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Analysis o f dental characters o f Chionomys supported by a comparison with biochemical and 
karyological criteria shows its isolation from Microtus (sensu slricto). Snow voles (Chionomys) 
consist o f  two lineages developed separately since the Lower Biharian. The first one has appeared 
and evolved in Europe (Ch. nivalis lineage) while the second is probably of the Near East or 
Caucasus origin (Ch. roberli-gud lineage). Variation in dental characters of extant Ch. nivalis 
permit to reconstruct affinities between particular populations comparable in this respect with 
biochcniical data. Fossil species traditionally included in the Chionomys group (Microtus matei,
M. ttivaloides, M. nivalinns, M. rallicepoides) seem to belong to Microtus sensu striclo.
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Introduction

Teeth have long been inlcnsivcly studied by palaeontologists because they have great value 
in the identification o f species and the investigation o f variability, microevolution and phylctic 
relationships. Abundant fossil record o f voles (A n ’icolidae) from Oualcmary sediments of 
Eurasia and North America discovered in last decades (see Fejfar and Heinrich 1983, 
Zakrzewski 1985, Rcpcnning 1987 for summary) provide the opportunity to reconstruct their 
variation, spcciation and phylogcny more precisely. The major changes in the arvicolids lhat 
have been documented from the fossil materials involve changes in the cheek leeth (M i and 
M3). Although factors regulating the interspecific variation and evolution o f arvicolid tooth 
complexity are relatively well recognized (Guthrie 1971, Chaline 1987), the mechanisms of 
intraspccific variation on a population level are still insufficiently known and poorly 
understood, particularly in comparison with comprehensive studies based on karyological and 
biochemical data. Information obtained from geographical variation o f dental characters seems 
to be a suitable technique to reconstruct the taxonomic relationships on the subspecific level 
comparable in this respect with the biochemical methods.

Among arvicolids the genus M icrotus (sensu lato) is the most diversified recent group of 
voles (Corbet and Hill 1986). Its origin is probably related with the first important coolings 
o f the climate in the Northern Hemisphere, which look place about 2.0 ±  0.4 m.y. BP (cf. 
Zagwijn 1985) and was presumably manifested by the appearance o f widely distributed 
open (? steppe) environments. There is a common agreement among palaeontologists lhat

til



2 À. Nudachowski

Table 1. Kcccnl materials of Chiottomys nivalis. Ch. gndTCh. robcni, Microms occotiotnus anü A/, agresiis used for 
the study. N - number of specimens examined.

Code Population N Geographical region No. ol 
sites

n 1 Ch. nivalis ssp. 29 Sierra Nevada, Spain 6
n 2 Ch. nivalis abuiensis (Morales Agacino, 1936) 160 Sierra dc Grcdos and Cordillera Cantabrica, 

Spain
8

n 3 Ch. nivalis aquitanhts (Miller, 190S) 90 Pyrenees, Spain and France 12
n 4 Ch. nivalis Icbninii (Crespón, 1S44) 49 Massif Central, France 5
n 5 Ch. nivalis tcucunis (Gerbe, 1852) 63 Basses Alpes and Alpes Maritimes, France 4
n 6 Ch. nivalis nivalis (Martins, 1842) 64 Western Alps (Massif du Pelvoux), France 5
n 7 Ch. nivalis nivalis (Marlins, 1842) 139 Western Alps, Italy and Switzerland 24
n 8 Ch. nivalis nivalis (Martins, 1842) 36 Southern Alps (vicinity of Garda Lake), Italy 5
n 9 Ch. nivalis nivalis (Marlins, 1842) 93 Central Alps, BRD and Austria (Tirol) 17
nlO Ch. nivalis nivalis (Marlins, 1842) 40 Faslern Alps (Niedere Tauern), Austria 3
n i l Ch. nivalis nivalis (Marlins, 1842) 40 Faslern Alps (Dolomites and Kärnten), Italy 

and Austria
5

nl2 Ch. nivalis wagncri (Martino, 1940) 14 Julijskc AIpc, Yugoslavia 3
nl3 Ch. nivalis cf. inalyi (Bolkay, 1925) 29 Macedonia, Yugoslavia 4
nl4 Ch. nivalis alcco (I’aspalcv, Martino, 

Pcslicv, 1952)
142 Vilosha, Rila, Pirin, Rhodope, Bulgaria 11

nl5 Ch. nivalis ttlpitis (Miller, 1908) 4S Southern Carpathians, Romania 5
nl6 Ch. nivalis itlpitis (Miller, 1908) 76 Eastern Carpathians, Romania and USSR 12
nl7 Ch. nivalis inirhanreini (Schäfer, 1935) 741 Taira Mts., Czechoslovakia, Poland 19
nl8 Ch. nivalis ofympius (Neuhäuser, 1936) 14 Ulu Dag and Ilgaz Dag, Turkey 2
nl9 Ch. nivalis ccdronnn (Spilzcnbcrger, 1973) 12 Bey Dag, Turkey 1
n20 Ch. nivalis spiizaibcrgcrac Nadachowski, 1990 12 Bolkar Daglari, Middle Taurus Mis., Turkey 2
n21 Ch. nivalis hennonis (Miller, 1908) 76 Anti-Lebanon, Lebanon Mis., Israel, Syria, 

Lebanon
3

n22 Ch. nivalispontius (Miller, 1908) 4 Gircsun and [Jt/.istan Daglari, Turkey 1
n23 Ch. nivalis iriaktictts (Shidlovskij, 1919) 49 Transcaucasia, USSR 10
n24 Ch. nivalis lagtnovi (Ognev, 1950) 52 Caucasus Mts., USSR 7
n25 Cit. nivalis dcmcmicvi (llcplncr, 1939) 4S Kopcl Dag, USSR 4
n26 Ch. nivalis ssp. 14 Flbur/, Zagros Mts. (Zardch Kuh), Iran 3

Sub-total 2134 181

s ' Ch. gnd nenjukovi (Forniosov, 1931) 66 Western Caucasus Mts., USSR 3
gz Ch. gnd gnd (Sat unin, 1909) 64 Central Caucasus Mis., USSR 10
g3 Ch. gnd Ighcsicits (Shidlovskij, 1919) 12 Eastern Caucasus Mts., Dagestan, USSR 1

Ch. gnd lasisianitis (Ncuhüuscr. 1936 ) 8 La/.islan Daglari. Turkcv 2
Sub-tolal 150 16
rl Ch. robcni occidcmaUs (Turov, 1928) 83 Caucasus Mis., USSR 10
r2 Ch. robcni robcrli (Thomas, 190S) 72 Gircsun, Tralv.on and Lnzislan Daglari, 

Turkey
5

Subtotal 155 15
ol M. occonomus (Pallas, 1776) 49 Choszczewo, Poland 1
o2 M. occonomus (Pallas, 1776) 59 Jazy 13tele, Poland 1
Sub-total 108 2
a l M. agresiis (Linnaeus, 176]) 50 Dyrdy, Poland 1
h2 M. agresiis (Linnaeus, 1761) 42 Wymiarki, Poland 1

Sub-tolal 92 2
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the ancestral form - Allophaiom ys Korinns, 1933 (treated in m ost eases as subgcnus o f  
Microtus) differentiated into main phylctic lineages in Eurasia already during Biharian in 
the uppermost Bctfia and Nagyhärsänyhegy phases (ea. 1.0 ±  0.2 m.y. BP) (Chalinc 1966, 
1972, Van der M culcn 1973, HorâCek 19S1, Rabeder 19S1). Snow voles {Chionomys M iller, 
1908) arc one o f  the earliest groups o f  this spéciation event (Fcjlar and HordCck 19S3).

Taxonomic status o f  Chionomys is still controversial. Corbet (197S) and Krapp (19S2) 
included snow voles in M icrotus preserving sub-generic status for them, while Russian 
authors treated Chionomys as a separate genus (G rom ov and Polyakov 1977, Pavlinov and 
R ossolim o 1987). The latter opinion has been confirmed by cranial (Pietsch 19S0), 
karyological (Agadzhanian and Y alsenko 1984) and biochem ical studies which show that 
gcnctical distance between Chionomys and Microtus is even larger than that between  
A n ic o la  and Microtus (G raf and Scholl 1975, Graf 19S2).

R ecent Chionomys consists o f  three species: Ch. nivalis (M arlins, 1842), Ch. guci 
(Satunin, 1909) and Ch. roberti (Thomas, 1908). They inhabit mountain regions o f Europe, 
Asia M inor and som e other parts o f Western Asia (Lebanon and Anti-Lebanon Mis., 
Trancaucasia, Zagros Mis., and K opcl Dag) (Figs 1, 2). Am ong the fossil taxa, those  
traditionally included in the Chionomys group are: M icrotusnivaloides Forsyth Major, 1902, 
Microtus nivalinus H inton, 1923, Microtus m aiei H inton, 1907 and som etim es Microtus 
ratticepoides H inton, 1923 (Chalinc 1972, Fejfar and H on iiek  19S3).

This study reviews the fossil and recent taxa o f  the Chionomys group. Dental mor­
phology was used as the main taxonom ic criterion. T hcsyslcm alics, variation and evolution  
o f snow voles is discussed, on the basis o f  palaeontological, m orphological and biochem ical 
data.

Material

Recent materials examined comprise skulls and Icclli of: (1) Chionomys nivalis represented by IS subspecies 
(26 populations) originated from its whole modern range ( ta b le  1, Fig. 1); (2) Chionomys g u t  which consists of 
4 subspecies (Table 1, Fig. 2); (3) Chionomys roberti represented by 2 subspecies (’I able I. l'ig. 2); (4) Microtus 
occonomus (Pallas, 1776) comprising 2 populalions from N. Poland (Table 1); and (5) Microtus agvslis (Linnaeus, 
1761) which includes 2 populalions from Poland (Table 1).

Fossil materials (mainly isolated Mi) besides samples of the genus Chionomys, i.e. (1) Ch. nivalis (22 
populalions. Table 2); (2) Ch. g td (S populalions. Table 2); and (3) Ch. roberti (2 populations. Table 2) comprise 
the following taxa : (4) “Microtus" bttrgottdiac (Chalinc. 1072) (2 populations) (Table 2); (5) Micronts m a k i  (3 
populalions) (Table 2) and (6) Microtus nivaloides (1 type population) (Table 2).

The skulls and teeth examined belong to the collections of Fslacion lîiologica de Donana, Sevilla (abré­
viations in brackets, EBD); Museo National dc Cicncias Naturales, Madrid, (MNCN); Institute Pircnaico dc 
Ecologia, Jaca (IPE); Socicdad dc Cicncias Naturales Aranzadi, San Sebastian (SCNA); Museum d‘ Historic 
Naturelle, Toulon (M l 1NT); laborato ire  de la Faune Sauvage, .louy-cn-Josas (LFS); Centre des Sciences de la 
Terre, Université de bourgogne, Dijon (CSTD); Museum National d‘ 1 lisloirc Naturelle, Paris (MNI IN); Museo 
Civico di Sloria Naturale “Giacomo Doria", Genova (MSNG); Museo Zoologico de “L i Spccola", Firenze 
(MZS); Museo Civieo di Storia Naturale, Verona (MCSN); Institut Royal des Sciences Naturelles de Belgique, 
Bruxelles (IRSN); Brilish Museum (Natural History), London (HMNII); Harrison Zoological Museum, Seven- 
oaks (I IZM); Bayerische Slaalssammtung für Paläontologie und Historische Geologie, München (IÎSPG); Zoolo­
gisches Forschungsinstitut und Museum Alexander Koenig. Bonn (MAK); Zoologisches Institut der Universität 
Bonn, (ZIB); Forschungsinstitut Scnckcnbcrg, Frankfurt am Main (FIS); Museum für Naturkunde d c rl iumholdt-



Fig. 1. Distribution of Chionotnys n iw lis  [after Corbel (1 ‘J7H) and Krapp (1982), complemented] and location of fossil sites discussed in the text. 1 -  E rralb , 
2 -  Cantct, 3 -  Cottier, 4 -  La Gafenne 1 .5 -  Les Valcrots, 6 -  Weinbereholilen. 7 -  Kemalhenhohle, 8 -  ZkaniCmely Zamek, 9 -  Rylirskd Cave, 10 -  Srbsko-Nad 
Kafakcm Cave, 11 -  MaStalna Cave, 1 2 - Mecha Dupka Cave, 1 3 - R a d io  Kiro Cave, 14 -B orod ino , 1 5 -L a to m il ,  1 6 -K a ra in B , 17 -  Tchcrdjcnitsa 2, 
18 -  Clevedon Cave, 19 -  Crayford, 2 0 -T o m cw to n  Cave, 21 -W e s t Runton.
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Fig. 2. Disliibulion or Chionoinys gild and Chionomysrobati (aller Shidlovsktj, 1976, complemented) and location 
of fossil silcs discussed in the text. Lined surface indicates sympaliic occurrence of Ch. giid and Ch. robcrii. 
1 -  Matuzka Cave, 2 -  Mczmajskaya Cave, 3 -  Monaslieskaya Cave, 4 -  Trcugolnaya Cave, 5 -  Myshtulagtylagnl 
Cave, 6 -  Kudaro Cave 1.

M, M3

Fig. 3. Terminology ol the occlusal surface deinen is employed for llie tirsl lower (Ml) and I lie Ihird upper (M 3) 
molars in voles (aflcr Van der Mculen, 1973). AC = anterior cap; AL =  anterior lobe; BRA = bucal rc-entranl 
angle; BSA = buccal salicnl angle; LRA = lingual re-cnlrant angle; LSA =  lingual salient angle; PC =  posterior 
cap; PL =  posterior lobe.

