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ABSTRACT

It is known that species belonging to the subgenus Mus have common morphological characters and
therefore their morphological differentiation is difficult. In this context, it was aimed to examine some
skull characters as well as ZI, H+B/T values used as diagnostic criteria and the ventral edge of the
parietal bone. While ZI values were found to vary between 0.24 and 0.52 in Mus domesticus, it was
observed to vary between 0.49-1.33 in M. macedonicus. The H+B/T values were found to be between
0.74-1.1 in M. domesticus and between 0.81-1.77 in M. macedonicus. On the dorsal surface of the skull,
it was observed that the frontal suture variations tended to be round shaped and the parietal suture
variations tended to be v shaped. When the notch status of the upper incisors was examined, it was
determined that the ratio of having non-notched and single-notched teeth was close to each other in both
species. When the ventral edge of the parietal bone was examined, it was observed that while wavy and
straight edges were found in close proportions in M. domesticus, straight edges were predominant in M.
macedonicus. When the populations were evaluated according to geographical regions, no significant
differences were observed between regions.
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Arastirma makalesi

Tiirkiye’de yayihis gosteren Mus domesticus Linnaeus 1758 ve Mus
macedonicus Petrov & Ruzic 1983 (Mammalia: Rodentia)’nin baz1 kafatasi

ozelliklerinin incelenmesi

(074

Mus altcinsine ait tiirlerin ortak morfolojik karakterler tasidiklar1 ve bu nedenle morfolojik olarak
ayrimlarinin zor oldugu bilinmektedir. Bu kapsamda teshis kriteri olarak kullanilan ZI, H+B/T degerleri
ve parietal kemigin ventral durumunun yaninda, bazi kafatasi karakterlerinin incelenmesi amaglandi. ZI
degerlerinin Mus domesticus’ta 0,24-0,52 arasinda degiskenlik gosterdigi tespit edilirken, Mus
macedonicus’ta 0,49-1,33 arasinda degistigi gézlendi. H+B/T degerleri ise M. domesticus’ta 0,74-1,1
arasinda, M. macedonicus’ta 0,81-1,77 arasinda bulundu. Kafatasinin dorsal yiizeyinde frontal sutur
varyasyonlarimin yuvarlak sekilli, parietal sutur varyasyonlarinin v seklinde olma egiliminde oldugu
goriildii. Ust kesici dislerin ¢entik durumu incelendiginde ise her iki tiirde de centiksiz ve tek gentikli
dislere sahip olma oranimin birbirine yakin oldugu tespit edildi. Parietal kemigin ventral kenarmnin
durumuna bakildiginda M. domesticus’ta dalgali ve diiz kenarlar birbirine yakin oranlarda bulunurken,
M. macedonicus’ta diiz kenarlarin agirlikli oldugu goriildii. Popiilasyonlar cografi bolgelere goére
degerlendirildiginde ise bolgeler arasi belirgin farklar gozlenmedi.

Anahtar Kelimeler: Ev faresi, sar1 evfaresi, morfolojik varyasyon
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Introduction

Turkey is a country rich in plant and animal diversity, and this species richness is caused by its
continental location, different climate types it contains, and natural or man-made barriers that
will cut off gene flow between populations. Turkey has many mammal species among which
rodents are the predominant group in terms of species diversity. Rodents live in many different
environments such as houses, fields, trees, and forests. One of the most interesting of these is
the Mus (Linnaeus 1758) species that live in close contact with humans.

The evolutionary process of the genus Mus is complex, and many studies continue to be carried
out to solve the problems of this genus. In parallel with the solution of taxonomic problems at
the species and subgenus level, studies on the systematics and phylogenetic relationships among
species of the genus have been carried out (e.g., Auffray et al. 1990; Berry and Scriven 2005;
Guenet and Bonhomme 2003; Kishimoto et al. 2021; Krystufek and Macholan 1998). The
genus includes 38 species distributed worldwide (Novak and Paradiso 1983; Wilson and Reeder
2005). However, the existence of many species defined in the genus Mus has brought along
new taxonomic evaluations at the subgenus level.

