus (m, ), A. hermonensis (®, o) and A. mystacinus (A, A). (Solid

symbols : Previous records, open symbols: our records).

Specimens examined (64) and localities: Ankara, Akyurt,
1 (1 &, 10 June 2004); Kastamonu, Taskoprii, Kocekli village,
52 33,29 June 1992, 13,19, 3 July 1992, 12, 5 July 1992);
Tosya, Kisla, 1 (19, 8 July 1992), Hasanorgi, Ortayol mevkii, 4
233,19,9July 1992, 1, 10 July 1992); Arag, Soganh Cay1
Mevkii, 6 (1 3, 1 9, 13 July 1992,2 33,2 99, 14 July 1992);
Doday, Gog village, 4 (2 3, 21 July 1992,2 3 &, 23 July 1992);
Azdavay, 3 (1 3,25 July 1992, 1 &, 26 July 1992, 1 &, 27 July
1992), Cide, 1 (1 &, 30 July 1992); Kirikkale Bahsili, Cesme,
4 (1 &, 8 July 2003); Baliseyh, Kulaksiz, Gélpnari, 3 (2 92,
1 &, 14 July 2003); Celebi, 1 (1 &, 20 July 2003); Karakegeli,
Sulubiik village, Tebres, 3 (1 &, 4 June 2003; 2 99, 5 June
2003), Sazlik, 3 (1 9,2 33, 5 June 2003); Keskin, Dagsolaklist
village, Yediler, 1 (1 &, 30 July 2002), Kirikkale Province,
Hasandede, Eskimez, 1 (1 &, 15 July 2001), Hasandede, near

The dorsal color of adult males and females varies from
brownish yellow-grey to light brownish grey and the ventral
color is very slightly yellow-grayish white. The dorsal color of
the tail is brownish yellowish grey and the ventral color of the
tail is yellowish white. A pregnant female containing six em-
bryos was collected in April and three pregnant females con-
taining 8, 5 and 4 embryos were collected in June. There are
black spots at the posterior end of the scrotum of adult male 4.
hermonensis.

An adult female captured on 5 June was kept in captivity
and, after four days, it gave birth to five blind and naked young.
After one day, we noticed that one of the young had been eaten
by its mother. The remainder of the litter weighed 1.398 g, 1.554
g, 1.368 g and 1.208 g. During the next few days we observed
that the pups were covered with fleas and, therefore, the mother
and young were transferred to another cage. After three days,
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two additional pups had been eaten by their mother and the
remainders were found dead. The karyology of 4. hermonensis
is identical to that of A. sylvaticus (Figure 5).

o

Figure 5. Metaphase spread (above) and karyogram (below) of
the Turkish 4. hermonensis

Apodemus mystacinus (Danford and Alston 1877)

Mus sylvaticus Danford and Alston 1877. Proc. Zool. Soc.
p- 279.

Type locality: Zebil, Bolkar Mountain, Mersin.

Apodemus mystacinus Allen 1915. Bull. Mus. Comp. Zool.
Harvard, 59:10.

Diagnostic characters: There is no pectoral spot and the
posterior margin of the palatine is nearly straight (Figure 1).
Cusp t12 is distinct on both first and second upper molar (M1
and M?) (Figure 2). Total length is 170-240 mm, condylobasal
length is 25.4-27.8 mm, and upper molar length with alveoli is
4.2-5.4 mm (Table 1). The baculum length is 4.2-5.3 mm and
there is a cartilaginous process measuring 1.1-1.4 mm that is
attached to distal end of the bone (Figure 3).

Specimens examined (27) and localities: Kastamonu,
Abana, Manavra Deresi, 1 (9, 28 July 1992); Tosya, Ortalica
Beldesi, Ortabogaz, 1 (9, 16 Jun 1993); Kirikkale, Sulakyurt,
Kayalidere, 14 2 99, 2 84, 16 September 2001, 3 33, 12
July 2002,2 99, 22 May 2003,2 99, 1 3, 11 July 2003, 1 &,
14 Jul 2003, 1 &, 16 July 2003); Mersin, Silifke, Akkum, 2 (1
&,1 9,17 Jan 2006) (Figure 4).