Universität zu Berlin, (M NIIU); Nalional Museum of Natural History, Budapest (MN11); Naturhislorischcs 
Museum Wien (NIIM W ); Institute of Geology and Geoiccltnics, Czechoslovak Academy of Sciences, Praha 
(UGG), Institute of Systematic Zoology, Charles University, Praha (KSZP); Institute of Systcmalic and Ecological 
Biology, Czechoslovak Academy of Sciences, Brno (USEB); Inslilul of Syslentalics and Evolution o f Animals, 
Polish Academy of Sciences, Kraków (ISEZ); Mammal Research Institute, Polish Academy of Sciences, 
Białowieża (7.BS); Zoological Institut, Bulgarian Academy of Sciences, Sofia (ZIS); Zoological Institute, Academy 
of Sciences of the Ukrainian S.S.R., Kiev (ZIUA); Zoological Museum of the Lomonosov Stale University, 
Moscow (ZM UM ); Zoological Institute of Academy of Sciences of the U.S.S.R., Leningrad (ZIAS); Zoological 
Museum of Tcl-Aviv University, Tcl-Aviv (ZMTU); Regional Nature and History Museum, Ussishkin House, 
Dan, Israel (UII).



Table 2. Fossil materials of Chionomys nivalis (n ),Ch. gftd (g). Ch. robcrti (r), (?) Ch. burgondiae (b), Microtus matei (m) and M. nivatoides (s). N - number of specimens 
examined. Absolute datings in years BP.

Code Locality and geographical region N Layer Stratigraphy Absolute datings References
1 2 3 4 5 6 7

nA Erralla (Cestona, Guipuzcoa Prov., Spain 138 levels VI and V Older Dryas 16270± 240-15740± 240 
(3 dates)

Peman 1985

nB Cantet (Espeche, Hautes Pyrenees, France) 12 trench 7 Allerod/Youngcr Dryas 10920+160 Clot eial. 1984
nC Cotlier (Retournac, Massif Central, France) 31 levels IV and III Cottier 21100± 600-19880 ±520 

(2 dates)
Chaline 1976

nD La Garenne 1 (Cote-d'Or, France) 10 layers C and pi Weichselian 3 ? - Chaline 1972
nE Renne and Bison Caves (Yonne, France) 33 layers XI, RGS, H Arcy Interglacial 31700 ±950-28400±  850 Chaline 1972,

(3 dales) Brochet, unpubi.
nF W einberghöhlen(Mauem, BRD) 23 layer D Denekamp Inierstadial 28265 ±325 Koenigswald 1974
nG Kcmathenhöhle (Kipfenbcrg, Bavaria, BRD) 20 layers e and d Middle Weichselian 43920 ± 3880 Koenigswald 1978
nH Kcmathenhöhle (Kipfenbcrg, Bavaria, BRD) 26 layers c and b’ Middle Weichselian 33383+933 Koenigswald 1978
nl Kcmathenhöhle (Kipfenbcrg, Bavaria, BRD) 35 layers bi and b Denekamp Interstadial 30910 ±  660 -  30084 ± 600 

(2 dates)
Koenigswald 1978

n.l Zkamfnely Zhmek Cave (N-Moravia, 
Czechoslovakia)

14 Weichselian 2/3 ? Horiifek and SrVnchez 
Marco 19S4 (I )

nK Rviirska Cave (S-Moravia, Czechoslovakia) 27 - Weichselian 3 7 - (1)
n L Srbsko-Nad KnC.ikcm Cave (Central Bohemia, 63 - Plcniglacial - (1)

Czechoslovakia)
n M Maitaliiii Cave (SE-Slovakia, Czechoslovakia) 11 layers 13-15 Lute Weichselian (1)
n N Media Dupka Cave (W-Balkati Mis.. Bulgaria) 53 upcrmost layer Plcniglacial - Popov 19S4,19S5

n O Baclio Kiro Cave (Gabrovo, Balkan Mis., Bulgaria) 162 layers 14-11 Early Weichselian, 
47500 ±43000 

Lower Plcniglacial

Nadnchowski 19S4 

(2 dales)
nl’ Baclio Kiro Cave (Gabrovo, Balkan Mis., Bulgaria) 66 layers 10-4b Middle Weichselian 32700+300-29150+950 

(2 dates)
Nndachowski 1984

lilt Bordino, Smolian Dist., Rhodope Mts.. Bulgaria) 76 - I lolocene Popov, pcrs, comm.
nS Laiomi 1. Chios. Greece 42 - Middle Pleisiocenc ? - Slorch 1975
nT Karain B, Antalya, Turkey* 44 layers 32-17 Plcniglacial and Late Glacial 14160±210 S torch 19S8
nU Mczmajskaya Cave, Nortli. Caucasus Mis., USSR 170 layer 2 b Early Weichselian — Nndachowski and 

Baryshnikov 1991 (2)
nV Mezmajskaya Cave. North. Caucasus Mis., USSR 74 layers 2-2a Middle Weichselian - (2)
nW Monashcskaya Cave, North. Caucasus Mis.. USSR 24 Layers 2-4 Middle Weichselian - (2)

Sub-total 11S4
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gA Maluzka Cave, North. Caucasus Mis., USSR 56 layer 7/2,7/1 Eemian (Riss/Wiirm) _ (2)
gB Matuzka Cave, North. Caucasus Mts., USSR 68 layers 5-6 Early Weichsel ian - (2)
g c Maluzka Cave, North. Caucasus Mts., USSR 23 layers 4-3 Middle Weichselian - (2)
gD Treugolnaya Cave, North. Caucasus Mts., USSR 65 layers 2e-2i Middle Pleistocene - (2)
gE Trcugolnaya Cave, North. Caucasus Mts., USSR 46 layers 2d-2b Early Weichselian - (2)
gF Treugolnaya Cave, North. Caucasus Mts., USSR 36 layer 2a Late Weichselian _ (2)
gG Myshtulagtylagal Cave, North. Caucasus Mts,, 26 layers 4-9 Middle Weichselian 32980 + 1070 (2)

USSR
gH Kudaro Cave 1, South. Caucasus Mts., USSR 24 layers 3-4 Early/Middle Weich­ 44150+2400 Baryshnikov and

selian Baranova 19S3

Sub-total 344

rA Mntu/ka Cave, North. Caucasus Mis., USSR 23 layers 6-7 Eemian ?-Early Weich­ _ (2)
selian

rB Matuzka Cave, North. Caucasus Mts., USSR 14 layers 3-5 Early and Middle W eich­ - (2)
selian

Sub-total 37

bA Les Valerols, Cote-d'Or, France 83 unit 2 Lower Pleistocene, _ Chaline ct al. 1985
Mcnapian

bB Tcherdjcnllsa 2, Karlukovo Balkan Mts., 43 red dry clay Lower Pleistocene Popov pcrs. comm.
Bulgaria Beliia phase

Sub-lolal 126

mA Clevedon Cave, Somerset, England 335 Ipswichian (.remit taio) _ Sutcliffe and
Kowalski 1976(3)

mB Crayford, Kent, England 62 - Ipswichian (.remit taw ) - (3)
ntC Tornewton Cave, Devon, England 93 Glutton Stratum Ipswichian (.remit taw ) (3)

Sub-total 490

sA West Runlon, Norfolk, England 82 Upper Freshwater 
Bed

Cromcrian (3)
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Fig. 4. Characters of Mi and M3 occlusal surface analyzed. For detailed explanation see Table 3.

Table 3. Characters analyzed in the occlusal surface of Mi and M3.

No Characters
1

Stale of charctcrs

2 3

1
Mi

Confluence of T4 and T5 broad narrow separation
2 Confluence of T5 and T6 broad narrow separation
3 Development of BSA4 absent incipient developed
4 Development or LSA5 absent incipient developed
5 Development of BRA4 absent incipient developed
6 Confluence of T6 and T7 broad narrow separation
7 Development of Mimomys-ridgc on RSA4 absent incipient developed
8 Development of LRA5 absent incipient developed
9 Development of BRAS absent incipient developed

M3
1 Confluence of T4 and T5 broad narrow separation
2 Development of 13SA4 absent incipient developed
3 Development of LSAS absent incipient developed
4 Development of BRA4 absent incipient developed
5 Development of LRA5 absent incipient developed
6 Development of LSA6 absent incipient developed

M ethods

Mi11 |j|ia l\jic  analysis

Van dcr Meulcn (1973) introduced the terminology employed for the morphology of the occlusal surface of 
teeth (Fig. 3). Morphological variability of dental pattern of first lower molars (Mi) and Ihird upper molars (M 3) 
was studied according to the method proposed by Nadachowski (1990a). On each adult specimen of Mi nine 
morphological characters were recorded. They referred to the structure and size of particular triangles and 
re-entrant angles as well as the manner of confluence of triangles (Fig. 4). Characters show three states marked
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Fig. 5. Examples of the M i (1 -  6) and MJ (7 -1 2 )  patterns in voles described using the numerical formula melliod. 
1 -112211100,2 -  312211121,3-333311111,4 -333322321 ,5 - 323322121,0- 313333121,7 -111000, S - 311000, 
9 -3 1 2 1 2 1 ,1 0  -323221,11 -  333321, 12 -  333233.

wilh numeral 1, 2 o r3  according lo llictr formation (Table 3). Lack of a given sfruciure is indicated by “0". On 
the basis of such analysis ihc morphological variability was inscribed using numerical formulas. Each ch ancier 
has a stable position within the formula. Among almost 150 variants found in the material examined, 52 were 
figured. The same method was used in description of the variability of M3 where 6 characters were analyzed 
(Fig. 4, Table 3). Among almost 50 variants of M‘\  20 were figured. Examples of some morphological varianls 
and their numerical formulas arc shown in Fig. 5. For particular populations (samples) studied the frequency of 
variants (formulas) was cslablishcd. Varianls described by numerical formulas were grouped inlo morpholypcs 
(defined below), which were analyzed qualitatively and quantitatively on population level. In literature Ihc 
morpholypcs arc named wilh letters or combinations of letters and numbers (Van der Mculcn 1973, Nadachowski 
1982) o r  wilh the names of subspecies and species (Angcrmann 1974, 19S4, Clialinc 1972, Rabeder 1981, 
Nadachowski 1985). Matrices of similarity for the samples have been calculated wilh the coefficient of .laccard. 
Cluster analysis of the similarity matrices was performed with the unweighted pair-group method using arithmetic 
means (UPGM A) (Sncalh and Sokal 1973).

Murpluilvpcs of M 1

M orphotypc “pliocaenicus” (pi. Fig. 14*/1,2): T4, T5 and TG confluent; USA4 and LSA5 developed or HSA4 
incipient and LSA5 normally developed (=  morphotypc "supcrpliocacnicus” ace. to Rabeder (1981)). Dental 
pattern typical of Microius (Allophaioinys) piiocacnicns Korntos, 1933.

M orphotypc "prachinloni" (pr, Fig. 14 /4 ): T4, T5 and TG confluent; 11SA4 incipient; appearance of LRA5. 
Morphotypc characteristic of Microius (Ailophaiomys) pliocaenicus prachinloni Rabeder, 19S1.

’ Figs 8 -  20 arc placed at the end of the paper (on pp. 28 -  34).
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1,2

1

Mi M1

Fig. 6. Measurement mellioils oi Mi and m ’ (partly after Van der Mculcn 
1073). For detailed explanation see tlic text.

Fig. 7. Relationship between Hie condylobasal length of the skull (CliL) and the length of Mi in Chionomys nivalis 
mirhmircmi from 'i'alra Mountains. 1 -  juveniles, 2 -  adults, 3 -  two adult specimens.

Morphotype “nuliensis” (nu, Fig. 14 / 5): T4 and T5 confluent, T5 and 16 separated; LSA5 better developed 
than I3SA4; appearance ofincipicnl HRA4. Morphotype typical for Microms nmiensis (Chalinc 1972).

Morphotype "occonomus" (oc, Figs 8, 10, 12, 15. 17 /3, 6, 7, S): T4 and T5 separated; T5 and Tf> largely 
confluent; lack of BSA4 (or incipient in variant 7); I.RA5 incipient or well developed. Dental pattern charac­
teristic of AHeroins occonomus.
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Morphotype "lebrunii" (Ic, Figs 8, 10, 12, 1-1, 17 / 9, 10, 11, 12, 12, 1-1, 15): T5 nnd 46  confluent; BSA4 nnd 
LSA5 developed; absence or incipient development of BRA4 and LliAS. The pattern commonly found in Ch. 
nivalis lebrunii and Ch. n, leucurus.

Morpliolypc "abulensis" fab, Fig. 8 /  17,18,19, 20): T5 and 4'6 continent or separated; USA4 well developed; 
absence o r incipient development of LSA5. Ttic morphotype relatively common in Ch. nivalis abulensis.

Morpliolypc “aquitanius” (aq. Figs 8, 14 /2 1 ,  22): T5 and TO always separated; 11SA4 and LSA5 well 
developed; absence of BRA4 and LRA5. Characteristic morpliolypc for Ch. nivalis atpiiianiits, also commonly 
found in o ther populations of the snow vole.

Morpliolypc "nivalis" (ni, Figs 8, 10, 12, 14, 15, 17, 19, 2 0 /2 3 , 26, 27,28, 29, 30, 31, 32, 35, 36): T5 and T6 
always separated; BSA4 and LSA5 well developed; BRA4 and LRA5 incipient; anterior cap short. The pre­
dominant morpliolypc of Ch. nivalis.

Morpliolypc “gud" (gu, Figs 8, 10, 12 /  37, 3S, 39, 44,46, 47): T5, T6 and ’IT always confluent; I1RA4 belter 
developed than LRA5. A typical morphotype of Ch. gnl.

