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Abstract: The morphological structure of seven clromosomal forms of Spalax leucodon was studied using
numerical taxonomical methods. Fifty-five skull and external characters were used in multivanate analysis. The
diploid number of chromosome 1s diverse even in adjacent localities. Discriminant Function Analysis (DFA)
revealed the presence of three distinct groups for both males and females. DFA separated the three
chromosomal forms (2n = 60, 50 and 56 NW) from each other. S. 1. cilicicus has 2n = 60, 56 SW, 54, 52, 40
chromosomal forms; S. 1. furcicus contains 2n = 56 NW;, and S. 1. nehringi includes 2n = 50 chromosomal form.
M, and M, have 2 alveoli cubicles in chromosomal forms of 2n = 40, 50, 54, 56 NW, 56 S, while M, ; have 1

cubicles in chromosomal forms of 2n = 60 and 52.
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INTRODUCTION

The genus Spalax is one of the taxa of which
taxonomy 1s rather complicated. According to the
morphological studies, Spalax leucodon Nordmann,
1840 and Spalax ehrenbergi Nehring, 1898 were
distributed in Turkey. S. leucodon is represented by five
subspecies (S. I nehringi Satumn, 1898; S. I. armeniacus
Mehely, 1909, S. L cilicicus Mehely, 1909, 8. . anatolicus
Mehely, 1909, S. I turcicus Mehely, 1909) in Turkey
(Mursaloglu, 1979; Kivanc, 1988).

On the basis of diploid chromosomal number and
fundamental number, a total of twenty one chromosomal
forms were recorded from Turkey (Butler et al., 1993
Nevo et al, 1994, 1995; Ivanitskaya et al, 1997,
Sozen et al., 1999, 2000ab; Kankilic ef al., 2005).
Although karyotypic forms are considered by Nevo
et al (1994, 1995) as biological species, morphological
studies determining the taxonomic status of these diverse
karyotypic forms in Turkey are very poor. Thus there is a
continuing debate on whether these karyotypic forms
determined in Turkey are separate species, or not.
However, karyotypic forms of S. ehwrenbergi in Tsrael
were described as different biological species adapted
at multiple organizational levels to their different
enviromments (Nevo ef af., 2001). This study was aimed to
analyse morphologic aspects of chromosomal forms of
Spalax leucodon m Turkey.

MATERIALS AND METHODS

A total of 166 adult subterranean mole rats (91 males,
75 females) of S. leucodon were collected from 2000 to
2003 1in Turkey (Fig. 1 and Table 1). All specunens were
assigned into seven groups on the basis of taxonomic
criteria and diploid number of chromosome (Fig. 1). Age
determination was made according to Kivanc (1988).
Cramal and dental characters were measured using a
calliper compass. The external, cramal character
measurements (mm) and weight (g) were taken from all
specimens examined. Then, specimens were skinned in the
standard museum manner.

Measurements of 55 characters were used in
morphometric analyses. The univariate analysis included
descriptive statistics (means and standard deviations)
for each variable (Table 1). On the other hand, the
multivariate analysis included DFA  (Discriminant
Function Analysis) and MANOVA. Tnitially, an overall
measure of sexual dimorphism was obtained by one-way
multivariate analysis of variance (MANOVA). DFA and
MANOVA were conducted usmg SPSS and NCSS
(Hintze, 2001) statistical software programs. Phenetic
relationships among groups were obtained by cluster
analysis. Similarity coefficient was calculated and
dendogram was constructed using UPGMA in the