Bioecological features: A. mystacinus was found in rocky
places in evergreen oak woodlands and in areas characterized
by grasses and bushes at an altitude of 850 m.

The dorsal color of juvenile males and females is a slightly
yellowish, smoky pale grey and the ventral color is slightly yel-
lowishwhite. The dorsal color of the tail is yellowish grey and
the ventral color is light yellowish. The dorsal color and the
ventral color is relatively dirty white with a slightly yellow-
ish shade. A pregnant female containing four embryos was col-
lected in May. There are pinkish spots at the posterior end of
the scrotum of adult male 4. mystacinus.

An adult male with a tick (/xodes sp.) on its ear and with
ten worms (A4scaris sp.) in its stomach and intestines was col-
lected in July.

Karyological analysis of 4. mystacinus revealed that the
diploid chromosome number (2n) is 48, the fundamental nu

ber (FN) is 54 and the number of autosomal arms (FNa) is 50.
Twenty-one of the autosome pairs are acrocentrics of differ-
ent sizes, two pairs are small metacentrics and the sex chromo-
somes are small acrocentrics (Figure 6).
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Figure 6. Metaphase spread (above) and karyogram (below) of
the Turkish 4. mystacinus

Morphometric Analysis: Three statistical analysis, that
are discriminant function analysis (DFA), principal component
analysis (PCA) and unweighted pair-group average (UPGMA)
were used to showed differentiation between this three Apode-
mus species A. mystacinus, A. sylvaticus and A. hermonensis.

Discriminant functions analysis based on 11 cranial and 6
external measurements. A scatter plot of function 1 and func-
tion 2 showed clear discrimination between A. mystacinus and
the other two species A. sylvaticus, A. hermonensis. but A. syl-
vaticus have not been showed clear discrimination of the A.
hermonensis (Figure 7).
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Figure 7. Scatter plot of Canonical DFA based on measurements
of Apodemus sylvaticus (SYL), A. hermonensis (HER) and 4. mystaci-
nus (MYS).

Principal component analysis (PCA), the first three prin-
cipal components explain 77.099 % of variation. The first fac-
tor (PC 1) accounted for 62.919 % of the overall variance, the
second factor (PC 2) accounted for 8.214 %, whereas the third
factor (PC 3) accounted for only 5.966 % (Figure 8). A plots
showing the relationships between these first three components
(Figure 8) clustered the 99 specimens in he three Apodemus
species. According to PCA analysis, 4. mystacinus was clearly
separated from other Apodemus species, but A. sylvaticus was
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the Kizilirmak, 4 3 29, 1 & 25 Nov 2002); Sulakyurt,
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Figure 8. Scatter plots of PCA based on morphological relationship
between Apodemus sylvaticus (SYL), 4. hermonensis (HER) and A.
mystacinus (MYS).

Unweighted Pair-Group Average (UPGMA) tree diagram
(Figure 9) and Euclidean distance matrix (Table 2) based on 17
cranial and external measurements of three Apodemus species
A. sylvaticus, A. hermonensis and A. mystacinus. According to
UPGMA test diagram Apodemus mystacinus clearly separate
from the other two species and 4. sylvaticus fairly close with
A. hermonensis.

SYL

HER

MYS

0 20 40 60 80 100 120

(Dlink/Dmax)*100

Figure 9. Tree diagram of UPGMA for three Apodemus species, Apo-
demus sylvaticus (SYL), A. hermonensis (HER) and A. mystacinus
(MYS).
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DISCUSSION

Filippucci et al. [12] reported the existence of a new Apo-
demus species, A. hermonensis, which is regarded as a syn-
onymof A. sylvaticus from Israel. According to Filippucci et
al. [7], Macholan et al. [9], revealed that the distribution of A.
sylvaticus seemed to be limited to a small area in northwestern
Asia Minor along the southern coast of the Black Sea (Figure
4). In our study, A. sylvaticus was recorded for the first time in
central Anatolia.

Krystufek [21] reported that A. sylvaticus creticus Miller,
1910 is certainly 4. sylvaticus, which is evident from features of
incisive foramina, palato-pterygoid region and dentition. In our
study, we found for the first time eight 4. sylvaticus specimens,
according to these features (Figure 1, 2) in Central Anatolia.