Morpliolypc “mirhanrcini” (mi, Figs 8, 10, 12 /  40, 41, 42, 43, 45, 52): T5 and T6 confluent; T6 and ‘17 
separated; BRA4 better developed than LRA5. A rare morphotype, more frequently found in Ch. nivalis 
mirhanrcini (cf. Nadachowski 1985).

Morphotype “malei" (ma, Figs 15, 17 / 16, 24): T5 and T6 conriuenl; FSA5 belter developed than BSA4; 
anterior cap slightly bent lingually. A dental pattern typical of Microius malei.

Morphotype "grcgalis" (gr, l'ig. 15 /25): T5 and T6 separated; BSA4 incipient, I.SA5 well developed; anterior 
cap slightly bent lingually. Morphotype characteristic of Mieroms gcgalis (I’allas, 1779).

Morphotype "arvalis” (ar, Figs 19, 20 /  33. 34): T5 and T6 separated; BSA4 and I.SA5 as well as I1RA4 and 
LRA5 well developed; anterior cap high. Very common morpliolypc of Mieroms aivalis (I’allas, 1979) and of 
other species of Microius,

Morphotype "agrcslis” (ag, Figs 19, 20 / 48): T5 and T6 separated; I1SA4 and I.SA5 as well as BRA4 and 
LRA5 well developed; appearance of LRA6. This dental pattern relatively frequently occurs in Microius agrcslis.

Morphotype "coronensis” (co. Fig. 19,20/49): 15 and 16 separated: occurrence of strong narrowing between 
T6 and 47.; 11SA4 and LSA5 well developed, ‘litis pattern is characteristic of a fossil form Mieroms coronensis 
Kormos, 1933 which most probably belongs to Mieroms agcsiis group (Nadachowski I9S5).

Morphotype “exlralriangulalus” (ex. Fig. 19, 20 / 50. 51): T5 and T6 as well as T6 and 47  separated. This 
pattern occurs sporadically in most of Mieroms species, more frequently in Mieroms agcsiis (Nadachowski 19S5).

Additionally in almost all morpholypes there occurred variants with so-called Mmomv.i-ridgc expressed by 
the development of a small prismatic fold on BSA4 or rarely on BSA5 (for example: Fig. 8 /1 5 ,  32, 36, 39, 42; 
l'ig. 10 / 39; l'ig. 12 / 32: Fig. 19 / 34, 51).

Morphutypcs nf

Morphotype “ lebrunii” (Ic, Fig. 9 / 1 , 2 ,  3): 4'4 and 4‘5 confluent; lack of BSA4 ansi 1.SA5. A pattern very 
common in Ch. n. Icbmnii.

Morphotype "mirhanrcini” (mi, Figs 9, 16 /  4): T4 and T5 confluent; incipient development of I.SA5. A rare 
morphotype, relatively Trcqucnt in Ch. n. mirhanrcini.

Morpliolypc "nivalis" (ni, Figs 9 ,16  / 5, 6): 4'4 and T5 separated; lack of BSA4 and I.SA5. The most common 
morpliolypc for the majority of the Ch. nivalis populations.

Morphotype “ malei" (ma. Figs 9,16, 18 /7): T4 and 4 5 separated; a distinct development of I.SA5. A pattern 
characteristic of M. malei.

Morpliolypc "occonomus" (oc, Figs 9, 11, 13, 16, 1 8 /8 , 10): T4 and T5 separated: distinct development of 
LSA5 and BSA4 (the latter sometimes incipient). A characteristic morpliolypc of M. occonomus.

Morphotype “hcrmonis" (lie, Fig 9 / 9): 4’4 and T5 separated: incipient development of LSA5, BSA4 and 
URA4. An occasional morphotype being more frequent of Ch. nivalis hcrmonis.

Morphotype “gud" (gu, Figs 11, 13, IS / 11. 12, 13, 14, 15); distinct development of I1SA4 and FSA5; 
appearance of incipient BSA5 in some variants; lack of LSA6. Dental pattern typical of Ch. g u  I.

Morphotype “robcrti” (ro, Figs 11 ,1 3 /1 6 , 17, 18, 19, 20); distinct development of BSA4 and LSA5, in some 
variants appearance of incipient BSA5; distinct development of I.SA6. A morpliolypc characteristic of Ch. robcrti.
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Measurements

The inilial comparison slartcd wilh 10 measurements for Mi and 6 m easurem ent Tor M3, of which only 5 
(for Mi) and 3 (for M3) were used for analysis lo reduce the number of highly correlated measurements. Following 
measurements appear to be useful for distinguishing species and populations of the Chtoiioinys group (Fig. 6): 
(1) Ihc length of Ihc occlusal surface of Mi and M3 (=  L, ace. to Van dcr Mculcn 1973); (2) the length of 
antcroconid complex (for Mi) (=  a, acc. to Van dcr Mculcn 1973) or the length of postcroconid complex (for 
M ) (=  p, acc. lo Nadaehowski 1990b); (3) the width of the posterior part of Ihc antcroconid complex for Mi 
and posterioconid complex for M3 measured from the tip o i BSA4, so that of LSA4 ( =  F, acc. to Van der Mculcn 
1973 and = W ; acc. to Nadaehowski 1982), taken Trom the inner sides of the enamel; (4) the shortest distance 
between DRA3 and LRA4 (=  b, acc. lo Van dcr Mculcn 1973 and Hi acc. lo Nadaehowski 1982) taken again 
from the inner sides of the enamel; (5) the distance taken along the line 1-1 from the projection paint of ihc 
antcriormost point of BRA3 lo the projection point oi the anlcriormosl point of LRA I.

Most of the above defined parameters have been employed lo calculate the following ratios: 2/1 (=  A/L, 
acc. lo Van der Mculcn 1973) which expresses the relative length of the antcroconid complex (for Mi) and 
postcroconid complex (for M3) in comparison lo the tooth length; 4/3 (=  BiAVr, acc. lo Nadaehowski 1990b) 
which gives the degree of separation of the anterior cap of Mi from T5; 5/1 which expresses the mutual position 
of BSA4 and LSA5. Differences in mean values observed have been checked by Students and Schefl'e’s tests.

Differences and changes in size were analyzed using the length of Mi which appear lo be highly correlated 
(r =  0.S2) wilh the condylobasal length of the skull (Fig. 7).

R esults

The recent snow vole (Chionomys nivalis) served as a m odel for studying variations 
wiihin the group. Its widely separated geographical populations exhibit a high degree o f  
intra- and inicrpopulalional variability o f the dental pattern (Figs 8 ,9*; Tables 4 ,9 ,1 0 , 14). 
The most com m on o f  the M i m orpholypes is “nivalis” (tolal frequency 58.5% ), followed by 
“lebrunii” (17.0% ) and “aquilanius” (11.8% ) and for M3 “nivalis” (44.1% ), “lebrunii” 
(34.8% ) and “m alci” (10.2% ). The W est-European populations from Spain and France 
(Ch. n. abuiensis, Ch. n. aquilanius, Ch. n. leucums, Ch. n. lebrunii) show sim ple dental 
pattern w ilh high frequency o f  “lebrunii” m orpholypc, and “occonom us” m orphotypc (for 
M i) which is especially com m on in the populations from M assif Central (17.5 - 18.4%). 
The pattern “aquilanius” which occurs in most o f  the snow vo le sam ples is predominant in 
the population from Ihc Pyrenees (44.5% ). Generally, W cst-Europcan populations con ­
stitute on e group well separated from most other subspecies as far as m orphology o f  M3 is 
concerned (Fig. 22), while their structure o f  M i is not so hom ogeneous and consists o f  two 
clusters (Figs 21 and 23). Additionally, Spanish populations show som e peculiar features 
(m orpholypc “abuiensis”). The isolated population from Sierra Nevada (n l)  is m ore 
similar in its structure o f  M i to the sam ples from the A lps than lo  Ch. n. abuiensis from  
Cordillera Cantábrica. W cst-Europcan populations arc o f  large (especially Ch. n. abuiensis) 
or medium size w ilh exception o f Ch. n. leucum s (M -L M i= 2 .S 3 )  which is the sm allest sub-

•Figs 8 - 2 0  and Tables 4 - 1 6  arc placed at the end of the paper (on pp. 2S -  34, and 35 -  45, respectively).



Syslcmalics and evolution of Chionomys 13

species in Europe. The sim ple denial pallern o f Ihcsc populations is also manifested by low  
mean values o f  2/1 index and very high values o f  4/3 index.

The nom inative subspecies Ch. n. nivalis, inhabitant o f the Alps (sam ples n6 -  n i l ) ,  is 
characterized by higher frequency o f  “nivalis” and decrease o f “Icbrunii” m orpholypcs. 
Som e populations which inhabit W estern Alps (c. g. n6 for M i or n6, n7 for M3) show  an 
interm ediate pattern and belong to the cluster related to the “lebrunii-lcucurus-aquitanius” 
group. The series o f  contiguous populations from the A lps show a size cl inc. A  gradual size 
increase is observed from the west to the easi and the biggest populations live in the 
easternm ost part o f the Alps (Niedcrc Taucrn) (M  -  LM i =  3.12). D ifferences between  
extrem e sam ples arc statistically significant (p < 0 .01 , Seheffe’s lest). Other parameters 
measured fluctuate around the mean values for the w hole species. An important change in 
dental m orphology is observed in contiguous populations from W estern part o f  the French 
Alps (n6) and Switzerland (n7).

Populations o f  the snow vole from the Dinarie M ountains, Balkan Peninsula and 
Carpathians (Ch. n. wagneri, Ch. n. malyi. Ch. n. aleco  and Ch. n. ulpitts) are generally char­
acterized by smaller variation with absolute predom inance o f  the “nivalis” morphotypc. 
Sim ple m orpholypcs o f  M i “occonom us” and “Icbrunii” arc rare or absent. In the structure 
o f M 3 a distinct increase o f  more com plicated m orphotypc “mulci” is observed. Ch. n. 
mirhanreini from Tatra M ountains exhibits peculiar features in M i manifested by the 
greatest variability and higher frequency o f m orpholypcs “gud” and “mirhanreini” (9.9 and 
7,4%, respectively). In the structure o f  M3 the predom inance o f  m orpholypcs “Icbrunii”, 
“m irhanreini” and “m alci” is observed. These differences in com parison with other pop­
ulations point to a distinct separation o f  this population from all other examined sam ples 
o f  Chionomys nivalis. (Figs 21 ,2 2 ).

The snow  vole populations from Asia M inor (Ch. n. olymphts, Ch. n. cedrontm  and 
Ch. n. spitzenbergcrae) arc characterized by a very sim ple dental pattern o f  M i with a very 
high frequency o f “occonom us” (up to 41.7% ) and “leucurus” (up to 75.0%^, m orpho­
lypcs m anifested also by high values o f  4/3 index. The dental pattern o f M‘ in Ch. n. 
spitzenbergcrae shows very peculiar features with absolute predom inance o f the m orphotypc 
“m alci” (78.6% ). This subspecies is similar to the M icroias oecononuts group as far as the 
M3 structure is concerned (Fig. 22). In the cluster analysis o f M] all Turkish populations 
occupy a separate position (Figs 21 ,2 3 ).

A siatic populations o f  Ch. nivalis from Caucasus (Ch. n. loginovi), Trancaucasia (Ch. n. 
trialeticas) and K opcl Dag (Ch. n. dem entievi) are vety closely related with regard to tooth  
m orphology. They exhibit sm all variability o f  M i with predominance o f  the “nivalis” 
morphotypc. Third upper molar is more variable with a relatively com plicated dental 
pattern (m orpholypcs “occonom us” and “hcrm onis”). Ch. it. hennonis front Lebanon and 
A nti-Lebanon Mis., is rather similar to the Balkan populations (Ch. n. ulpiits, Ch. n. aleco). 
Populations o f  the snow vole from Asia M inor and the Caucasus region arc distinctly 
sm aller in com parison with M iddle and East European sam ples and differences arc 
statistically significant (p <  0.05, Schcffe’s test). Phonetically these subspecies arc closely  
related to Central and Eastern European populations o f Ch. nivalis (Figs 2 1 ,2 2 , 23).
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The above data make it possible to distinguish ihc follow ing groups o f  populations:
(1) Ihc “lebrunii” group (com prising subspecies lebrunii, leiicunis, aquitanius, abuiensis)-,
(2) the “nivalis” group (nivalis, Iwagneri, malyi, aleco, tdpius, loyinovi, triaieticus, Ipontius, 
dem entievi, herm onis); (3) ihc “mirhanrcini” group (mirhanreini); (4) the “cedrorum ” group 
(cedroriim, olympius)-, (5) the “spilzcnbcrgcrac” group (spitzenhcrperae).

Fossil sam ples o f Ch. nivalis from P leistocene show  similar variation as extant pop­
ulations, however, the frequency o f sim ple m orphoiypes “lebrunii” (total 22.3% ) and 
“aquitanius” (20.1% ) is higher while m ore com plicated patterns exhibit lower frequencies 
("nivalis" -  51.2%, “m irhanrcini” -  0.3% ). West European fossil populations (nA  -  nE) 
show for Mi the predom inance o f m orphotypc “lebrunii” while “aquitanius” is rather less 
frequent. Measured parameters have not changed significantly in relation to extant pop­
ulations from this area. Fossil samples from Germany north to the present distribution o f  
Ch. nivalis (nF  -  n l) do not differ distinctly from recent nom inative subspecies (Fig. 23).