NTSYS-pe 2.1 (Rohlf, 1994).
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Fig. 1: A map showing the sampling localities of S. leticodon specimens examined
Table 1: The rmeans of external and cranial measurements of adult male and fernale specimens in Turkey Standard errors are in parenthesis
Body Zn=60 2n=563 2n=354 2n=352 2n =50 2n =40
and populaticn population population population population population n=>56W
skull populaticn
variables Male Fernale Male Fernale Male Fernale Male Fernale Male Fernale Male Fernale Male
(mrm) n=:l =3¢ N=3 N=2 =4 N=2 N=4 =10 N=13 =3 N=3 n=z =3
TBL 2164 (28) 2042(23) 205624 1945(10) 2052(12) 193.0(21) 217.2¢(85) 2101(33) 217.6(61) 2120¢11) 197.0(62) 1920(42) 1833 (95)
HFL 22.6.24) 272019 290047 285(035) 2850083 27.0(071) 285075 27.2.50) 302(0.49) 283 (0.54) 2800047 22.0@0.00 283 (0.54)
W (g) 2151(92) 1762(58) 1900108 170.0014) 187.7(14) 1655(18) 216(243) 1790(20) 224(293) 1850(18) 1627 (16 1585(1%) 1180(80)
B 363058 3360310 27005 336099 3560247 3350003 333(215 321039 358(1.53) 353098 3400153 31.1(1.55) 37.3 (0.45)
7P 598(0.12) 5.62(0.11) 663(0.09) 6.80(021) 682¢065 550(007) 7.12(032) 7.00(0.15) 7.58(0.36) 6.27 (0.05) 647¢012) 6450460 7.03 (0.43)
c 73907 7.23.06)  T.50(0.17) 740 (14.8) 7.67(022) 7.65(003) 73700100 T19@07 7450016 677 @100 757(0.27) 7.65(0.03) 827 (0.03)
CBL 45.8(0.59) 427 (0.32)  435(0.54) 43.1(131) 440(227) 42.1(028) 4490223 411052 460(148) 441 (1.00) 435(1.23) 40.8(0.85) 441 (0d4)
CNL 491(0.63) 458(0.34) 465(0.64) 462 (163) 472(237) 449(025) 485(230) 444(053) 495(16d) 473(1.08) 467(147) 435(1.02) 47.8(039)
ONL 471059 44.0032) 449063 445 (159 455(214) 43.6(035) 466(209) 43.0(046) 47.5(1.62) 453 (1.0%) 447(1.2%) 41.7(1.06) 463 041
BL 435059 405 (0.32) 4110068 4080145 4220226 402 (025 4292270 391(048) 4370150 4210106 4150147 383078 4241033
WL 1940290 179017 185(0.07) 174 (067 176(097) 173(060) 192(068) 17.9(0.25) 194¢077) 184 (0.84) 17.6(052) 163 (0.60) 17.9(0.60)
B 639 (0.08) 596005 677(012) 6.60(028) 5950023 575(032) 635 (029 579009 665(0.21) 603(0.14) 6500057 5.75(.18) 630 (0.29)
PL 969 (0.16) 934(0.14) 968(0.49) 973(037) 84028 815(018 940(041) 932(0.33) 975(0.21) 850(0.31) 7.93¢034) 855046 £28(0.28)
PBL 110017 113017 109050 104 (037D 110028 125004 1210025 1220220 116040 101013 1120110 12.1074) 143 051
PEF 827(0.23) 944 (0.17) 102(0.66) 104(000) 825¢161) 933(102) 9.14(076) 966(0.26) 888(0.60) 859(0.68) S46(048) 9400610 105 (0.37)
FPL 197300 18330200 185(0.26) 2000095 197(1.06 17.9(024) 197 (096 184023 2040086 188062 190(04%) 183035 185(1.29)
MB 136(0.11) 130009 137(0.09) 13.1(039) 132¢021) 126(007) 134(034) 123025 137¢014) 128(0.15) 13.6(048) 13.5(0.03) 127 (0.14)
FRL 323046 298022 301052 3000095 3110186 2960018 3150149 293033 323(1.19) 313078 304(L0%) 220099 298167