Our karyological data for A. sylvaticus were compared
with those obtained from Yugoslavia [25, 26], Germany [27]
and Turkey, according to Dogramaci and Kefelioglu [28]
(Table 3). Our specimens are consistent with data from Yugo-
slavia, Germany and previous studies in Turkey. Dogramaci
and Kefelioglu [28] determined that the Y chromosome of the
Mersin specimen was an acrocentric and the Y chromosome
of the Amasya specimens was smaller than those of four A.
sylvaticus specimens obtained from Amasya and Mersin. Filip-
pucci et al. [12] defined A. hermonensis based on a holotype
and three paratypes using the following diagnostic characters:
“hindfoot length less than 21.5 mm, lower molar length at the
alveoli less than 3.85 mm, zygomatic breadth less than 13.06
mm, condylobasal length less than 23.50 mm, tail usually lon-
ger than the head and body, dorsal pelage light brown and ven-
tral pelage snow-white with a sharp dorsal/ventral boundary,
tubercule t9 on second upper molar M? present, and t4 and t7
generally separated on the first upper molar”. Filippucci et al.
[7], which consider the subgenus Sy/lvaemus as a separate ge-
nus, gave some diagnostic characters for Sylvaemus hermon-
ensis as the following: “cusps t1 and t5 or t3 and t5 connected
by aridge, palatal margin with a characteristic posterior medial
protrusion and t1 large and crescent-shaped with, in most cases,
an anterior and posterior connection with t5”. Based on inter-
nal and external features, our specimens are consistent with the
original definition of A. hermonensis. We found no difference
among morphological data from 52 specimens obtained from
Bolu, Bursa, Kiitahya, izmir, Isparta, and Antalya by Filippucci
et al. [7] (Figure 4). After the description A. hermonensis in
Israel by Filippucci et al. [12], 4. hermonensis was recorded

Table 2. Euclidean Distances between three Apodemus species, A. sylvaticus, A. hermonensis and A. mystacinus

1. A. sylvaticus

2. A. hermonensis

3. A. mystacinus

1. A. sylvaticus 0.000 2.449 32.678
2. A. hermonensis 2.449 0.000 30.591
3. A. mystacinus 32.678 30.591 0.000

Table 3. Compared karyotipic characteristics of A. sylvaticus and A. mystacinus from Yugoslavia, Greece, Germany and Turkey.

A. sylvaticus A. mystacinus

Countries 2n FNN FaA M X Y 2nF N NFa A M X Y
Yugoslavia (Saldotovig et al. 1969, 1975) 48 48 -4 6 - A A 485 2 - 42 4 A A
Greece (Niethammer 1974) 485 2- 4 2 4 A A
Germany (Engel et al. 1973) 48 48 -4 6 - A A

Yugoslavia (Zima and Kral, 1984) 48 48 -4 6 - A A

Turkey (Dogramact and Kefelioglu 1991) 48 48 -4 6 - A A 48 525 0 42 4 A A
Turkey (Our study) 48 48 46 46 - A A 48 525 0 42 4 A A
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from eastern, western and southern Anatolia [7, 9, 21]. 4Apo-
demus mystacinus was recorded from Turkey by Danford and
Alston [3], Dogramaci [29], and Musser et al. [30] (Figure 4).
Danford and Alston [3] defined Mus mystacinus from Mersin
(Turkey) and gave the diagnostic characters as the following:
“tail length almost as long as the head and body length, dor-
sal gray pelage mixes with black at the upper fur, flank a light
russety color, ventral pelage a light white with a sharp dorsal
and ventral boundary sharp, tail clearly bicolored with a dark
brownish black dorsal surface and white ventral surface”. Our
specimens are very similar to this description.

Our karyological data from 4. mystacinus were compared
with those obtained from Greece [31], Yugoslavia [25, 32] and
Turkey by Dogramaci and Kefelioglu [28] (Table 3). These
comparisons indicate that our data and the data from Yugosla-
via, Greece and Turkey (Mersin, Izmir and Trabzon) are very
similar.