Systcmatics and evolution of Chioiiomys 15

robertt 
occidentQlis 

gud
nerijukovi 
ssp y
spiizenbergeroe ]■

malei

Ch roberti

Ch gud

M.oeconomus 

Ch.nival is

ri—mA
n 20 spitzenbergerae 
n 17 mirhanrein 
n 19 cedrorum 
nS ssp 
n 16 Olympics

 rfl A
 M -  n 24

I—  n 23

Fig. 22. Phcnctic dendrogram (UPGMA) for 
M based on Jaccard’s similarity values (Sj) for 
34 recent and fossil populalions of (he 
Chiottomys group and some allied laxa. The 
cophcnclic correlation coefficient is 0.91 
Explanation of abbreviations to be found in 
Tables 1 and 2.

n 25 dementievi 
(.oginovi 
tridleticus 
hermonrs 
ul pius 
ulpius 
aleco 
nivalis 
malyt

r C ^ .
I— n

M5

23 
n 21 
n 16 
n 15 
n 14 
n11 
n 13 
n10 
n 3 

- n 7 
n 9 

6 
5 

n 3 
n2 
n4 
bA 
n t

leucurus
aquitamus
abulensiS
lebrunii

ssp
ssp

02 0.4
Si

0.B6

* f f l Ch burgondiae 
Ch.nivalis

M male»

Populations from Czechoslovakia (nJ -  nM) also show more sim ple denial pal lorn in 
com parison with the M iddle and East European snow  voles. D espite being m ost close 
geographically to Ch. n. mirhanreini from Tatra M ountains, they do not exhibit the peculiar 
characters o f  this taxon being phonetically similar to typical Ch. n. nivalis (Fig. 23). Fossil 
populations from Balkan Peninsula (nN -  nR) show  slightly higher frequencies o f  m orpho- 
typcs “lebrunii” and “aquilanius” in com parison with present inhabitants o f this territory 

* (Ch. n. aleco  and Ch. n. utpiits). From am ong the two populalions from Asia M inor studied, 
the M iddle P leistocene M i sam ple from Latomi 1 (nS) is related m orphologically to the 
sim ple populalions o f Ch. n. lebrunii and Ch. it. im tatnis. The Karain B population (nT) is 
closely related to recent Ch. n. spiizenbergerae and is characterized by very high frequencies 
o f  “occonom u s” m orphotypc (41.7%) for M i and “nialci” (63.6% ) for M3. Fossil sam ples 
from the Caucasus region (nU  -  nW) show a more sim ple dental pattern in com parison  
with the extant descendants, which is m anifested by higher frequencies o f  m orphotypcs
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“lebrunii” and “aquitanius”. They arc also characterized by distinctly longer M i, especially  
in com parison wilh Ch. n. loginovi.

The dental pattern o f two Caucasus species o f  Chionomys arc generally very similar 
(Figs 1 0 ,1 1 ,1 2 ,1 3 ). In the M i o f  Ch. gud the niorphotypc “gud” is clearly dom inant (total 
frequency 54.6% ) w hile for Ch. roberti it shows lower frequencies, in average 43.2% . In both 
species under study the sim ple m orphotype “lebrunii” plays an important part being also 
generally less frequent in Ch. gud (total frequency 34.7% ) than in Ch. roberti (41.9% ). Other 
m orphotypcs o f  M i (“occonom us”, “nivalis” and “m irhanrcini”) arc only accessorial. The 
dental pattern o f  M 3 o f both species is distinctly different front Ch. nivalis. In these species, 
the com plicated m orphotypcs “gud” and “roberti” prevail, with total frequency o f 58.7%  
and 13.6% for Ch. gud and 16.1% and 65.S% for Ch. roberti, respectively. The only com m on  
m orphotype wilh Ch. nivalis is “occonom us” -  relatively frequent, especially in Ch. gud 
(28.6% ). Fossil populations o f  Ch. gud arc very similar in the frequency distribution o f M i 
m orphotypcs to the recent materials, wilh the exception o f  M iddle P leistocene sam ples 
from Maluzka Cave (gA) and Trcugolnaya Cave (gD); these arc characterized by a more 
sim ple dental pattern manifested by predom inance o f  “lebrunii” m orphotype (51.7 and 
55.4%, respectively). P leistocene populations o f Ch. roberti from Maluzka Cave show a 
distinctly different percentage representation o f  m orphotypcs “lebrunii” and “gud” in 
com parison with recent subspecies. Generally, fossil sam ples o f  Ch. gad  and Ch. roberti 
show sm aller dim ensions and lower values o f  2/1 index than their recent descendants 
(Tables 11, 15). In phcnclic dendrograms (Figs 21, 22, 23) they are well separated from  
Ch. nivalis.

The lower Biharian population from Lcs V alcrols described under the name M icrotus 
m alci bnrgondiae Chalinc, 1972 differs distinctly from the populations referred to the 
M. m alci group (Fig. 14, Tables 10, 14). Its peculiar dental pattern o f  M i is characterized by 
mixing o f  different m orphotypcs. A m ong sim ple m orphotypcs “pliocacnicus”, “nutiensis” 
and “prachinioni” which arc typical for som e evolved forms of Allophaiom ys, the latter is 
the most frequent (26.5% ). A ll other morphotypcs (“lebrunii", “aquitanius”, “m alci”, 
"nivalis”) can be considered as nivaloid ones, although they all represent variants o f  
confluent T4 and T5. Their total frequency prevails in the population (56.6% ). The type 
population is relatively big (M LM i =  2.79), characterized by low values o f 2/1 index (45.8) 
and very high values o f 4/3 and 5/1 indices (25.1 and 11.3, respectively). The m orphology o f  
M 3 is very sim ple with absolute predom inance o f  “lebrunii” m orphotype (94.1% ). A nother 
population from Tchcrdjcnilsa 2 (bB) also referred to the sam e taxon represents much 
more primitive stage o f  evolution with distinct predom ination o f  m orphotypcs charac­
teristic o f  evolved AUophaiomys (74.4% ), while nivaloid variants com pose 25.6%. Both  
sam ples, however, form a separate cluster related to the Chionomys group named (?) 
Chionom ys bnrgondiae (Fig. 21).

An analysis o f  dental pattern o f  the type population o f  Microtus m alci from Clcvcdon  
Cave as well as two other sam ples studied show extremely high polymorphism (Figs 15,16; 
Tables 12, 16). In the M i pattern there occur morphotypcs characteristic o f Chionomys 
(m orphotype “nivalis” with total frequency o f  45.1% ), M. occonom us  (m orphotypcs 
“occonom u s” and “m alci” w ilh total frequency 18.9% and 29.9% , respectively) and even
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accessorial pattern characteristic o f  M. gregaiis (6.1% ). The characters o f  M3 arc also 
peculiar with absolute predom inance o f “m alci” m orpholypc (total frequency 74.4% ). A  
very characteristic feature o f  M  m alci is its great inlcrpopulational variation. Each sam ple 
studied shows its own spectrum and frequency o f  M i m orpholypcs, with (he predom inance 
o f “nivalis”, “m alci” or “occonom u s” patterns. It is a large, specialized laxon with high 
values o f  2/1 index. M ean values o f 4/3 and 5/1 indices occupy interm ediate position  
between Chionomys nivalis and M icrolus occonom us. Generally, M. m alci is m ost closely  
related to M. occonom us (Figs 17, 18, Tables 12, 16) and has nothing in com m on with 
Chionomys in spite o f  high frequency o f nivaloid variants in dentition (Figs 21, 22).

An analysis o f the M i material o f  M icrolus n ivaloides from the type locality at West 
R unlon  shows the predom inance o f  m orpholypc “arvalis” (56.1% ) follow ed by “nivalis” 
(32.9% ) (Fig. 19, Table 13). Three accessorial m orpholypcs “agrcslis” (3.7% ), “coroncnsis” 
(4.9% ) and “cxlralriangulalus” (2.4% ) arc characteristic o f  extant M. agrcslis (Fig. 20, 
Table 13) and never occur in the species o f Chionomys. It is a rather small ( M - L M i =  2.62) 
and specialized taxon with relatively high values o f  2/1 index (in average 50.5) and low 
values o f  4/3 and 5/1 indices (5.1 and 6.5, respectively), again typical o f M icrolus 
ar\-alis/agresiis group. Both the m entioned species create one cluster distinctly separated  
from Chionomys a n d M  occonom us groups (Fig. 21).

Discussion

In alm ost all phylctic lineages o f  voles one can observe a gradual and progressive 
increase o f triangle number or at least com plication o f  the m orphological structure on the 
first lower and the last upper molars as well as a moderate trend o f  increase in size. This 
stable tendency, which can be considered in terms o f  phylctic gradualism (C halinc 1987), 
creates a basis for discrim ination o f  the primitive and derived populations. It is assum ed by 
palaeontologists that a similar dental m orphology in a given lineage reflects real phylo­
genetic relationships between the studied taxa. This last assum ption is based on the fact that 
com plexity o f dental characters is inherited and that m ultiple genes with additive effects 
rather than a single gene arc responsible for a given m orphological pattern (Grcwal 1962, 
Griincbcrg 1965). In the course o f  evolution the frequency o f  genes and so the frequency o f  
the m inor dental characters undergo gradual change being a m orphodynam ic process. A s a 
consequence, in a given lineage prim itive ( =  ancestral) characters arc not com pletely lost 
but arc preserved with smaller and sm aller frequency. This phenom enon is observed in 
m ost o f  the M icrom s (sensu in to) lineages m anifested by sporadic occurrence o f  ancestral 
characters in few recent specimens. In the Sienocranius lineage, for exam ple, the confluence 
o f T4 and T5 in M i, which is considered a prim itive trail, decreases by degrees from the 
Biharian M icrolus (Sienocranius) gregaioides to M. (S.) gregalis (Nadachowski 1985). In 
extant species this character “survived” with frequency 7-S% (Bolshakov el. al. 1980). It is 
believed that similar processes should be observed in the evolution o f  the Chionomys 
lineage.
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Origin ¡mil evolution of Chionontys

Lower P leistocene is the period o f  radiation o f  M icroius (sensu la to)  and the fossil laxa 
described are direct ancestors o f  the extant species. The origin o f  Chionomys is enigmatic. 
There arc two alternative possibilities o f the solution  o f  this problem. The first is based on  
the opinion that Microtus (Allophaiomys) pliocacnicus, widely distributed in Eurasia and 
North Am erica in Lower Biharian, is the ancestor o f  all phyletic lineages o f  M icroius 
including Chionomys (Chalinc 1972, Rabeder 1981, Fejfar and HoraCek 1983). Literature 
data indicate that nivaloid patterns o f  M i (m orpholypcs “lebrunii”, “aquitanius”, “nivalis”) 
appear, with low frequency, practically in every sam ple o f A llophaiom ys, independently o f  
its geographic position. This general phenom enon seem s to be a characteristic feature o f  
the evolution o f  the Allophaiom ys first lower molars and im pedes identification o f  an 
ancestor population. One can also assum e that Chionom ys split from an unknown ancestor 
belonging to the genus M im om ys already in the beginning o f  the Lower Biharian. A lthough  
this point o f  view  is not confirm ed by the fossil evidence, it is strongly supported by 
biochem ical and karyological data (Agadzhanian and Y atsenko 19S4, Graf 1982),

Only at the end o f the Betfia phase there appear populations with higher frequency o f  
nivaloid m orpholypcs. Special attention should be paid to a form described from Lcs 
V alcrots under the name Microtus m o ld  burgondiae Chalinc, 1972. The cluster analysis for 
Mj shows that it is related to the Chionomys group and has little in com m on with the 
Microius oeconom us group (including M. malci, sensu slricto)(Fig. 21). Its M 3 pattern is very 
similar to the primitive populations o f Ch. nivalis (Fig. 22). This population, however, 
show s som e special traits i.e. a relative high frequency o f  prim itive m orpholypcs  
“p liocacnicu s”, “prachintoni”, “nutiensis” and confluence o f  T4 and T5 in nivaloid  
m orpholypcs o f M i which never occur in extant Chionomys. C om plete lack in recent 
Chionom ys nivalis o f  prim itive traits characteristic o f  “M icroius” burgondiae make the 
attachm ent o f  the m entioned laxon to the Chionomys lineage rather dubious. On the other  
hand, am ong fossil European materials it is most closely related to Ch. nivalis. It is 
proposed here to provisionally include “Microius" burgondiae to Chionomys.

Haas (1966) described from the Lower Biharian site ’Ubcidiya in Israel (Tchcrnov 1987) 
a new arvicolid species with prim itive dental characters and an uncertain generic as­
signm ent named Ar\-icola (l)jo rdan ica  Haas, 1966. Com parisons o f  its M i m orphology with 
that o f  the representatives o f the Chionomys group indicate a close similarity, especially  
with Ch. roberii. On the other hand, the structure o f M 3 is distinctly different. A lthough  
Tchcrnov (1986) still regards the taxon as a primitive member o f  the genus A n ico la , it 
should be treated rather as a species o f derived A llophaiom ys  (Kocnigswald and Van 
K olfschotcn, 1990) or an ancestor taxon o f  Chionomys species from the Caucasus region.