Considering the large number of taxa defined recently at species and subspecies level, it is
understood that the taxonomy of the genus Mus is not fully formed (Auffray and Britton-
Davidian 2012) and detailed morphological studies are not sufficient for this genus, including
geographical variations. In addition, investigating the morphological differentiation of Mus
domesticus living together with humans and M. macedonicus living outside of human
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settlements in different geographical areas is important in terms of evolutionary biology and
systematic studies. In addition, although western Turkey is a region affected by human-induced
habitat degradation, many geographical barriers such as straits, rivers, mountain ranges, and
islands affect the populations living in this region (Helvaci et al. 2012). With all this
background, this study aimed to investigate whether the diagnostic criteria of species of the
genus Mus distributed in Turkey and whether some morphological characters in the skull differ
according to geographical regions.

Material and Methods

In this study, some cranial morphology features of 562 Mus samples in the Ankara University
Mammal Research Collection (AUMAC) were examined. Samples from a total of 40 localities
(Figure 1) by looking at the ZI value (the ratio of the width of the malar ridge to the width of
the antero-lateral part of the zygomatic arch) (Figure 2), the H+B/T value (the ratio of head-
body length to tail length), and the ventral edge of the parietal bones (Figure 3) were diagnosed.
In addition, 123 skull specimens were evaluated for frontal suture variations on the dorsal
surface of the skull, 116 for parietal suture variations, 108 for upper incisor variations, and 107
for ventral edge variations of the parietal bone in M. domesticus. In M. macedonicus, 363 skull
samples were analyzed for frontal suture variations on the dorsal surface of the skull, 364 for
parietal suture variations, 323 for upper incisor variations, and 276 for ventral edge variations
of the parietal bone. The number of samples examined differed according to whether the skull
was damaged or not.

Figure 1. Localities of the examined samples

Results and Discussion

Mus domesticus and M. macedonicus species were identified by examining a total of 562 Mus
specimens from 40 localities in western Turkey. In diagnosis, 154 specimens from M.
domesticus and 408 specimens from M. macedonicus were examined. While ZI values were
found to vary between 0.24 and 0.52 in M. domesticus, it was observed to vary between 0.49-
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1.33 in M. macedonicus. The H+B/T values were found to be between 0.74-1.1 in M.
domesticus and between 0.81-1.77 in M. macedonicus (Table 1).

Table 1. ZI index and H+B/T index values used in the diagnosis of Mus domesticus and Mus
macedonicus

M. domesticus M. macedonicus

Z1 Mean 0,42 0,75
Minimum 0,24 0,49
Maximum 0,52 1,33

H+B/T Mean 0,95 1,21
Minimum 0,74 0,81
Maximum 1,1 1,77

Frontal Suture

Among 123 M. domesticus specimens, frontal suture variations were examined on the dorsal
surface of the skull, 18% were angular, 68% were round-shaped, and 14% were "v" shaped
(Figure 4). While it was determined that the samples belonging to the Mediterranean Region
population had all three variations, 71% of the Aegean Region population was determined to
have the rounded frontal suture variation. It was observed that 65% of the Central Anatolian
Region population had rounded frontal sutures. While all three variation types were detected in
Ankara samples specific to this geographical region, it was striking that Eskisehir samples had
only angular frontal suture variation, while Kayseri samples had only round shaped frontal
suture variation. When the Black Sea Region population was examined, 85% of them were
found to have round-shaped frontal sutures. Within the scope of this geographical region, it was
observed that the Bolu and Diizce samples had angular and rounded variations, while the
Zonguldak samples had round-shaped and "v" shaped variations. It was found that 61% of the
Marmara Region population had rounded frontal sutures. When the island populations were
examined, it was determined that the Marmara Island population had all three variations, while
the Bozcaada population showed a round and "v" shaped frontal suture variation (Table 2).
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Table 2. Distribution of cranial and tooth characters according to localities in Mus domesticus
(a: Mediterranean Region, b: Aegean Region, c: Central Anatolia Region, d: Black Sea Region,

e: Marmara Region)