BCL 178027 1630100 171029 1680064 169074 160028 1790001 157023 1760048 17.00.31) 17.4(05) 1610001 168019
D 201(0.26) 191(0.15) 197(0.22) 196(085) 205¢1.06) 204(007) 203(1.00) 192(.17) 206059 201(042) 192¢046) 17.9(0.28) 205 (0.26)
CTBL 120020 17.00.15) 180033 17.7(1.02) 17.9(083) 174035 1780074 169016 1820&) 17.80.28) 173012 1620211 175021
EMD 252(0.03) 240(0.03) 219(0.07 243(004) 256¢014) 250(009) 243(014) 244 (0.06) 268(0.11) 2.50(0.11) 240¢013) 2.50(0.09) 2.45 (0.07)
DL 17.7032) 162018 162026 16200710 1700109 159067 169(1L11) 152024 1750081 173043 164(0.38) 15.2(0.74) 159 (1.00)
PL 958 (0.16) £89(0.11) 833(0.26) 7.69(014) 914(045) 855(046) 9.17(056) 867(0.23) 977(0.38) 935(0.38) $85¢031) 7.89(0.56) 842 (0.54)
FPL 1200019 109@27) 11.9(0.09) 121(037 119(074) 112(042) 120(069 105(0.24) 125¢048) 11.9(0.35) 11.8(0.55 11.0(0.28) 115044
BEPL 137021 126015 119015 11L80014 131054 128(023) 1340073 128031 1490570 146035 129047 11.80.74) 12.0 0D
5L 163(0.21) 155(.15) 157(0.21) 150095 157¢090) 163(021) 156(061) 147(0.16) 158¢053) 160(0.22) 153(0.62) 13.7(0.56) 14.9(0.40)
RB 261 (0.12) 888 Q.07  $07(0.05) 8.30(042) 9470048 875(011) 9.27(039) 285009 $80(0.31) 920(0.05) 957(048) 855 [0.32) 993 0.72)
IFL 235(0.06) 2.29(0.06) 324(0.09) 342(000) 338¢009) 3.20(009 351(016 3.02(0.10) 353(0.16) 3.27(0.16) 3.64(045) 3420000 32.11(0.16)
IFB L1202) 119002 1.220.04) 1120004 1.08(005 1.05(000 112(007 098@.05 128005 101009 126017 0.920.08) 1.18@0.08)
MFB 26504 245004 2760110 3.09(005) 2760008 2500008 2.89(016) 277 Q.06 269007 2.54(0.19) 2800014 2.30@.14) 324 0.07)
FIB 2.85(0.07) 375(0.07) 397(0.21) 3.95(003) 3.90¢025 335(018) 4.95(111) 3.65(0.10) 444(0.18) 3.97(0.11) 463¢083) 340(0.07) 487 (0.37)
FIL 713(0.14)  6450.10)  690(0.25) 7.05(0.32) 7.27(057) 6.55(032) 6.05(037) 658008 7290040 653045 573(0.93 5.90(0.14) 697 (0.43)
FMHE 613 (0.05) 6.09(0.05) 637(0.12) 630(014) 635¢032) 545(018) 622(008) 6120.07) 660(0.11) 637 (0.05) 613¢022) 645(0.25) 633 (0.23)
TBL 122015 1150110 123025 1220028 116052 1L0037 1200051 11.2@.14) 126030 118033 119040 11.60.18) 113 047
TBW 7.63(0.06) 7.36(0.06) 842(0.12) 8.28(029 746(012) 7.89(018) 805(00% 7.28(0.15) 785¢0.10) 7.71(0.19) 7.30(0.16) 697 (0.28) 7.58(0.47)
AML 204 (0.41) 273(0.24) 280(0.33) 281(092) 291¢182) 27.3(003) 283(148) 263(0.34) 294(1.09) 286(0.81) 269¢03%) 261(1.13) 27.9(143)
MD 77113 7.200.09) 687007 695 (0.32) 740(045) 6.95(018) 747(054) 702012 7500037 747 Q41 667(0.20) 635025 747 (0.58)
CPH 169(0.28) 155(0.15) 175(0.95 153 (046) 160¢110) 152(011) 159(072) 1480200 171¢076) 163 (0.38) 155(057) 1450713 158119
ARML 32410 292 (0.26)  29.8(0.28) 296(120) 311¢172) 297(0001  30.2(1.39) 27.9(0.3%) 317(0.54) 303 (0.76) 28.6(0.57) 224 (1.08) 302 (1.24)
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Table 1: Continued