Towards the end o f  Biharian there appear in Europe 2 - 3  laxa which traditionally were 
included in Chionomys. Two o f  them described from W est R unton (M ajor 1902, H inton  
1923, 1926) arc o f  Cromerian age and represent relatively evolved taxa, both without 
features typical o f  the Chionomys group. The first one, Microtus nivaloides, with characters 
related rather to M. agresiis (Fig. 21), belongs to Microius a n ’alis/agrestis group what has 
already been  suggested by Stuart (1975). It appears to be conspecific with Microtus
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atvaUnus H in lon , 1923 in view o f  the unquestionable m orphological similarity. It confirms 
the earlier opinion o f Van der M culcn (1973) and in consequence the priority o f  the name 
M. nivnloides for arvaloid taxa from West Runton (Nadachowski 1990a). In continental 
E urope in the slightly earlier period (most probably during Nagyhdrsdnyhcgy phase) there
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appcirs a taxon also included by most students in M. nivaloides, however, with m orpho- 
logiicd variation distinctly different from the type W est Runton population. Such materials 
wctrc described for instance from H olicnsiilzcn (Slorch el al. 1973) and Zalesiaki 1A  
(N adichow ski 1990c). The m entioned taxon requires special studies and although it shows 
sonncnivaloid characters in the pattern o f  M i (especially the high frequency o f  m orpholypc 
“guid’) ,  in my opinion it docs not belong to the Chionomys group.

T ic  second taxon from West Runton, traditionally included to Chionomys -  named 
M icrctus nivalinus belongs to M. oeconom ns group (Nadachowski 1990a). It is identical with 
M icron s ratiicepoides, also described from West Runton; they represent one taxon (Stuart 
1975) ancestral to extant Microtus oeconom ns which should be named Microins nivalinus or 
m ore safely M. oeconom ns nivalinus H inton, 1923 (Fig. 24). The primitive ralticcpoid  
variarts appeared earlier ca. 0.8 -1 .1  My BP in the Russian Plain where well stratified sed i­
ments from the Pctropavlovsk or Karai-Dubina stage (corresponding to the end o f Lower 
Bihtarian) arc available (e.g. Markova 1982, 1990). Thus, the root vole (A/, oeconom ns) 
represents a well defined lineage which split from the A ilophaiom ys  general slock  already 
towards the end o f Bctfia phase and/or beginning o f  the Nagyharsnayhagy phase and has 
little  :n com m on with Chionomys (Fig. 24).

T ie  phenom enon o f  overlapping o f  the dental m orphological characters between  
Chionomys, Microtus oeconom ns and to som e extent o f Microtus arvalis/agreslis group 
(Angcrmann 1974, 1984, Nadachowski 1982) led to taxonom ic misunderstandings con ­
sisting in creation o f  new taxa (e.g. Snranontys o f  Chalinc (1972)) or incorrect synonymy 
(e.g. Fejfar and H oraick  1983). The best exam ple o f this problem is a taxonom ic status of 
M icrotus m alei. Hinton (1907a, b) described this species from Clevedon Cave on the basis 
o f  its peculiar dental pattern o f M i. Further studies by Chalinc (1972) confirmed the 
specific rank o f  this taxon which is characterized by a very wide variation including nivaloid 
and ralticcpoid variants. However, Sutcliffe and Kowalski (1976) suggested that M. m alei be 
synonymi/.ed under Ch. nivalis. Crucial for the reconstruction o f phylogenetic relationships 
arc studies o f  M 3 preserved in H inton’s collection. M orphological analysis o f  IS M 3 shows 
that they arc relatively com plicated and belong to the M. eoconom us group (Fig. 22). 
D etailed studies o f M i also confirm a close relation to M. oeconom ns which agrees with the 
opinion o f Stuart (1982), in spite o f high frequency (49.9% ) o f the “nivalis” m orpholypc. 
Differences in the dental pattern o f  both M i and M 3 between M. oeconom ns and M. m alei 
arc, however, sufficient to preserve the chronospccific rank o f  the taxon. The hypothesis o f  
Chalinc (1972) that M. m alei is an ancestor o f  both Ch. nivalis and M. oeconom ns is 
unjustified.

Variation recorded from Clevedon Cave is also com m only found in other British  
localities (including Tornewton Cave and Crayford, studied in the present paper) although  
in most eases the frequency o f  nivaloid variants is distinctly lower. It seem s th a lM  m alei is 
a very good biostraligraphical index fossil for early Upper P leistocene (Ipswichian sensu  
lato) in the British Isles. Rem ains o f voles from continental Europe described by Chalinc 
(1972) under names Microtus m alei noaiilcnsis Chalinc, 1972 from La Fagc, and Microtus 
m alei gennii Chalinc, 1972 from Gigny distinctly differ from British materials. They belong
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lo typical M icroius oeconom us widely distributed in Europe during M iddic and Upper 
Pleistocene.

It seem s that real Chionomys remains appear in Europe and Asia M inor unquestionably  
during M iddle P leistocene in Stcinhcim ian (Terzca 1972, Slorch 1975, Popov 1989) and 
belong lo  Ch. nivalis. They exhibit primitive dental features related to the most primitive 
recent populations o f  Ch. n. leucitriis and Ch. n. lebnm ii and the population from Lalom i 1 
can serve as an exam ple. Since Middic P leistocene the snow vole shows distinct gradual 
changes in dental pattern in som e regions, while in other areas this evolution is not 
observed. These changes in M i consist in the tendency to decrease o f  “lebrunii” and 
“aquitanius” m orphotypcs, increase o f  the typical “nivalis” pattern and relative length o f  
the antcroconid com plex. Such developm ent is observed especially in the Balkan peninsula  
(Nadachowski 1984, Popov 1985,1989).

Interpretation of viinobilily in Chionomys

The high polymorphism  o f dental pattern in recent European Ch. nivalis is probably 
connected with (1) the P leistocene history o f species, (2) isolation o f  particular populations 
during postglacial period and (3) different patterns o f com petition occurring in the m ount­
ainous regions. M iddle and Late P leistocene climatic fluctuations played an important role 
in changing the geographical range o f  the species. Generally speaking, coolings resulted  
probably in widcsprcading o f  Ch. nivalis from m ountainous regions lo  the lowlands. The 
fossil evidence indicates, however, that it docs not leave far from m ountains (Terzca 1972) 
(Fig. 1), most probably because o f its specific ecology. Its distribution is determ ined by 
special adaptation to a pclricolic way o f life (Kratochvil 1956, 1981; Kowalski 1957, Lc 
Louarn and Janeau 1975, Krapp 1982). According lo  KrySlufck and Kovacić (1989) the 
snow vo le is adapted to a cavcrnicolous habitat, with stable, mainly stenotherm al conditions 
manifested also by its hetcrolhcrm ia and alm ost identical energy budgets for winter and 
summ er (Bieńkowski and Marszalek 1974).

The most primitive populations survived in Spain and France (the “lebrunii” group). 
They arc very closely related and form an isolated cluster as far as tooth m orphology is 
concerned. The biochem ical studies justify the separation o f  the m entioned taxa from the 
nom inative subspecies (G raf 1982) and, on the other hand, their closeness. During stadial 
(cool) periods the populations o f  the “lebrunii” group which at present live mainly in 
relatively low altitudes (e.g. M assif Central, Basscs-A lpcs, Cordillera Canlabrica) were not 
forced to change their habitats, although their ranges were probably extended southward. 
Thus, they were able to preserve their primitive character. High m ountain populations, 
however, e.g. Ch. n. nivalis from Alps were displaced lo bordering areas out o f  glaciated  
territories and underwent distinct changes. During postglacial warmings, the range o f  W cst- 
Europcan “lebrunii” group was fragmented into isolates where a suitable cavcrnicolous 
habitat with stenotherm al conditions was preserved, while m ountainous regions o f  Europe 
were rcinvadcd by lowland populations. The analysis o f  dental characters indicate that the 
W estern Alps were colonized by members o f  the primitive W est European “lebrunii” 
group, while Central and Eastern Alps as well as most o f  the Carpathians and the Balkan 
Peninsula were inhabited by already changed derived populations which survived glacial
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periods in lower altitudes or/and in Easl-Soulhcrn Europe. This suposition is confirm ed by 
biochem ical studies (Graf 1982).

In the postglacial the m ountains constituted “continental islands” which acted as 
sp ecialion  traps (Chalinc 1987) and isolated populations o f  Chionomys started to evolve 
independently. In som e eases these sm all local populations underwent dramatic changes in 
short tim e because the geographical isolation brakes the gene flow. For exam ple, the 
population  from the Tatra M ountains (Ch. n. mirhanrcini) is so different from the other 
C hionom ys sam ples that it should  be treated as a separate species as far as dental 
m orphology is concerned. However, only the biochem ical studies could confirm  the level o f  
diversification processes. Peculiar features o f  Ch. n. spitzenbergerae (Nadachowski 1990b) 
caused its earlier wrong assignation to Chionomys gtid  (Spil/cnbcrgcr 1971, Nadachowski 
1990a). Generally, the “northern” high mountain populations - especially from the Alps, 
th e Balkan Peninsula, the Carpathians but also from Caucasus and even Kopet Dag - 
constituting the “nivalis” and “m irhanrcini” groups, arc m ore derived. They inhabited the 
m en tion ed  territories relatively late, in most eases after the retreat o f  glaciers. The 
“southern” populations belonging to the “lebrunii”, “ccdrorum” and “spiizenbergerae"  
groups occupy very often lower altitudes and inhabit areas which never had been covered by 
ice  sheet. They preserved the primitive traits characteristic o f Ch. nivalis from the M iddle 
P leistocene period. The only exception is the m ost southern Chionomys population from 
Lebanon and Anti-Lebanon M ountains (Ch. n. hcrmonis) which is related to the “nivalis” 
group.

C ontrary to the high dental polym orphism  and b iochem ical d iffercn cia lion , the 
karyotype o f  Ch. nivalis is stable consisting o f  54 chrom osom es with 26 pairs o f  acrocentric 
autosom cs in all studied m ountainous regions (Todorovid el al. 1971, Krai 1972, Mcylan 
and G raf 1973, Pcshcv and Belchcva 1979, Dias de la G ardiac/rt/. 19S1, Sablinae/ al. 19SS).

Studies o f  recent Ch. gad  and Ch. robcrii from the Caucasus region show both a close  
relationship in dental morphology between them and a distinct separation from Ch. nivalis. 
This is also confirm ed by karyological dala (Sablina et a!. 19SS). A lthough karyotypes o f  all 
three species o f  snow  voles consist o f  54 chrom osom es, they differ in the structure o f  the 
sm allest pair o f  autosom cs which in Ch. gnd and Ch. roberti is m claccntric while it is 
acrocentric in Ch. nivalis. The occurrence o f  fossil remains o f  both species exclusively in the 
territory o f  their present distribution (Nadachowski and Baryshnikov 1991) suggest the 
Caucasus region or its surroundings as a center o f origin, as already indicated by Steiner 
(1972) and G rom ov and Polyakov (1977).

Conclusions

Studies o f dental variation and evolution o f  the Chionomys group supported by a 
com parison with biochem ical and karyological criteria show  its isolation from Microltts 
(sensu stricto). Its origin can be connected with the event o f  AUophaiomys pliocaenicus 
sp ecialion  during Lower Biharian (what is more probable) or with splitting from an
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unknown ancestor much earlier, may be as early as the P liocene/P leistocene boundary. 
Probably already at the end o f  Lower Biharian Chionomys split into two lineages. The first 
on e appeared and evolved in Europe (Ch. nivalis lineage) while the second is probably o f  
Near East or Caucasus origin (Ch. gad-roberii lineage). A  relict character o f  the taxon, 
especially o f  Ch. nivalis, is manifested by its primitive and stable karyotype, generally 
primitive dental pattern and attachm ent to the stenotherm al habitats. On the other hand, 
its variation in dental characters and biochem ical divergence is connected  with the 
disjunctive character o f its range and different patterns o f  com petition occurring in local 
com m unities. D etailed  studies o f dental characters appeared to be useful for reconstruction  
o f  affinities between particular sam ples comparable in this respect with biochem ical data. 
Five groups o f  populations were distinguished, named: “lebrunii”, “nivalis”, “mirhanrcini”, 
“ccdrorum ” and “spil/.cnbcrgerac”. D ifferences observed in their dental pattern arc 
sufficient for the separation on subspecific level. In the postglacial, the high mountain 
regions o f Europe were occupied by derived populations o f  Ch. nivalis, w hile Western 
Europe (Spain and Southern France) as well as Asia M inor were inhabited by primitive 
populations. Most o f  the fossil taxa traditionally included in the Chionomys group 
appear to belong to M icrotus sensu striclo  (c. g. M. m alei, M. nivaloides, M. nivalinus, 
M. ratticepoides).
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F IG S 8 -2 0 . M ORPIIOLOGICAL VARIATION O F M3 AND Mi.