Frontal Suture Parietal Upper Incisor Ventral Edge of
Locality Suture Parietal Bone
angle rounded V straight V  straight 1notch 2 notches zigzag straight
Adana? 1 - - 1 - - 1 - 1 -
Mersin? - - 1 1 - - 1 - 1 -
Hatay? - 2 - - 1 - - 1 1 -
AfyonP 1 2 - - 3 - 2 - 2 -
Manisa® - - 1 - 1 1 - - 1 -
izmir® - 1 - - 1 - - 1 - 1
Mugla® - 1 - 1 - 1 - - - 1
Usak® - 1 - - 1 1 - - - 1
Ankara® 8 29 4 3 38 22 19 - 26 15
Eskisehir® 4 - - - 4 - 3 1 - 3
Kayseri¢ - 2 - - 2 - - 1 1 2
Bartin® 2 8 - 2 7 1 6 - 5 5
Bolu¢ 1 2 - 2 2 2 2 - 1 2
Diizce® - 7 - - 7 5 - - 1 4
Ordu® - 2 - 2 - - 1 1 1 1
Samsun¢ - 2 - - 2 - 2 - 2 -
Zonguldak® - 3 1 - 4 1 - 1 - 3
Kirklareli® 1 3 - - 1 1 - - - 3
Edirne® 1 2 4 2 4 3 2 1 3 2
istanbul® 1 2 1 2 3 3 2 - 4 1
varmare 1 5 3 - 8 6 3 . . 9
Bozcaada® - 11 3 - 15 - 11 3 2 7
Canakkale® - 1 - - 1 - 1 - - 1
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Of the 363 M. macedonicus specimens whose frontal suture variations were examined, 94%
were found to be round-shaped and 6% were found to be "v" shaped (Figure 5). “V” shaped
frontal suture was found only in Hatay locality in the Mediterranean Region population, and
only in Usak in the Aegean Region population. Almost all the specimens from the Central
Anatolian Region had a round-shaped frontal suture, while in the Black Sea Region population,
all specimens except Bartin locality, and in the Marmara Region population, all specimens
except Edirne and Istanbul localities had round-shaped frontal sutures (Table 3).

Table 3. Distribution of cranial and tooth characters according to localities in Mus macedonicus
(a: Mediterranean Region, b: Aegean Region, c: Central Anatolia Region, d: Black Sea Region,
e: Marmara Region)

Frontal Parietal Suture Upper Incisor Ventral Edge of
Suture Parietal Bone
Locality
rounded V straight \ straight 1 notch 2 notches zigzag straight

Adana? 1 - 4 2 6 1 - - 7
Antalya® 1 - - 2 1 - - - 3
Burdur? 4 - 2 2 2 2 - - 4
Isparta? 1 - 1 - - 1 - - 1
Hatay® 4 12 3 12 11 3 - - 11
Mersin? 5 - 2 2 1 - 2 - 3
Afyon® 4 - - 3 1 - 1 - 2
izmir® 6 - - 6 2 3 2 - 7
Mugla® 6 - - 6 5 - - - 6
Usak® - 1 - 1 1 - - - 1
Manisa® 11 - - 12 2 8 - - 8
Denizli® 16 - 5 13 1 9 - - 13
Kiitahya® 1 - - 1 1 - - - -
Ankara® 28 2 - 25 19 7 1 6 19
Kayseri¢ 7 - - 7 5 1 - - 5
Corum® 29 - 6 22 2 18 9 - 24
Kirsehir® 2 - - 4 4 - - - 4
Konya® 17 - 1 16 7 9 1 - 15
Amasya® 3 - - 2 - 2 - - 2
Bartin® - 1 - 1 - 1 - - -
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Bolu® 10 - - 10 5 2 1 1 4