Body n=260 In=563 In=354 In=352 In=>50 In=40

and populaticn population population population population population n=>56W
skull population
variables MMale Fernale Male Fernale Male Fernale Male Fernale Male Fernale Male Fernale Male
(mrmy =:l =3¢ N=3 N=2 =4 N=2 N=4 =10 N=13 =3 N=3 n=z =3
ATMI 202(0.38) 282(0.26) 291(0.26) 290(102) 303¢158 285(014) 298(156) 27.6(0.30) 309(0.98) 293(0.63) 250¢028) 274099 288(1.05)
ALMY? 773007 757 Q.07  7.98(0.07) 7.76(028) 776(020) 7.63(000) 7.66(007) 7.57(0.12) S29¢0.10) 7.89(0.12) 802(0.11) 7.63(0.00) 7.40(0.03)
LMY 67207 661 Q.08  ST0(016) 651 (005 6740022 657 (008 S70(019 6850100 670(0.12) 657 (0.16) 692(00%) 684 (0.0 644 (0.27)
TUIAL 655009 614 Q.07 631006 617019 6310029 6110014 6.30(029) 605 0.12) 698(0.26) 644 (0.12) 649(026) 618(0.09) 7.32 (0.41)
UTW 227(0.04) 216(0.03)  210(0.00) 2.17(014) 216¢016) 2.04(005) 230(011) 212(0.03) 237(0.16) 2.15(0.00) 206¢0.04) 1.97(0.09) 237 (0.21)
CLM 258 (0.03) 2.55(0.02) 263(1.620) 269(004) 266¢012) 2.63(000) 272(005) 274 (0.04) 286(0.04) 2.80(0.07) 272¢0070 276(0.09) 2.63 (0.12)
CLM 231003 226003  223(012) 237000 2300006 2360008 2.27(012) 240004 244(0.04) 245 (0.09) 237(062) 2.23 (.09 2.23 (0.10)
CLM 1.85(0.03) 182002 1.88(0.03) 1.77(0.05 1$3(008) 190004 1790008 181 @.0M) 1850005 1.61@.13) 184015 169008 187 0.10)
CBM 233(0.02) 2.27(0.03) 223(0.06) 2.23(009) 227¢008) 223(009 236(004) 231(0.05) 237(0.05 228(0.13) 237¢0620 217(0.01) 2.10(0.00)
ALM,, 7.49(0.10) 7.290.07) 736(458) 7.42(023) 746(012) 7.69(004) 7.39(007) 7.41(0.09) 788(0.15 7.67(0.09) 745(0.18) 7.82(0.05) 7.36(0.45)
CLM,, 654 (0.07) 644 Q.08  657(012) 644 (009 6640013 6700008 664 (007 682007 699011 657 (0.08) 674(00% 670(0.09 657 0.16)
CLM, 23903 237 Q.03 228007 2.23(009 2430006 24300041 2.350(0.06 256003 260(0.02) 2.49(0.08) 245(0.07) 2.63 (0.0 237 0.16)
CLM, 217(0.02) 217(0.02) 232(0.04) 2.23(009) 237¢000) 230(005) 230(006 231(0.03) 240(0.06) 2.41(0.03) 237¢062) 2.50(0.09) 2.23 (0.06)
CLM, 206(.03) 2.00(0.03) 210(0,00) 2.04(005) 199¢010) 2.04(005) 1.94(009 2.04(0.03) 206(0.07) 2.02(0.070) 202¢0070 177(0.05 1.96(0.11)
LIW 226 (0.04)  214(0.03)  210(0.06) 2.10(009 220¢017) 2.10(000) 230(013) 226 (0.04) 237(0.09) 2.28(0.16) 2.06¢0.05) 223 (0.09) 2.49 (0.16)

TBL = Total Body Length, HFL =Hind Foot Length, W = Wight (g), ZB = Zygomatic Breadth, ZP = Breadth of zygomatic plate, IC =Interorbital Constriction, CBL = Condylobasal length,
CNL = Condylonasal length, ONL = Occipitonasal length, BL = Basal Length, NL = Masal length, NB = Nasal Breadth, FL = Parietal Length, PBL = Breadth of parietal on larmbdoid seam,
PBF = Breadth of parietal on forward seam, FPL = Frontalia + parietalia length, MB = Mastoid Breadth, FRL = Length of face region, BCL = Length of brain capsule, CD = Depth of Cranium,
CTBD = Depth of cranium except tympanic blister, EMD = Diatemer of external meatus, DL = Diasterna Length, FL = Palatal Length, FFL = Length of forward palatal, BFL = Length of behind
palatal, 3L = Subraccempital Length, BB = Rostrum Breadth, IFL = Length of inciswve foramen, IFE = Breadth of incisive foramen, MFB = Breadth of mesopterygoid fossa, FIB = Breadth of
foramen infracrbitalia, FIL = Length of foramen infracrbitalia, FMH = Foramen magnum height, BL = Length of tympanic bulla, TBW = Width of tympanic bulla, AML = Angular Mandible
Length, MD =Mandiple Depth, CPH = Height of coronoid process, ARML = Articular mandible length, ATMI = Alveolar mandible length, ALM” = Alveolar length of M-I, CLM" = Coronar
length of MM, UIAL = Alveolar length of upper incisors, UIW = Width of the upper incisor, CLM' = Coronar length of M, CLM = Coronar length of M, CLM' = Coronar length of M,
CBM' = Coronar breadth of M, ALM, , = Alveolar length of M,-M,, LM, = Coronar length of 1 -M,, CLM, = Corenar length of M, CLM, = Coronar length of 1, CLM, = Corcnar length of

ML, SLIW = Width of the lower incisor
RESULTS

Nonmetric  morphological characteristics:  All
chromosomal forms have foramen subra-condyloideum
above both sides of the occipital condyles. In adult and
old specimens, the width of parietal bones 1s nearly equal
to its length. The foramen post palatines are positioned in
the front of the line between M” and M’ in all samples. In
all chromosomal forms apart from 2n = 50 and 60, the
posterior margin of palate attain backwards the line
connecting the rear edges of the alveoli of the last upper
molars. In chromosomal forms of 2n = 40, 50 (Susuz and
Selim populations), 52, 56 NW, lachrymal projections on
the anterior orbital margins were invisible. The nasal bone
15 extending and passing through the back of the line
comnecting to the rear edges of infraorbital foramen in
only chromosomal forms of 2n = 568 and 2n = 50. There is
a nerve puncture i the both sides of nasal bone m only
2n = 30 (in Susuz population, N = 1). In chromosomal
forms of Zn = 50 and 54, the portion behind the palate has
a well- developed styloid process.