 ._______________________________________________________________________________________ scc p. 29

Fig. 8. Chionoitiysnifalis, morphological variation of Mi. Two-litcral abbrcvialions rcfcr lo morpliotypcs (scc (lie 
tcxt). 3 -M a d c n  Kóy, Taurus Mis., NIIM W  13292; 6 - Mirador del Asón, Cordillera Cantábrica, MNCN 46; 
7 -  Ramales de la Victoria, Cordillera Cantábrica, ZIB 2714; 9 -  Espinosa de los Monteros, Condi llera Cantábrica, 
MNCN 43; 10 -  Chanac, Massif Central, MNIIN 3S70; 11 -  Larra, Pircnccs, 1PE 72102401; 12 -  Bnrcctonnclic, 
AIps, owl pcllcts, MIINT; 13 -  National Pare Aiques Torta, Pircnccs, 1PE 5S; 15 -  Retezat, Carpatliians, KSZP 
1097; 17 -  Ramales de la Victoria, Cordillera Cantábrica, ZIB 2712; 1S -  Espinosa de los Monteros, Cordillera 
Cantábrica, MNCN 9; 19 -  Volaycrbachlal, AIps, NIIM W  26722; 20 -  Espinosa de los Monteros, Cordillera 
Cantábrica, MNCN 35; 21 -  La Moleta, Confranc, Pircnccs, 1PE 6S091903; 22 -  Mansguntcralpc, AIps, NI IMW 
33490; 2 3 -  Süntis, Appcnzell, AIps, MNHU 6201S; 27-A usso is, AIps, MNI IN 10S3; 2 8 -P ir in , USEB 24; 
30 -  Tauplitzalm, Stcicrmark, AIps, NI IMW 24672; 31 -  Furka Pass, AIps, MBN11 2S447; 3 2 -  Talra Mts, USEB 
6; 37 -  Talra Mis., USEB 175; 38 -  Briancon, AIps, LFS 2252; 39 -  Talra Mts., USEB 76; 40 -  Talra Mis., USEB 
2; 41 -  Barcclonctlc, AIps, owl pcllcts, MI 1NT; 42 -  Tatra Mis., USEB 158; 43 -  Mt. Hermon, Anlí-Lcbnnon Mis., 
ZM TU 5460.
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I'ig. 9 .ChionomysIiirulix. morphological variaiiou <4 M ‘. I - Nunes. M.iNsil Ccntial. MM IN jmw; 2-LLspinosa dc 
los Monlcros, Cordillera Canlabrica, MNCN 12; 3 -  Uarcclonneiic, Alps, owl pellcls, Ml IN I'; 4 -  Morskie Oko, 
Taira Mis., ZHS 57121; 5 -  Si. Golliarii, Alps, UMNII 466267; 6 -  Val Piora, Ticino, Alps, HMNH 50140; 7 -  
Tauplizalm, Sleicrmnrk, Alps. NI1MW 24685; 8 -  Gosscnkollc See. Kiihlai. Alps, NIIM W  31525: 9 -  Ml. I lernion. 
Anti- Lebanon M k I *f! 1

Fig. 10. Ch‘umt>m \\#iJ, morphological vai union nl Mi. 5 -  Kavkaskiy /apuviedm k. ( .m l №  /M U M  78957; 
6 -  Northern Caucasus ZJAS 65162; 7 -  Tebcrda, Caucasus ZMUM 101440; 13 -  Tebcrda , Caucasus ZMUM 
136068; 14 -  Kavkaskiy Zap., Caucasus, ZMUM 207S6; 30 -  Khulcm, Caucasus ZMUM 17796; 37 -  Kavkaskiy 
Zap., Caucasus, ZMUM 20677; 38 -  Kavkaskiy Zap., Caucasus ZMUM 20754; 3 9 -O sclia , Caucasus, ZIAS 32722; 
4 -  Kavkaskiy Zap., Caucasus, ZMUM 20697.



Fig. 11. Chioiiomys gud, morphologic.il 
variation of M '. 10 -  Kobi, Caucasus. 
ZMUM 58130; 11 -  Kavkaskiy Zupo 
vciinik, Caucasus, ZMUM 7933; 12 
Vojcnno-Gruzinskaya Doroga, Caucus 
us, ZMUM 5398; 13-O sclia , Caucasus. 
ZM UM  15554; 1 4 -T cb crila , Caucasus. 
ZMUM 101512; 15 -  Kavkaskiy Zap.. 
Caucasus, ZMUM 20697; 16 -T c b c rih . 
Caucasus, ZMUM 101499; 17 -  Kavkas 
kiy Zap., Caucasus, ZMUM 17806; 18 - 
Kavkaskiy Zap., Caucasus, ZMUM 
7943; 19 -  Kavkaskiy Zap., Caucasus 
ZMUM 20750.

10 oe 11 gu 12 gu 13 gu 14 gu

15 go 16 ro 17 ro 18 ro

8 oe 13 le 14 le 30 ni 31 ni 32 ni 37 gu

38 gu 40 mi 44  gu 45 mi 46 gu 47 gu 52 mi

Fig. 12. ( Vuouo/mwroban , mmplioldgic.il s.iti.ilU'N ol Mi. s  K.iinbusllvvka. Caucasus, /.M UM 17823; 13 — 
Kavkaskiy Zapovicilnik, Caucasus, ZMUM 20781; 14 -  Kavkaskiy /.u p , Caucasus, ZMUM 7924; 30 -  Zakatclskiy 
Zap., Caucasus,Z1AS 37535; 31 -D/.hava, Caucasus,ZMUM 1S332; 3 2 - Súmela, Ua/istanDaglari, BM NI1636118; 
37 -  Bigik, Gircsun Daglari, N11MW 19852; 38 -  Tcbcrda, Caucasus, Z1AS 28685; 40 -  Súmela, Lazislan Daglari, 
BMN11 636129; 44-Shovi, Caucasus, ZMUM 115072; 45 -Scalila, Lazislan Daglari, BM N I1636139; 4 6 -  Súmela, 
Lazislan Daglari. BMNÍ1 636125; 47 -  Osclia, Caucasus, ZMUM 18234; 5 2 -  Súmela, Lazislan Daglari, BMNI I 
636113.
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10 oe 11 gu 12 gu 13 gu 14 Fig. M.C/iiotimnysroberii, morphological 
variation of M3. 10 -  Kavkaskiy Zapo- 
vicdnik, Caucasus, ZMUM 9050S; 11 -  
Kavkas Kavkaskiy Zap., Caucasus, 
ZM UM  20780; 12 -  Kavkaskiy Zap., 
Caucasus, ZMUM 7537; 13 -  Sumcla, 
Lazislan Daglari, ZMUM 18715; 14 -  
Azltavn, Caucasus, ZMUM 1S332; 16 -  
Tehcrda, Caucasus, ZMUM 11507.1; 1 7 -  
Kavkaskiy Zap., Caucasus, ZMUM 
IS322; IS -  Kavkaskiy Zap., Caucasus, 
ZMUM 90509; 19 -  Zakalclskiy Zapo- 
vicdnik, Caucasus, ZIAS 37535; Bigik, 
Giresun Dacian. N1IMW 19350.

1 pi 2 pi 4  pr 5 nu

Fig. 14. (?) Chttnuimys hurgtmduic, morphological variation u[ Mi; all spcciincits Iroin l.cs Valciols, l-'rancc. 1 -  
C STD 8178 (Icfl Mi inverted); 2 - CSTD 8427; 4 -  CSTD S345; 5 -  C STD 8316 (left Mt inverted); 1 0 - CSTDS214' 
13 -  CSTD 8076; 21 -  CS TD 8424; 30 -  CSTD 8379; 35 -  CSTD S407.
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Fig. 15. Microlus malei, morphological variation of Mi; all specimens from Clcvcdon Cave. 3 -  BMNI I 26422 (left 
M i inverted), 8 -  BMN! I 26447, 1 6 -B M N Il 26165. 2 4 -  BMNI I 26472, 25 -  BMNI I 26479, 26 -  BMNI I 264S1 
(holotypc), 35 -  BMNI I 50676.

Fig 16. Microlus mold, morphological variation of M'\ 4 -  Clevedon Cave BMNI I 506S0, 5 -  Tornewton Cave, 
“dilution Slrnlum '' BMNI I unnumhercd, 7 -  Clcvcdon Cave BMNI 1 506S7, 8 -  Crayford BMNI I 3759.

Fig 17. Microlus acconamus, morphological variation of Mi. 3 -  Jazy Biele, NE l’oland ZBS S4S64; 6 -  Jazy Biele 
ZUS 86404; 8 -  Jazy Biele ZBS 84344; 12 -  Jazy Biele ZBS S4S49; 16 -  Jazy Biele SĆ403; 27 -  Choszczewo, N 1’oland 
ZBS 123173; 30 -  Choszczewo ZBS 123635.
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Fig. 18. Microtus occouontus, morphological 
variation of MJ. Alt specimens from Jazy 
Hicie, NF, Poland. 7 -  ZBS 84678; 8 -  ZBS 
84344; 10 -  ZBS 84725; 11 -  ZBS 86421; 
1 2 -  ZBS 68231.

lag. 19. Microtus ttivaloitks, morphological 
variation of Mi. BMNII unnumbered.

48  ag

Fig. 20. Microtus agtcstis, morphological 
variation of Mi. 30 -  Wymiarki, ZBS 
79729; 33 -  Wymiarki, ZBS 79830, 48 -  
Dyrdy, ZBS 88277; 49 -  Dyrdy, ZBS 
88119; 50 -  Wymiarki, ZBS 79732.
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TABLES 4 - 9 .
F R E Q U E N C Y  DISTRIBUTIONS OF THE Mi A N D  M3 

MORPHOTYPES.

TABLES 1 0 -1 6 .
M E A S U R E M E N T S  A N D  R A T I O S  O F  Mi A N D  M3.
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Table 4. Percentage frequency distributions of the Mi morpliotypcs in recent anil fossil Ch. nivalis populations.

Popu­
lation oc Ic ab

Morphotypc 
aq ni mi N

n 1 - 27.6 13.8 27.6 31.0 - 29

n 2 5.6 38.2 19.4 14.4 18.7 2.5 1.2 160
n 3 2.2 36.7 3.3 44.5 8.9 2.2 2.2 90
n 4 1S.4 36.7 2.0 24.5 14.3 4,1 - 49
n 5 17.5 60.2 3.2 3.2 12.7 1,6 1.6 63
n 6 1.6 31.2 9.4 31.2 20.4 6,2 - 64
n 7 1.4 17.4 3.4 15.1 60.5 2.2 - 139
n S - 11.1 2.S 19.4 63.9 - 2.8 36
n 9 - 17.2 - 2S.0 52.6 1.1 1,1 93
nlO 2.5 32.6 2.5 15.0 47.4 - - 40
n i l - 15.0 5.0 32.5 45.0 2.5 - 40
nl2 - - - 21.4 78.6 - - 14
nl3 - 13.8 3.4 17.2 65.6 - - 29
nl4 0.7 1.4 1.4 11.3 S3.1 0.7 1.4 142
nl5 - 6.2 - 6.2 S5.5 2.1 - 48
nl6 - - 1.3 7.9 90.S - 76
nl7 0.5 10.9 0.3 2.S 6S.2 9.9 7.4 741
nl8 14.3 35.7 - - 50.0 - 14
nl9 - 75.0 S.3 - 16.7 - - 12
n20 41.7 33.3 - S.3 16.7 - - 12
n21 - 2.6 - 2.6 92.2 1.3 1.3 76
n23 - - - 14.3 S5.7 - - 49
n24 1.9 1.9 3.S - 92.4 - - 52
n25 - 18.7 - 10.4 70.9 - - 48
n26 - 7.1 - 2S.6 64.3 - - 14
Sub-total 2.2 17.0 3.0 11.8 5S.5 4.5 3.0 2130
nA 0.7 39.2 5.8 22.5 30.4 0.7 0.7 138
nB - 66.7 8.3 - 25.0 - - 12
nC 3.2 67.7 9.7 9.7 9.7 - - 31
nD - 70.0 - 10.0 20.0 - - 10
nE - 42.4 6.1 18.2 21.2 12.1 - 33
nF - 13.0 4.3 30.4 52.3 - - 23
nG - 20.0 - 40.0 40.0 - - 20
nil 3.8 19.2 3.9 53.9 19.2 - - 26
nl 2.9 25.7 2.9 14.3 54.2 - - 35
nJ - 35.7 - 21.5 35.7 7.1 - 14
nK 3.7 25.9 3.7 11.1 51.9 - 3.7 27
nL - 12.7 3.2 14.3 6S.3 - 1.6 63
nM - - - 9,1 90.9 - - 11
nN - 7.5 3.8 15.1 71.7 1.9 - 53
nO 1.8 13.6 1.8 12.3 69.3 1.2 - 162
nP 2.1 7.3 - 1S.7 71.9 - - 96
nR 1.3 13.2 - 13.2 72.3 - - 76
nS 19.1 38.0 - 11.9 28.6 2.4 - 42
nT 26.1 65.3 - 4.3 - 4.3 - 23
nU 2.3 16.5 - 2S.S 50.0 2.4 - 170
nV 2.7 13.5 - 32.4 50.1 - 1.3 74
nW 4.2 8.3 - 33.3 54.2 - - 24
Sub-total 2.7 22.3 2.1 20.1 51.2 1.3 0.3 1163
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Tabic 5. Percentage frequency distributions of the Mi morpholypcs 
in the recent and fossil populations of C h .g td  and Cb.robcni.

Popu­ Morpholypc

lation oc le ni gu mi N

£l 7.5 31.9 4.5 54.6 1.5 66
g2 3.1 32.9 6.2 57.5 - 64
g3 - 5S.4 8.3 33.3 - 12
g4 - 37.5 - 62.5 - 8

Sub-total 4.7 34.7 5.3 54.6 0.7 150

gA 3.2 51.7 3.2 41.9 _ 31
gB 5.5 28.9 5.5 57.9 2.2 90
g c 4.3 13.0 - 78.4 4.3 23
gD 7.6 55.4 3.1 33.9 - 65
gC 2.2 34.8 8.7 54.3 - 46
gF 2.9 31.4 5.7 60.0 - 36
g c 7.7 34.6 3.8 53.9 - 26
gH - 50.0 - 50.0 - 24

Sub-total 4.7 37.8 4.4 52.2 - 341

rl 3.6 4S.2 7.2 41.0 _ S3
r2 1.4 34.7 5.5 45.9 12.5 72

Tabic 6. Percentage frequency distributions of the M i niorpholypcs in 
(?) Chionomys burgondiac.

Popu­ Morpholypc

lation
Pi Pf nu Ic aq ma ni N

bA 9.7 26.5 7.2 33.7 2.4 7.2 13.3 S3
bB 46.5 23.3 4.6 23.3 2.3 - - 43

Total 22.2 25.4 6.4 30.2 1.6 5.5 S.7 126
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Table 7, Percentage frequency distributions of Mi m orp­
hotypes in Microitts occonomus and ,\t. inalci.