Diizce? 7 - 2 4 4 2 - - 4
Ordu 9 - 1 8 1 3 4 - 8
Samsun? 18 - 5 13 2 13 - 1 14
Tokat® 9 - - 10 - 8 - - 7
Adapazari® 2 - - 1 - 1 - - 1
Kirklareli® 38 - 3 36 23 8 3 - 25
Edirne® 11 6 2 15 10 2 3 3 11
Tekirdag® 1 - - 1 1 - - - 1
\armara 4 - 3 1 2 - 2 - 3
Bozcaada® 4 - - 1 - 1 - - 1
Gokgeada® 20 - - 19 13 4 - - 20
Balikesir® 11 - 2 9 7 3 - - 9
Bilecik® 12 - - 12 3 7 1 - 10
Bursa® 10 - 5 17 3 12 - - 16
istanbul® - 1 - 1 1 - - - 1
Canakkale® 13 - 2 14 9 4 1 - 16
Kocaeli® 6 - 1 8 4 - - - 3

Parietal Suture

Parietal suture variations on the dorsal surface of the skulls were examined, and 13% of 116 M.
domesticus specimens were found to be straight and 87% to be "v" shaped (Figure 6). It was
determined that Adana and Mersin samples in the Mediterranean Region population were
straight shaped, while the Hatay sample had a “v” shaped parietal suture. While 85% of the
Aegean Region population exhibited a "v" shaped variation, only the Mugla specimen was
found to have a straight parietal suture in this geographical region. While "v" shaped parietal
sutures were detected in 93% of the Central Anatolian Region population, it was observed that
Ankara samples had both variations in this geographical region, while only "v" shaped parietal
sutures were present in Eskisehir and Kayseri samples. It was observed that 78% of the Black
Sea Region population had a "v" shaped variation. Within this population, only the straight
parietal suture of Ordu specimens; It was noteworthy that Diizce, Samsun and Zonguldak
samples had only "v" shaped parietal sutures. When the Marmara Region population was
examined, it was seen that 88% of this population had a "v" shaped parietal suture. Bozcaada
and Marmara Island populations were all found to exhibit “v”” shaped parietal suture variation
(Table 2).
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Parietal suture variations of 364 M. macedonicus specimens were examined, 87% of them
showed indented variation in the form of the letter "v" and 13% showed a straight suture
variation (Figure 7). 63% of the samples in the Mediterranean Region population had a "v"
shaped parietal suture. A “v” shaped parietal suture was detected in 89% of the Aegean Region
population, 91% of the Central Anatolian Region population and 88% of the Marmara Region
population. Looking at the island populations, while no straight parietal suture was found in the
Bozcaada and Gokgeada populations, both variations were observed in the Marmara Island
population (Table 3).

Figure 2. Zygomatic index in Mus (a: width of the malar ridge, b: width of the antero-Ilateral
part of the zygomatic arch)

Figure 4. Frontal suture variations in Mus domesticus (a: angular, b: rounded, c: “v” shaped)
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Figure 6. Parietal suture variations in Mus domesticus (a: straight, b: “v” shaped)

Upper Incisors

In terms of upper incisor morphology, 41% of 108 samples belonging to M. domesticus
populations were unnotched, 50% single-notched, and 9% double-notched (Figure 8). While no
notched upper incisors were found in the Mediterranean Region population, all three variation
types were detected in the Aegean Region population. It was determined that the variation of
non-notched and single-notched teeth was equal in the Central Anatolian Region population.
While all three variation types were found in the Black Sea Region population, unnotched and
single notched variations were found equally in the Marmara Region population. However,
there were no double-notched upper incisors in the Marmara Island population and no notched
upper incisors in the Bozcaada population (Table 2).