A discriminant function analysis seems suitable technique
to evidence these interspecific differences and to use practical
purpose [16] and Bar¢iova and Macholan [17] seperated the 4.
sylvaticus and A. flavicollis using conanical discriminant func-
tion.

In our study, two discriminant functions separated A. mys-
tacinus from the other two species A. sylvaticus, A. hermonen-
sis. but A. sylvaticus have not been showed clear discrimination
of the A. hermonensis (Figure 7). It may be caused by limited
number of specimens of A. sylvaticus which species is founded
for the first time from central Anatolia.

ACKNOWLEDGEMENTS

This work was supported by the Scientific Research Proj-
ects Unit of Kirikkale University (Project No: 01/03-04-17).
We are grateful to Dr. Eileen A. Lacey (University of Califor-
nia, Berkeley) for his valuable help in improving the language
of the manuscript.

REFERENCES

[1] Kurtonur C, Ozkan B, Albayrak I, Kivang E, Kefelioglu H.
1996. Memeliler (Mammalia) in Tiirkiye Omurgalilar Tiir
Listesi. DPT/TBAG-Cev. Sek., Nurol Matb., Ankara.

[2] Krystufek B, Vohralik V. 2001. Mammals of Turkey and
Cyprus. Introduction, Checklist, Insectivora. Knjiznica
Annales Majora.

[3] Danford CG, Alston ER. 1877. On the Mammals of Asia
Minor. Proc. Zool. Soc., London. 270-281.

[4] Ellerman JR, Morrison-Scott TCS. 1951. Checklist of Pal-
learctic and Indian Mammals 1758-1946. Brit. Mus. (Nat.
Hist.), London, 1-810.

[5] Osborn DJ. 1964. The hare, porcupine, beaver, squirrels,
jerboas and dormice of Turkey. Mammalia, 28: 573-592.

[6] Nowak RM, Paradiso JL. 1983. Walker’s Mammals of the
World. edition. The Johns Hopkins University Press., Lon-
don,

[7] Filippucci MG, Storch G, Macholan M. 1996. Taxonomy of
the genus Sylvaemus in western Anatolia-morphological
and electrophoretic evidence (Mammalia: Rodentia: Mu-
ridae). Senckenbergiana Biologica. 75: 1-14.

[8] Mitchell-Jones AJ, Amori G, Bogdanowicz W, Krystufek B,
Reijnders PJH, Spitzenberger F, Stubbe M, Thissen JBM,
Vohralik V, Zima J. 1999: The atlas of European mam-

mals. Academic Press., London.

[9] Macholan M, Filippucci MG, Benda P, Frynta D, Slidlovli
J. 2001. Allozyme variation and systematics of the genus
Apodemus (Muridae, Rodentia) in Asia Minor and Iran.
Journal of Mammalogy. 82(3): 799-813.

[10] Frynta D, Mikulova P, Suchomelova E, Sadlova J. 2001.
Discriminant analysis of morphometric characters in four
species of Apodemus (Muridae: Rodentia) from eastern
Turkey and Iran. Israel Journal of Zoology 47: 243-258.

[11] Vohralik V, Frynta D, Mikulova P, Benda P, Nova P. 2002.
Multivariate Morphometric of Apodemus mystacinus in
the Near East and Its Divergence from European A. m.
epimelas (Mammalia: Rodentia). Israel Journal of Zool-
ogy, 48: 135-148.

[12] Filippucci MG, Simson S, Nevo E. 1989. Evolutionary bi
ology of the genus Apodemus Kaup, 1829 in Israel. Al-
lozymic and biometric analyses with description of a new
species: Apodemus hermonensis (Rodentia, Muridae).
Bollettino di Zoologia. 56: 361-376.

[13] Filippucci MG. 1992. Allozyme variation and divergence
among European, Middle Eastern and North African spe-
cies of the genus Apodemus (Rodentia, Muridae). Israel J
Zool, 38, 193-218.

[14] Krystufek B, Francky M. 2005. Mt. Hermon field mouse
Apodemus iconicus is a member of the European mammal
fauna. Folia zoologica. 54 (1-2): 69-74.