Popu­ Morphotypc

lation oc Ic ma gr ni N

ol 59.2 6.1 28.6 _ 6.1 49
o2 69.5 1.7 25.4 - 3.4 59

Sub-total 6-1.9 3.7 26.8 - 4.6 10S

mA 14.8 - 29.3 6.0 49.9 317
niB 30.8 - 46.1 2.6 20.5 39
mC 34.6 - 21.2 9.6 34.6 52

Subtotal 18.9 _ 29.9 6,1 45.1 408

Table 8. 
liotypcs ir

Percentage frequency distributions of Mi morp- 
i Micronts agrcsiis and M. itivaloidcs.

Popu­ Morphotypc

lation ni ar »S CO ex N

al 16.0 46.0 18.0 12.0 8.0 50
a2 14.3 35.6 28.6 4.8 16.7 42

Sub total 15.2 41.3 22.8 8.7 12.0 92

sA 32.9 56.1 3.7 4.9 2.4 S2
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Tabic 9. Percentage frequency distributions of the M3 morphoiypcs in Cliionomys nivalis, Ch. <?«!, 
Ch. robcrii, (?) Ch. burgoiicltac,Microtitsocconomus and M. mold.

Popu­ Morphotypc

lation le mi ni nia lie oc gu ro N

n 1 88.5 _ 11.5 _ _ _ _ 26
n 2 57.9 - 41.2 - - 0.9 - - 114
n 3 57.8 - 42.2 - - - - - 83
n 4 80.8 3.8 15.4 - - - - - 52
n 5 51.9 - 46.3 1.8 - - - - 54
n 6 47.0 - 50.0 3.0 - - - - 66
n 7 37.7 - 61.6 - 0.7 - - - 13S
n S 28.6 - 45.6 22.9 2.9 - - - 35
n 9 40.2 3.4 46.1 2.3 1.1 6.9 - - 87
nlO 28.6 5.7 51.4 11.4 - 2.9 - - 35
n i l 17.5 15.0 60.0 5.0 - 2.5 - - 40
n l2 14.3 - 64.3 21.4 - - - - 14
n l3 25.0 - 70.8 4.2 - - - - 24
n l4 11.0 4.4 61.5 20.9 2.2 - - - 91
nlS 6.5 4.3 60.9 19.7 4.3 4.3 - - 46
nl6 8.9 7.5 55.3 10.4 13.4 4.5 - - 67
nl7 33.9 27.0 12.8 24.8 0.4 1.1 - - 274
nlS 35.7 - 64.3 - - - - - 14
nl9 66.7 - 25.0 8.3 - - - - 12
n20 7.1 - 7.1 78.7 - 7.1 - - 14
n21 17.8 - 52.1 6,8 20.6 2.7 - - 73
n23 12.0 6.0 68.0 8.0 2.0 4.0 - - 50
n24 22.0 4.0 62.0 2.0 4.0 6.0 - - 50
n25 23.4 - 72.4 2.1 2.1 - - - 47
n26 20.0 - 53.4 13.3 13.3 -  . - - 15
nS 50.0 - 50,0 - - - - - 10
nT 9.1 - 9.1 63.6 18.2 - - - 11
S u b to tal 34.8 6.7 44.1 10.2 2.6 1.6 - - 1542

bA 94.1 - 5.9 - - - - - 34

□2 - - - 20.3 - 66.1 13.6 - 59

mA _ 5.5 __ 83.4 ' _ 11.1 _ 18
m!3 - 4.3 4.3 82.7 - 8.7 - 23
mC - 7.3 4.9 65.9 - 21.9 - 41

Sub-total - 6.1 3.7 74.4 - 15.8 - - 82

gl _ . 20.6 55.6 23.S 63
£2 - - - - 33.8 60.1 6.1 65

g3 - - - - - 41.7 5S.3 - 12

Sub-tailal - - - - - 28.6 57.8 13.6 140

r l _ _ _ 22.9 16.9 60.2 S3
r2 - - - - - 12.5 15.3 72.2 72

Sub-loital - - - - - 18.1 16.1 65.S 155



Table 10. Chionomys nivalis and (?) Ch. burgondiae. Measurements and ratios of Mi. See text for explanation of the calculated ratios 2/1,4/3 and 5/1

Code
N OR

1
M SD OR

2/1
M

Parameters

SD OR
4/3

M SD OR
5/1

M SD

1 2 3 4 5 6 7 8 9 10 11 12 13 14

nl 28 2 .7 8 -3 .2 9 2.98 0.15 45 .2-51.1 48.5 2.0 2.3 -  25.6 11.1 6.4 2.6 -1 0 .0 5.2 2.0
n2 112 2 .7 2 -3 .5 6 3.06 0.16 4 2 .9 -52 .7 47.6 1.8 1.4-54.1 18.7 10.0 2.7 -1 7 .7 6.1 2.8
n3 63 2.67 -  3.39 2.97 0.16 4 5 .3 -53 .6 48.8 1.4 1 .1 -4 3 .8 15.0 7.5 3 .5 -1 1 .5 7.0 2.6
n4 49 2 .7 0 -3 .2 6 2.93 0.14 43 .6-50 .5 46.9 1.6 5 .1 -4 1 .9 20.4 8.9 4.7 -1 2 .3 7.7 2.6
n5 60 2 .56-3 .15 2.83 0.13 43 .3 -56 .2 48.5 2.4 6 .2 -4 1 .9 23.7 8.6 2 .2 -1 4 .7 7.0 2.9
no 66 2 .6 3 -3 .0 9 2.89 0.12 44 .6 -5 2 .9 49.3 2.0 1 .2-49 .1 16.4 10.0 2 .1 -1 2 .8 6.8 3.2
n7 130 2 .4 4 -3 .4 3 2.99 0.15 44 .8 -53 .7 49.6 1.8 1 .1 -4 0 .2 11.1 6.4 2 .2 -1 3 .8 8.5 2.7
n8 36 2 .4 4 -3 .1 2 2.89 0.12 45 .9 -5 3 .2 49.4 1.7 2 .2 -2 7 .9 11.3 7.3 3.3 -12 .1 7.9 2.4
n9 86 2 .3 2 -3 .3 9 2.95 0.19 43.5 -  53.5 49.6 1.6 1 .1 -3 0 .3 10.2 7.4 1 .4 -1 3 .3 7.9 2.5
nlO 36 2 .6 0 -3 .4 0 3.12 0.13 46.9 -  55.5 50.0 1.8 2.3 -  30.1 15.2 7.8 3 .3 -1 2 .4 8.9 2.0
n i l 38 2 .71 -3 .24 3.01 0.13 45 .0-51 .5 49.3 1.5 1 .1 -3 1 .8 11.4 7.1 4.1 -  10.7 7.7 1.8
n l2 14 2 .6 6 -3 .1 6 2.90 0.16 47 .2 -50 .9 49.6 1.2 1 .4 -1 4 .3 5.5 4.0 3 .4 -1 0 .5 6.8 2.3
n l3 26 2.60 -  3.20 2.95 0.15 46 .0 -51 .9 48.8 1.6 1 .3 -23 .7 9.8 7.6 2 .0 -1 3 .2 7.1 2.7
nl4 123 2.44 -  3.40 3.01 0.14 43 .5 -54 .7 49.5 l.S 1 .2 -2 5 .0 6,6 4.5 1 .3 -1 2 .6 7.2 2.6
nl5 46 2.70 -  3.32 3.00 0.18 45.4-53.1 49.5 1.9 1 .2 -2 6 .6 7.8 5.9 3 .2 -1 0 .2 7.3 1.6
nl6 70 2.67 -  3.55 3.07 0.15 45 .2-55 .7 49.3 1.8 1 .0 -1 6 .7 6.0 3.5 3.4 -1 0 .6 7.0 1.5
nl7 353 2.32 -  3.28 2.92 0.13 44.2 -  54.5 50.0 1.6 1 .2 -38 .6 11.8 7.8 3 .7 -1 6 .9 10.0 2.4
nlS 10 2.64 -  2.96 2.83 0,12 46 .3 -52 .0 49.2 1.7 2 .7 -3 1 .3 14.4 7.7 5.9 -11 .1 9.0 1.7
n l9 8 2 .68-2 .75 2.71 0.03 46.9 -  52.2 49.1 1.7 IS.9 -  26.3 22.2 2.2 5 .2 -1 0 .9 6.8 l.S
n20 14 2.78 -  3.07 2.90 0.10 42.5 -  49.8 45.8 2.5 5 .3 -4 3 .7 24.0 12.5 ;, 4 .8 -1 3 .5 9.6 2.8
n21 76 2 .52-3 .32 3.00 0.15 44 .3 -52 .9 49.1 1.8 1 .1 -14 .3 6.S 3.5 1 .8 -1 2 .0 7.3 2.0
n22 4 2 .89-3 .13 3.00 0.11 46.0-51.1 4S.8 2.2 3.6 -  8.9 7.2 2.1 8 .6 -  9.7 9.2 0.5
n23 39 2.44 -  2.96 2.74 0,15 46.5 -  53.6 49.6 1.9 1 .2 - 13.9 7,3 3.4 2 .3 -1 2 .7 7.5 2.0
n24 46 2.36 -  2.84 2.61 0.13 47 .5-54 .5 51.0 1.5 2 .6 -2 5 .7 9.5 4.8 3 .7 -1 1 .9 7.5 2.2
n25 45 2.56 -  3.22 2.85 0.18 46.9-52.1 49.8 1.3 2 .6 -27 .S 11.0 5.7 4 .5 -1 4 .1 10.0 2.1
n26 18 2.75 -  3.30 3.01 0.17 4 5 .2 -50 .3 47.6 1.4 2 .2 -  19.2 9.9 5.8 4 .5 -  9.8 7.3 1.3

Sub-total 1596 2 .3 2 -3 .5 0  2.94 0.13 4 2 .5 -56 .2  49.3 1.3 1 .0 -54 .1  11.5 6.4 1 .3 -1 7 .7  7.6 2.3



1 2 3 4 5 6 7 8 9 10 11 12 13 14

nA 136 2.64--3.25 2.91 0.14 44.3--53.3 48.6 1.7 1.3--41.3 14.8 8.0 0.7--14.7 7.9 2.5
пВ 8 2.71--3.05 2.89 0.12 45.4--52.3 47.8 2.3 4.1--10.9 6.5 3.2 4.7--12.6 9.2 2.5
пС 31 2.67--3.18 2.92 0.12 44.0--50.9 47.7 1.7 7.5--44.9 17.2 9.7 6.6--16.0 10.4 2.1
nD 9 2.67--3.26 2.87 0.17 46.5--52.2 48.2 1.7 3.2--28.3 11.9 5.5 2.4-- 9.8 5.8 2.2
пЕ 34 2.65--3.18 2.87 0.12 44.8--52.8 48.0 1.8 2.4--28.3 8.4 7.2 2.2--19.5 7.8 3.4
nF 21 2.52--3.04 2.82 0.13 44.3--50.0 47.5 1.5 1.1 --18.9 8.0 6.1 3.0-- 9.2 6.2 1.8
nG 20 2.48--2.88 2.72 0.12 43.5--51.5 47.7 2.0 4.7--25.0 11.6 6.3 3.4--11.8 8.2 2.0
nH 26 2.60--2.90 2.76 0.09 42.9--51.4 47.8 2.0 2.6--25.0 13.7 5.9 4.3--11.1 7.0 1.5
ni 32 2.40--2 .% 2.77 0.13 45.5--51.5 48.1 1.6 1.4--28.6 11.0 6.6 3.5--12.7 8.3 2.2
nJ 14 2.68--2.98 2.79 0.12 46.3--50.7 48.7 1.1 2.4--32.0 12.7 8.1 3,0--12.7 7.9 3.0
nK 26 2.52--3.20 2.87 0.16 40.5--51.3 48.2 2.3 2.5--34.4 13.3 8.3 4,2--19.2 9.2 3.2
nL 60 2.54--3.12 2.84 0.14 43.7--53.1 48.6 1.9 1.4--47.5 11.1 8.2 3.4--15.7 7.8 3.1
nM 11 2.44--2.88 2.72 0.12 46.2--51.4 48.4 1.4 2.3--16.7 7.8 4.2 7.0--10.1 8.8 0.9
nN 50 2.56--3.18 2.78 0.13 43.1 --51.4 47.2 1.6 1.3--22.5 7.9 5.5 0.7--12.2 5.4 2.8
nO 88 2.64--3.32 2.95 0.15 42.9--50.7 47.3 1.9 1.1--47.0 11.7 7.7 2.5--12.7 7.3 2.2
nP 60 2.52--3.26 2.87 0.17 42.7--52.4 46.8 1.8 1,3--25.0 7.4 5.1 3.1--10.6 7.2 1.9
nR 76 2.56--3.22 2.85 0.15 42.7--51.2 47.3 2.0 2.3--29.7 12.0 6.8 4.3--13.6 9.2 2.0
nS 33 2.70--3.28 2.95 0.19 44.6--50.6 47.6 1.7 5.4--36.1 16.7 9.9 4.2--11.8 7.8 1.9
nT 22 2.34--3.06 2.74 0.18 40.6--48.6 45.5 2.2 10.0--46.9 33.2 9.8 7.2--20.3 11.9 3.2
nU 163 2.45--3.07 2.78 0.13 42.5--52.7 48.1 1.6 - - - -

nV 66 2.55--3.12 2.85 0.15 40.0--50.0 47.7 1.7 - - - -
nW 18 2.55--2.92 2.78 0.11 45.6--51.4 48.5 1.6 - - - -

Sub-total 1004 2.34--3.28 2.85 0.13 40.0--53.3 48.1 1.8 1.1--48.6 12.4 6.8 0.7--20.3 8.2 2.3

ЬЛ 84 2.56--3.15 2.79 0.11 42.3--49.3 45.8 1.6 3.1 --49.3 25.1 9.6 2.2--31.4 11.3 8.7



Table 11. Chinomys gild and Ch. roberri. Measurements and ratios of Mi.