It was determined that the upper incisors of 323 specimens belonging to M. macedonicus
populations were 49% non-notched, 42% single-notched, and 9% double-notched (Figure 9).
In the Mediterranean Region population, predominantly non-notched and single-notched upper
incisors were found. While all three types of variations were found in the Aegean Region
population, it was observed that the one-notch variation was predominant. It was determined
that the ratios of non-notched and single-notched teeth were close to each other in the Central
Anatolian Region population. It was observed that the number of single-notched teeth was
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higher in the Black Sea Region population, and the non-notched teeth were higher in the
Marmara Region population. However, single-notched upper incisors were not found in the
Marmara Island population and double-notched upper incisors in the Gokgeada population. One
specimen from the Bozcaada population was found to have a single-notched upper incisor
(Table 3).

Ventral Edge of Parietal Bone

Of the 107 M. domesticus specimens examined for variations of the ventral edge of the parietal
bone, 42% had wavy/zigzag edges and 58% had straight edges (Figure 10). While wavy/zigzag
variation was observed in the entire Mediterranean Region population, straight variation was
found in half of the Aegean Region population samples. Wavy/zigzag ventral edge was detected
in 40% of the Black Sea Region population. It was found that 28% of the Marmara Region
population had wavy/zigzag variation. In addition, Marmara Island and Bozcaada populations
were found to have mostly straight ventral edges (Table 2). As a result of the examination of
276 M. macedonicus specimens in terms of variations of the ventral edge of the parietal bone,
it was determined that 96% of the specimens had straight ventral margins (Figure 11 and Table
3).

The zygomatic index (ZI) value used in the diagnosis of the genus Mus species was found
between 0.24-0.52 for M. domesticus and between 0.49-1.33 for M. macedonicus in this study.
The ZI scores of island populations was 0.40-0.50 for M. domesticus; It was found between
0.51-0.98 for M. macedonicus. Gozcelioglu et al. (2005), on the other hand, while the ZI value
varied between 0.25-0.46 in M. domesticus, this change was found as 0.63-0.83 in M.
macedonicus. Krystufek and Vohralik (2009) determined the ZI value between 0.37-0.62 in
their study with 81 M. domesticus samples, and between 0.52-1.42 in their study with 111 M.
macedonicus samples. While the ZI values measured in this study were in agreement with the
literature for M. domesticus, Gozcelioglu et al. (2005) measured in a wider range than in the
study. This may be due to the high number of samples and localities.

According to the H+B/T value, which is one of the taxonomic characters used in the separation
of M. domesticus and M. macedonicus, those whose tail length are equal to or shorter than the
head-body length are identified as M. macedonicus, and those that are equal or longer as M.
domesticus. In this study, the H+B/T value was calculated between 0.74-1.1 (mean 0.95) for M.
domesticus, while it was calculated between 0.81-1.77 (mean 1.21) for M. macedonicus. The
H+B/T values of island populations were found to be between 0.79-0.98 for M. domesticus and
between 0.96-1.4 for M. macedonicus. Gozcelioglu et al. (2005) found the H+B/T value
between 0.73-1.0 for M. domesticus and 0.76-1.46 for M. macedonicus.
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Figure 7. Parietal suture variations in Mus macedonicus (a: “v” shaped, b: straight)

Figure 8. Variations of the upper incisors in Mus domesticus (a: unnotched, b: single-notched,
c: double-notched)

Figure 9. Variations of the upper incisors in Mus macedonicus (a: unnotched, b: single-notched,
c: double-notched)
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Figure 10. Variations of the ventral edge of the parietal bone in Mus domesticus (a:
wavy/zigzag, b: straight)

Figure 11. Variations of the ventral edge of the parietal bone in Mus macedonicus (a: straight,
b: wavy/zigzag)

Conclusion

In the diagnosis of the genus Mus species, the diagnosis is made by looking at the ZI value,
H+B/T value and the ventral state of the parietal bone. According to the results obtained in this
study, it was seen that ZI value and H+B/T value were successful as diagnostic characters, but
the ventral state of the parietal bone was not a reliable criterion. When the status of the frontal
suture, parietal suture, and upper incisors, which are the other characters examined in the skull,
were examined, no significant difference was determined in both interspecies and intraspecies
variations.
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