[15] Van der Straeten E, Van der Stracten-Harrie B. 1977. Etude
dela biometrie cranienne et de la re par ti tion d’Apodemus
sylvaticus (Linnaeus, 1758) et d’Apodemus flavicollis
(Melchior, 1834) en Belgique. Acta Zoologica Pathologica
Antverpiensia 69: 169-182.

[16] Reutter BA, Hausser J, Vogel P. 1999. Discriminant analy-
sis of skull morphometric characters in Apodemus sylvati-
cus, A. flavicollis, and A. alpicola (Mammalia; Rodentia)
from the Alps. Acta Theriologica 44 (3): 299.308.

[17] Barciova L, Macholan M. 2006. Morphometric study of
two species of wood mice Apodemus sylvaticus and A.
flavicollis (Rodentia:Muridae): traditional and geometric
morphometric approach. Acta Theriologica. 51 (1): 15-
27.

[18] Mursaloglu B. 1965. Bilimsel Arastirmalar i¢in Omurgali
Numunelerinin Toplanmasi ve Hazirlanmasi. Ankara Uni-
versitesi Fen Fakiiltesi Yayinlari, Ankara.

[19] Miller GS. 1912. Catoloque of the Mammals of Western
Europe. (Europe exclusive of Russia) in the collection of
the Museum. Brit. Mus. Nat. Hist. London.

[20] Harrison DL, Bates PJJ. 1991. The Mammals of Arabia.
Second Edition. Sevenoaks: Harrison Zoological Mu-
seum.

[21] Krystufek B. 2002. Identity of four Apodemus (Sylvae-
mus) types from the eastern Mediterranean and the Middle
East. Mammalia. 66(1): 43-51.

[22] Ridgway RA. 1886. Nomenclature of colors for naturalists
and compendium of useful knowledge for ornithologists.
Boston.

[23] Lidicker WZ. 1968. A Phylogeny of New Guinea Rodent
Genera Based on Phallic Morphology. Journal of Mam-
malogy. 49(4):609-643.

[24] Patton JL. 1967. Chromosome studies of certain Pocket
mice. Genus Perognathus (Rodentia: Heteromyidae).
Journal of Mammalogy, 48 (1):27-37.

[25] Soldatovi¢ B, Savic I, Seth P, Reichstein J, Tolksdore M.
1975. Comparative karyological study of the genus Apode-
mus (Kaup, 1829). Acta Veterinaria. (Beograd). 25. 1-10.



T. Yorulmaz and I. Albayrak /IJNES, 3 (1):35-41, 2009

[26] Zima J, Kral B. 1984. Karyotypes of European Mammals
II. Acta Sc. Nat. Brno, 18 (8): 1-62.

[27] Engel W, Vogel W, Voiculescu I, Ropers HH, Zenzes MT,
Bender K. 1973. Cytogenetic and biochemical differences
between Apodemus sylvaticus and Apodemus flavicollis,
possibly responsible for the failure to interbreed. Comp
Biochem Physiol B. 1973 Apr 15;44(4):1165-73.

[28] Dogramaci S, Kefelioglu H. 1991. Anadolu Apodemus
(Mammalia: Rodentia) Tiirlerinin Karyolojik Ozellikleri.
Doga Tr. J. of Zoology. 15:46-52.

[29] Dogramacit S. 1974. Tirkiye Apodemus (Mammalia:
Rodentia)’larmin Taksonomik Durumlari. Gida Tarim ve
Hayvancilik Bakanligi, Aragtirma Eserleri Serisi, Ankara.
1-56.

[30] Musser GG, Brothers EM, Carleton MD, Hutterer R.
1996.

[31] Taxonomy and distributional records of Oriental and Eu-
ropean Apodemus, with a review of the Apodemus-Sylvae-
mus problem. Bonn. Zool. Beitr., 46:143-190.

[32] Niethammer J. 1974. Zur Verbeitung und Taxonomie
griechscher Saiigetiere. Bonn. Zool. Beitr., 25:28-55.

[33] Soldatovi¢ B, Dulic B, Savic I, Rimsa D. 1969. Chromo-
somes of two species of the genus Apodemus (A. agrarius
and A. mystacinus, Mammalia, Rodentia) from Yugosla-
via. Arch. Biol. Nauka. (Beograd). 21: 27-32.

41