Molar morphology: Alveoli cubicles and roots of the
molar teeth showed structural differences within
chromosomal forms. Figure 2 shows alveoli cubicles of
M"*?and M, , ;. In chromosomal forms of 2n = 40, 50, 52,
54, 568, 56 NW and 60, M' has 2, 3, 3, 3, 2, 4, 1 alveoli
cubicles, respectively. M, has 2 alveoli cubicles in all
chromosomal forms. M, , have two alveoli cubicles in
chromoscmal forms of 2n= 40, 50, 54, 56 NW, 56 3, while
chromosomal forms of 2n = 60 and 52 have one cubicles
mn M, ;.

2n=40 2n

- 88

50 2n=52 2n

W

4 2n=56S 2n = 56NW 2n = 60

K B )
RS
FaF 3.

Lingual. ewssesss——y 1abial

@ g 2|
nleiv 28
G0 L8 8

79 Qe
LI (I D
AT L L

Fig. 2: Alveoli cubicles of upper and lower molar teeth in
seven chromosomal forms of Spalax leucodon

In all chromosomal forms, structural differences in
enamel fold patterns on crowns of the molars from
young to old individuals are showed in Fig. 2. In young
specimens, M' has two labial and one lingual enamel fold.
As age progressing, at first, the labial enamel fold in the
anterior 1s closed. After that, the labial enamel fold in the
posterior 18 closed. Finally, lingual enamel fold 1s closed
and chewing surface of the molar of the adult specimens
has three enamel islands m the shape of smiling man.
These three enamel 1slands end because of tooth erosion.

In all chromosomal forms, chewing surface of M of
young specimens contains two parts; one of them 1s
located on the anterior side and the other one 15 on the
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Fig. 3: Variations in enamel folds on upper and lower molar teeth of Spalax leucodon

posterior side. These parts are fused and enamel fold that
15 big on labial and small on lingual are developed in
young individuals. The order of closure for intruding
folds is as follows: firstly, the lingual enamel folds in the
anterior; secondly, the lingual enamel folds mn the
posterior and finally, labial enamel fold.

Figure 3 shows that chewing surface of the second
upper molar (M”) in young specimens contains two parts
which are fused in the course of time. Adults have one
lingual enamel fold The enamel fold in lingual forms the
three armed-enamel 1sland by fusing. Chewing surface of
the first lower molar (M,) in young specimens contains
two parts. There 1s an addition enamel 1sland in posterior
part of the chewing surface m young mdividuals. The
small island ends soon after fusing of anterior and
posterior parts. M, bears two (on lingual and labial)
converging folds on the chewing surface in mature
specimens. The lingual enamel fold makes two enamel
islands.
Chewing surface of the first lower molar (M,) in old

The enamel fold in labial forms one island.

specimens contains three enamel 1slands.

Chewing surface of the second lower molar (M,) in
young specimens consists of three parts; two in anterior
and one in posterior. The three parts are fused and two
enamel fold are formed on chewing surface. Fustly, enamel
fold in lingual and then fold in labial are fused.

Chewing surface of the third lower molar (M;) in old
specimens contains two enamel islands. In young

specimens, the third upper molar (M,) has three parts. In
the most common forms there are two folds. In mature
specimens,
islands.

chewing surface of M, has two enamel

Metric morphological characteristics

Male-female sexual dimorphism: The means of external
and cranial measurements for each sex of seven
karyotypic forms and their standard errors are shown in
Table 1.
significantly larger than that of females. There are a
gradient in body size and weight for each sex as follows
2n = 50 = 52 > 60 > 568 » 54 > 40 » 56 NW. The
morphometric comparisons between the two sexes by
Hottelling-T* criterion showed statistically significant
Hotelling-Lawley Trace Value = 1.257,
{(p<0.001), therefore, males and females were separately
evaluated for subsequent analysis. The
dimorphism in S. lewcodon was mostly expressed by
different characters (p<<0.001), but, statistically significant
values were not discovered between the two sexes for 16
of the 55 skull and body variables. These vanables (FPL,
MB, FIL, FIB, ALM", UIW, CLM', CLM’, CLM’, CBM2,
ALM, ., CLM,,, CLM,, CLM,, CLM ;and LIW) were
shown in Table 1.