Code

N OR

1

M SD OR
2/1

M

Parameters 

SD OR

4 £

M SD OR
5/1

M SD

gl 64 2 .6 8 -3 .2 4 3.00 0.14 4 5 .6 -5 3 .3 49.1 1.7 9 .3 -4 1 .9 20.4 7.1 7 .4 -1 5 .9 11.4 1.6
S2 62 2.46 -  3.16 2.74 0.15 4 3 .1 -5 2 .3 49.1 1.7 6.8 -  42.4 22.1 6.4 7 .6 -1 5 .3 11.4 2.0
g3 12 2.44 -  2.84 2.61 0.13 44.8 -  50.8 48.2 2.0 12 .5-32.5 22.0 5.9 8 .9 -1 4 .3 10.6 1.4
g4 6 2 .7 6 -3 .0 7 2.89 0.12 4 8 .1 -5 1 .0 49.3 1.2 22.8-30.1 25.9 2.1 9 .8 -14 .1 12.2 1.7

Sub-total 144 2 .4 4 -3 .2 4 2.85 0.14 43 .1 -5 3 .3 49.0 1.7 6 .8 -4 2 .4 21.8 5.6 7 .4 -1 5 .9 11.4 1.8

gA 56 2.5 2 -3 .0 0 2.83 0.10 44.0 -  50.4 47.4 1.5 . _ __ _ _ _

gB 68 2 .6 2 -3 .0 2 2.86 0.10 43 .2 -5 1 .7 47.7 1.7 - - - - - -

gC 16 2.5 2 -2 .9 7 2.74 0.12 4 3 .0 -50 .5 47.7 2.1 - - - - - -

gD 57 2 .50-2 .95 2.73 0.09 42 .2 -5 1 .9 47.9 1.9 - - - - - -
gE 30 2 .6 0 -3 .0 2 2.77 0.11 44 .8 -5 1 .4 48.2 2.0 - - - - - -
gF 23 2 .5 2 -3 .0 0 2.76 0.12 44.3 -  52.2 48.6 2.2 - - - - - -
g o 21 2.55 -  2.92 2.72 0.10 45.0 -  49.6 47.8 1.1 - - - - - -
gH 22 2.4S -  2.96 2.70 0.13 47 .1 -5 1 .6 49.0 1.5 _ - - -

Sub-total 293 2.48 -  3.02 2.78 0.10 42 .2 -5 2 .2 47.8 1.8 - - - - - -

rl 81 2 .7 2 -3 .4 0 3.03 0.18 46.4 -  53.8 50.6 1.5 4.9 -  3S.5 23.1 7.1 6 .0 -1 5 .3 11.1 1.9
r2 72 2 .93-3 .45 3.22 0.15 46.7 -  54.6 50.9 1.6 9.5 -  3S.2 21.6 6.3 5 .8 -1 4 .5 10.3 1.9

Sub-total 153 2.72 -  3.45 3.11 0.16 46.4 -  54.6 50.7 1.5 4 .9-3S .5 22.2 6.S 5 .8 -1 5 .3 10.8 1.9

rA 21 2.87 -  3.25 3.06 0,09 4 4 .3 -53 .7 49.5 2.4 _ _ _ _ _ _

rB 10 2 .90-3 .25 3.06 0.11 45.8 -  53.4 50.2 1.9 - - - - - -

Sub-total 31 2.S7 -  3.25 3.06 0.10 44 ,3 -5 3 .7  49.7 2.0



Table 12. Microtus oeconomus and Microtusrnalei. Measurements and ratios of Mi.

Parameters

Code 1 2/1 4/3 5/1

N OR M SD OR M SD OR M SD OR M SD

ol 49 2 .72-3 .29 2.95 0.12 4 3 .5 -51 .7 47.9 1.8 15 .8-43 .7 30.5 5.9 5 .6 -2 7 .3 21.0 4.5

o2 59 2 .61-3 .17 2.84 0.12 4 4 .7 -50 .5 47.8 1.3 17 .3-50 .0 33.0 6.1 5 .4 -3 0 .4 19.9 5.9

Sub-total 108 2.61 -  3.29 2.89 0.11 43 .5 -5 1 .7 47.8 1.5 15 .8-50 .0 32.0 6.0 5 .4 -3 0 .4 20.2 5.1

mA 58 2.75-3 .39 3.07 0.15 48.8 -  56.7 52.1 1.6 2.3 -  44.8 17.8 10.6 6 .2 -2 3 .6 10.7 4.1
mB 29 2.73-3 .26 2.89 0.13 46.4 -  52.4 49.9 1.6 3 .0 -3 9 .0 19.3 9.1 5 .2 -24 .1 11.8 4.7
mC 52 2.63-3 .26 2.87 0.14 48.4 -  54.6 50.9 1.6 1 .3 -4 2 .2 11.6 11.6 3 .9 -2 5 .9 12.4 6.7

Sub-total 139 2 .63-3 .39 2.93 0.14 46.4 -  56.7 51.0 1.6 1 .3 -4 4 .8 15.3 10.3 3 .9 -2 5 .9 11.7 5.2

Table 13. Microtus aiycstis and Microtus nivaloidcs. Measurements and ratios of Mi.

Parameters

Code

N OR

1

M SD OR

2/1

M SD OR

4/3

M SD OR
5/1

M SD

al 30 2.84 -  3.24 2.98 0.16 49.2 -  5S.7 53.2 1.9 1 .4 -6 .2 3.1 1.1 2.8 -  9.2 6.4 1.6
n2 34 2 .68-3 .37 2.95 0.14 49.6 -  57.2 53,0 1.6 1 .6 -6 .9 3.5 1.4 3 .7 -9 .3 6.4 1.6

Sub-total <>4 2.6S-3 .37 2.96 0.15 4 9 .2 - 5S.7‘ 53.0 1.7 1 .4 -6 .9 3.4 1.2 2 .8 -9 .3 6.4 1.6

sA 74 2.30 -  2.97 2.62 0.13 47.1 -5 5 .1 50.5 1.7 2.7 -  18.2 5.1 8.9 2 .9 -1 0 .9 6.5 1.9
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Tabic 14. Chionomys nivalis and (?) Ch. btirgoruiiac. Measurements and ratios of M3.

Code

N
1

OR М SD

Parameters

2/1
OR M SD

3

OR M SD

n 1 24 1 .96-2 .50 2.14 0.15 3S.7 -  48.2 43.1 2.3 0.26 -  0.40 0.32 0.04
n 2 112 1 .72-2 .44 2.18 0.13 34.9 -  50.9 44.5 3.1 0.25 -  0.50 0.34 0.05
n 3 80 1 .78-2 .48 2.09 0.15 41 .4-50 .9 46.2 2.3 0.29 -  0.52 0.3S 0.05
n 4 52 1 .85-2 .30 2.07 0.11 41 .3-50 .7 45.1 2.2 0.26 -  0.48 0.37 0.05
n 5 53 1 .85-2 .30 2.04 0.16 35 .7-50 .0 45.5 2.6 0.30 -  0.50 0.36 0.04
n 6 61 1 .70-2 .33 2.07 0.14 33.3-51.1 45.2 3.0 0.30 -  0.50 0.36 0.05
n 7 130 1.70 -  2.45 2.12 0.15 42 .6 -51 .6 45.6 2.8 0.28 -  0.4S 0.35 0.05
n 8 35 1.96-2 .50 2.16 0.14 42.0 -  60.S 47.5 2.8 0 .2 0 -0 .5 2 0.37 0.06
n 9 85 1 .78-2 .44 2.11 0.17 35.3 -  52.8 46.4 3.2 0.24 -  0.58 0.37 0.06
nlO 35 1.87-2.41 2.20 0.12 40 .2-51 .5 47.1 2.8 0.26-0 .51 0.37 0.06
n i l 38 1.98-2 .44 2.20 0.12 39.1 -  50.9 47.1 2.7 0.32 -  0.50 0.40 0.06
n l2 14 1.96-2 .27 2.14 0.10 44 .9-50 .9 48.5 1.9 0 .2S - 0.47 0.40 0.05
n!3 22 1 .84-2 .48 2.09 0.21 39.1 -  49.0 44.3 2.9 0 .26 -0 .46 0.35 0.06
nl4 84 1.72-2 .54 2.11 0.16 40 .2 -52 .2 46.7 2.7 0.22-0 .54 0.36 0.07
nl5 46 1 .82-2 .52 2.14 0.1S 43 .0-54 .7 47.8 2.4 0.30 -  0.58 0.40 0.07
n ić 58 1 .80-2 .62 2.20 0.1S 3 9 .7 -51 .7 47.3 2.3 0.29 -  0.60 0.39 0.07
nl7 261 1 .76-2 .40 2.13 0.15 3S.9 -  53.9 4S.0 2.6 0.28 -  0.54 0.39 0.05
nl8 10 1.90-2 .28 2.13 0.10 41.7-47.1 44.9 1.7 0.30 -  0.36 0.33 0.02
n19 8 1.70-2 .04 1.93 0.12 4 4 .7 -51 .0 47.6 2.1 0.28 -  0.36 0.34 0.03
n20 14 1.84-2 .30 2.02 0.17 47.3 -  55.3 51.3 1.9 0.29 -  0.50 0.42 0.06
n21 74 1.81-2 .40 2.14 0.13 43 .9-52 .5 47,9 2.1 0 .30 -0 .60 0.39 0.06
n22 4 1.87-2 .20 1.96 0.0S 4 8 .1 -52 .3 50.3 2.1 0.32 -  0.36 0.34 0.02
n23 46 1.68-2 .20 1.95 0.14 41 .7-51 .0 46.1 2.2 0.22-0 .44 0.33 0.05
n24 46 1.52-2 .12 1.85 0.15 42.7 -  53.3 48.2 2.7 0 .24 -0 .46 0.32 0.05
n25 41 1.61-2 .24 1.94 0.16 39 .8-52 .0 46.6 2.4 0.26 -  0.40 0.3t 0.03
п26 18 1.90-2 .53 2.17 0.24 45 .2 -54 .6 49.0 2.6 0.36-0 .51 0.43 0.04

Sub-total 1451 1.51-2 .62 2.11 0.16 33 .3-60 .8 47.0 2.5 0 .22 -0 .60 0.37 0.05

nS 10 1.84-2 .20 2.03 0.13 40.4 -  50.0 44.9 3.1 0.30 -  0.38 0.34 0.03
nT 11 1 .84-2 .22 2.08 0.13 42.3 -  52.7 48.0 3.5 0 .2 8 -0 .6 0 0.46 0.12

ЬЛ 34 1.48-2 .07 1.76 0.12 3 6 .5 -44 .9 41.2 2.3 0.26 -  0.42 0.35 0.04



Syslcmalics and cvolulion of Chionomys 

Tabic 15. Chionomysgttd and Ch. robcrii. Measurements and ratios of M3.
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Parameters

Code 1 2/1 3

N OR M SD OR M SD OR M SD

gl 62 2 .20-2 .88 2.49 0,17 53 .2 -63 .6 5S.3 2.4 0.62 -  0.92 0.76 0.07
g2 59 2.00 -  2.76 2.35 0.15 54 .2 -60 .3 57.7 1.7 0.58 -  0.80 0.71 0.04
g3 12 2 .08-2 .40 2.24 0.12 56.6 -  60.3 5S.4 1.3 0.60 -  0.76 0.67 0.05
g4 6 2.16 -  2.66 2.32 0.20 55 .1-61 .5 5S.8 2.8 0.61 -  0.86 0.75 0.10

Sub-total 139 2.00 -  2.88 2.39 0.16 53 .2 -63 .6 58.2 2.0 0 .5 8 -0 .9 2 0.72 0.06

r l 82 2 .12 -2 .84 2.51 0.16 50 .7 -63 .9 58.4 2.5 0.65 -  0.S8 0.78 0.06

a 72 2 .20-2 .92 2.63 0.16 52 .3 -6 4 .8 59.0 2.9 0 .6S-0 .98 0.83 0.06

Sub-total 154 2 .1 2 -2 .9 2 2.55 0.15 50.7 -  64.8 5S.6 2.7 0.65 -  0.98 0.79 0.06

Table 16. M kroius occonomus and M. malet. Measurements and ratios of M3,

raram clcrs

Code

N OR

1

M SD OR

2/1

M SD OR

3

M SD

o2 59 1.81-2.31 2.09 0.11 44.4 -  56.8 52.0 2.2 0 .5 1 -0 .7 2 0.61 0.05

mA 18 1.81-2 .34 2.01 0.17 46.6 -  55.7 51.2 2.5 0 .41 -0 .59 0.51 0.06
mB 23 1.84-2 .30 2.01 0.10 44 .8 -54 .6 4S.S 2.3 0.36 -  0.63 0.50 0.07
mC 39 1.88-2 .53 2.12 0.16 46.3 -  60.2 51.3 3.0 0 .41 -0 .66 0.53 0.06

Sub-total so 1.S1 -2 .5 2 2.05 0.14 44 .8 -60 .2 50.8 2.4 0 .3 6 -0 .6 6 0.52 0.06