The means of male measurements were

differences,

sexual

Discriminant function analysis and MANOVA: Total
variation in DFA for male specimens was explained by six
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components. The first discriminant function (DF-1)
derived from males separates 2n = 50 chromosomal form
from the others and explained 64.3% of total variability.
The second, the third and the fowrth variates explained
the rest of the variation, 29.2, 4.0 and 2.0%, respectively.
In DFA, 89.0% of male individuals were correctly
classified group. In male mdividuals,
classification results of DF showed all 2n = 60
chromosomal form (except one), all the 2n = 50 and all the
2n= 56 NW being classified correctly. In addition to thus,
three chromosomal forms (2n = 60, 56 NW and 50) were
separated and were situated in distinct regions in
vertical elongation of the plot. However, 2n = 56 SW, 54,

mto  their

52 and 40 chromosomal forms was not separated from
others and they located in a region distribution of 2n = 60
chromosomal form (Fig. 5). DFA of female specimens was
explained by 4 components. DFA of females showed
86.7% correct classification. The first canonical variate
explained most of the varnation (87.4%). The second,
the third and the fowth variates explained the rest
of the variation, 10.4%, 1.3% and 0.9%, respectively.
Misclassifications were observed m the 2n = 52
chromosome forms with 2 out of 10 individuals classified
into the 2n = 60 chromosome form. DFA showed that all
2n =56 SW, 54, 40 females and all the 2n = 50 and 60 were
correctly classified. The plots of functions 1 and 2 for
females mdicated that 2n = 50 clromosomal form largely
separated from the other groups.

MANOVA multivariate analysis was performed on
both male and female for 52 relative measurements of skull
variables. This analysis revealed that some of these
characters were statistically significant. In male specimens
among chromosomal forms, MANOVA scores revealed
statistically significant variation in skull parameters
(breadth of zygomatic plate, coronar length of M,,
(p=<0.001), breadth of parietal on forward seam, length of
behind palatal, breadth of foramen infraorbitalia, foramen
magnum height, alveolar length of M'-M’, coronar length
of M, coronar length of M,, p<0.03). In female specimens
among chromosomal forms, MANOVA scores showed
significant variation in skull parameters (breadth of
zygomatic plate, (p<0.001); breadth of parietal on forward
seamm, length of belund palatal, subraoccipital length,
width of tympanic bulla, (p<0.05);, breadth of incisive
foramen, breadth of mesopterygoid fossa, p<0.01).

Dendrograms of samples from seven clromosomal
forms were constructed by UPGMA based on the
Manhattan distances of centroids of seven groups in a
discriminant function analysis. The data for cluster
analysis were divided mto two groups due to sexual
dimorphism, only males were utilized in this paper (Fig. 6).

DISCUSSION

Morphological comparisons of seven chromoesomal
forms were achieved by studying external and cranial
characteristics of mole rat in the genus Spalax. Not all of
the chromosomal forms were correctly classified. Thus
based on the results of this study, it 1s hard to assign new
taxonomic status to all these chromosomal forms
distributed in Turkey.

Kivanc (1988) classified the specimens from
distribution area of 2n = 60, 56 SW, 54, 52, 40
chromosomal forms as S. I cilicicus, from distribution
area of 2n = 50 as S. [ nehringi and from distribution area
of 2n = 56 NW as 8. [ furcicus. According to Kivanc
(1988, S. L mehringi 13 distinguished from the other
subspecies by the presence of a well developed styloid
process on the portion behind the palate. Tn distribution
area of S. L cilicicus, all specimens of chromosomal
form of 2n = 54 possess these foramina. According to
owr non-metric morphological evaluations, the 2n = 54
(Kinkkale population) chromosomal form exhibits non-
metric morphelogical aspects of S. L nehringi.
Furthermore, the M’ of all specimens of this chromesomal
form has three alveoli cubicles. This is different from the
findings of Kivanc (1988) for S. . cilicicus. We included
this karyotypic form in S. I nehringi based on its
non-metric morphological characteristics. According
to Kivanc (1988), chromosomal form of 2n = 56 in Aksu
(Tsparta) is similar to S. L cilicicus. Our non-metric
morphological evaluations showed that this karyotype
possibly belongs to S. L
S. 1. cilicicus, because the M' of all specimens of this
forms have two alveoli cubicle. Kivanc (1988), who
evaluated specimens in distribution area of chromosomal
form of 2n = 56 NW in Thrace, indicated that M' of all
specimens in this region has three alveoli cubicle. The
results of the present study showed that 2n = 56 NW
chromosomal form is distinguished from the other
subspecies on four alveoli cubicle. But, the other
morphological characters of this chromosomal form are
consisted with the finding of Kivanc (1988).

In the comprehensive study on morphology of
S. ehrenbergi in Israel (Nevo et af., 1988), morphological
differentiations were observed in each chromosomal form
based on increase in aridity index and their adaptations to

anatelicus  1nstead of

the climatic diversity of Israel. According to Nevo ef al.
(1988), body size of northern ammals living m cooler and
more productive mesic environments is larger than that of
southern animals living in warmer and less productive
xeric environment. Our data support those of Nevo et al.
(1988) and 1n this study, the biggest body size and weight
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Fig. 4 The result of discriminant function analysis of male
specimens of S. leucodon in Turkey

were observed in chromosomal forms of 2n = 52 hving
in cover and environment with abundant food We
determined a statistically significance differences between
sexes by studying a great number of cramal characters of
S. leucodon supporting the findings of Nevo ef al. (1988)
for S. ehrenbergi in Tsrael. Females in all the chromosomal
forms are generally smaller than males.

In this study, discriminent analysis separated three
chromosomal forms (2n = 60, 50 and 56 NW) from each
other. DFA revealed the presence of three distinct
groups for both male and female (Fig. 4 and 5). Three
groups are: S. [ cilicicus has 2n = 60, 56 SW, 54, 52, 40
chromosomal forms; S. L furcicus contains 2n = 56 NW,
and S. 1. nehringi includes 2n = 50 chromosomal form,
respectively. The results of metric morphological analysis
are consistent with the findings of Kivanc (1988), while
non-metric morphological findings did not agree with the
literature. In addition to DFA, the classification obtained
by UPGMA shown in dendrogram (Fig. 6) is also
consistent with the classification of Kivanc (1988).

Wahrmann ef al. (1969) stated that the distribution of
each of the chromosomal forms of S. elrenbergi in Tsrael
displayed a general correspondence with climatic regions
characterized by increasing andity. When these
chromosomal forms along with increasing aridity
confronted, new selective environmental conditions
(homozygote karyotypes) fixed within local populations
as an adaptation for life in arid habitats (Walrmamm et al.,
1969). Climatically, Turkey 1s very heterogeneous n terms
of geographic position and structure and surrounded by
the Mediterranean Sea in the south and Aegean Sea in the
west. Andity stress was increased towards the mland,
Central Anatolia and Southeast Anatolia from other

44 e 1 2n=60
A2 2n=56SW
v3 2n=54
34 04 2n=>52
*5 =50 *
m 6 Zn=40
24 +
o e "
E 11 o * | LA . *
-.E 8 * g q" Py
g o ° ) MK
£ °o &+
.3
14 . ' %" .
a L. ]
@ T e o
24 .
*
[
-39 Female
T T T T T T
-6 -4 -2 0 2 4
Function 1

Fig. 5: The result of discriminant function analysis of
male specimens of S. leticodon in Turkey

regions. But tlus mcreasmg in aridity shows a
discontinuous state. According to recent studies on
geology and geophysics, Turkey is exposed to a lot of
deformation on both horizontal and vertical direction. The
Central Anatolia Plateau is diverged from all directions
because 1t 1s surrounded by mountain ranges. Fixation of
new chromosomal forms 1s considerably fast in members
of this genus having restricted movement ability.
Consequently, twenty-one chromosomal forms in Turkey
were reported (Butler et al., 1993; Nevo et al., 1994, 1995;
Tvanitskaya et al., 1997, Sozen et al., 1999, 2000a, b;
Kanlalig et al., 2005). According to our results mn this
study, the diploid number of chromosome is variable
even 1n localities that are very close to each other. For
example, in Beygehir, a population in ramy and humid
areas m foot of the Sultan mountains covered with forests
has 2n = 40, while another population in dry, cultivated
and steppe areas mn 15 km away from 2n = 40 has 2n = 60
(Kankilig et al., 2005). A similar phenomenon was found
in morphological characteristics of those populations. The
DFA clustering (Fig. 4 and 5) were well expressed this
situation. Karyotypically separated forms (2n = 40, 54, 56
and 60) are morphologically clustered together, because
their distributional areas (exposed climatical conditions on
morphology) were similar.

Although chromosomal forms are considered by
Nevo et al. (1994, 1995) as biological species, genetic and
morphologic studies on chromosomal forms are poor in
Turkey. When the number of diploid chromosomes (2n)
and morphological characters of chromosome forms (NF)
are taken into consideration, populations which have the
same diploid chromosome number possess considerably
distinct morphological characters. For example, in this
study specimens of Zn = 56 SW (Isparta) and 2n = 56 NW
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Fig. 6: UPGMA phenogram of chromosomal forms of Spalax leucodon based on Manhattan distances among centroids

of groups 1n discrimmant function analysis (Males)

(Thrace) chromosomal forms displayed considerable
differences in both non-metric and metric morphological
characters.

Numerical taxonomy uses a large number of
characters and gives equal weight to all of the characters
used to comstruct a classification. The classification
obtained by numerical taxonomy gave more information
than did conventional methods on the relationship
between Spalax taxa (Kivanc, 1988) used in present
study. Although this study added new finding to the
literature, 1t 13 somewhat known about genera, species and
subspecies distributed and morphelogical aspect
chromosomal forms in Turkey. A comprehensive study
covering all Spalar species seems to be necessary to
construct a more satisfactory classification.

REFERENCES

Butler, P.M., E. Nevo., A. Beiles and S. Simpson, 1993.
Variations of molar morphology in the Spalax
ehrenbergi super species adaptive and phylogenetic
significance. I. Zool. Lond., 229: 191-216.

Hintze, J., 2001. NCSS and PASS number cruncher
statistical system. NCSS Statistical Software,
Kaysville, UT.

Tvanitskaya, E., Y. Coolkun and E. Neve, 1997, Banded
karyotypes of mole rats Spalax spalacidae rodentia
from Turkey a comparative analysis. J. Zool. Syst.
Evol. Res., 35: 171-177.

Kankilic, T., E. Colak, R. Colak and N. Yigit, 2005.
Allozyme variation in Spalax leucodon. Nordmann,
1840 (Rodentia: Spalacidae) in the Area between
Ankara and Beysehir. Turk. I. Zool., 29: 377-384.

Kivanc, E., 1988. Turkiye Spalax’larinin Cografik
Varyasyonlari. Teksir-Daktilo-Fotokopi, Ankara,
Pages: 88.

Mursalogly, B., 1979. Turkiye Spalax larinda (Mammalia:
Rodentia) sistematik problemler. Tub. Tak. VI. Bilim
Kongresi, Mat., Fiz. Ve Biyo. Bil. Arafl. Gr. Biyo. Sek.
Teb., pp: 83-92.

Nevo, E., E. Ivanitskaya and A. Beiles, 2001. Adaptive
radiation of blind subterranean mole rats: Naming
andrevisiting the four sibling species of the Spalax
ehrenbergi superspecies in Israel: Spalax galili (2n
=52), 8. golani (2n = 54), 8. carmeli (2n = 58) and S.
Judaei (2n = 60). Bachkhuys Publishers, Leiden, The
Netherlands.

Nevo, E., E. Tchernov and A. Beiles, 1988. Morphometrics
of speciating mole rats adaptive differentiation in
ecological speclation. Z. Zool. Syst.
Evolutionsforsch., 26: 286-314.

Nevo, E., M.G. Filipucci, C.D. Redi, A. Korol and A.
Beiles, 1994. Chromosomal speciation and adaptive
radiation of mole rats in Asia Minor correlated with
increased ecological stress. Proc. Natl. Acad. Sci., 91:
8160-8164.

Nevo, E.,M.G. Filipuccr, C.D. Redi, S. Simson, G. Hethand
A Beiles, 1995, Karyotype and genetic evolution in
speciation of subterranean mole rats of the genus
Spalax in Twkey. Evol. T. Linn. Soc., 54: 203-229.

Rohlf, F.C., 1994 NTSYS-PC: Numerical Taxonomy and
Multivariate Analysis System. Version 1.80. Exeter
Publishing, Setauket, New York.

Sozen, M., E. Colak, S. Ozkurt and R. Verunli, 1999.
Contributions to the karyology and taxonomy of the
genus  Spalax  guldenstaedt, 1770 (Mammalia:
Rodentia) in Turkey. Zeitschrift Fur Saugetierlcunde
64: 210-219.

Sozen, M., E. Colak and N. Yiit, 2000a. Contributions to
the karyology and taxonomy of Spalax leucodon
nehringi  Satunin, 1898 and Spalax leucodon
armeniacus Mehely, 1909 mammalia rodentia in
Tukey. 7. Saugetierkund., 65: 309-312.

Sozen, M., N. Yigit and E. Colak, 2000b. A study on
karyotypic  evolution of the genus Spalax
guldenstaedi, 1770 (Mammalia: Rodentia) in Turkey.
Israel . Zool., 46: 239-242.

Wahrmann, J., R. Goiten and E. Nevo, 1969. Mole rat
Spalax evolutionary significance of chromosome
variation. Science, 164: 82-84.

2425



	2419-2425 - Copy_Page_1
	2419-2425 - Copy_Page_2
	2419-2425 - Copy_Page_3
	2419-2425 - Copy_Page_4
	2419-2425 - Copy_Page_5
	2419-2425 - Copy_Page_6
	2419-2425 - Copy_Page_7

