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Analysis of dental characters of Chiononys supported by a comnparison with biochemical and
karyological criteria shows its isolation from Microtis (sensu stricto}. Snow voles {Chionomys)
consist of 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. roberti-gud lineage). Vanation in dental characters of extant Ch. nivalis
permit to reconstruct affinities between particular populations comparable in this respect with
biochemical data. Fossil species traditionally included in the Chiononriys group (Microtus malei,
M. nivaloides, M. nivalinus, M. ratticepoides) seem to belong to Microtus sensu stricto.
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Introduction

Tecth have long been intensively studicd by palacontologists because they have great value
in the identification of species and the investigation of variability, microevolution and phyletic
relationships. Abundant fossil record of voles (Arvicolidae) from Ouaternary scdiments of
Eurasia and North America discovercd in last decades (see Fejfar and Heinrich 1983,
Zakrzewski 1985, Repenning 1987 for summary) provide the opportunily to reconstruct their
variation, speciation and phylogeny more precisely. The major changes in the arvicolids that
have been documented from the fossil materials involve changes in the cheek teeth (My and
Mg). Although factors regulating the interspecific variation and evolution of arvicolid tooth
complexily are rclatively well recognized (Guthrie 1971, Chaline 1987), the mechanisms of
intraspecific variation on a population lcvel are still insufficiently known and poorly
understood, particularly in comparison with comprehensive studies based on karyological and
biechemical data. Information obtained from geographical variation of dental characters seems
to be a suitable technique 1o reconstruct the taxonomic relationships on the subspecific level
comparable in this respect with the biochemical methods.

Among arvicolids the genus Microtus (sensu lato) is the most diversified recent group of
voles (Corbet and Hill 1986). Tis origin is probably rclated with the first important coolings
of the climate tn the Northern Hemisphere, which 1ook place about 2.0 + 0.4 m.y, BP (cf.
Zagwijn 1983) and was presumably manifested by the appearance of widely distributed
open {7 steppe) cnvironmends. There is a common agreement among  palacontologists that
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Table 1. Recent matcrials of Cliionomys nivalis, Ch. gud, Ch. roberti, Microtts occonomus amd M., agresiis used for
the study. N - number of specimens examined.

Codc Population N Geographical region No. of
siles
n 1 Ch. nivalis ssp. 29 Sicrra Nevada, Spain 6
n 2 Ch. nivalis abulensis (Morales Agacino, 1936) 160 Sicrra de Gredos and Cordillera Canlabrica, 8
Spain
n 3 Ch. nivalis aquitanius (Miller, 1908) 90 Pyrences, Spain and France 12
n 4 Ch. nivalis lebrunii (Crespon, 1844) 49 Massit Central, France 5
n 5 Ch. nivalis leucurus (Gerbe, 1852) 63 Basses Alpes and Alpes Maritimes, [France 4
n 6 Ch nivalis nivalis (Martins, 1842) 64 Western Alps {Massil du Pelvoux), ['rance 5
n 7 Ch. nivalis nivalis (Martins, 1842) 139 Woestern Alps, Ttaly and Switzerland 24
n 8 Ch. nivalis nivalis (Mantins, 1842) 36 Southern Alps (vicinity of Garda Lake), Ttaly 5
n 9 Ch. nivalis nivalis (Martins, 1842) 93 Central Alps, BRD and Auwstria (Tirol) 17
nld Ch. nivalis mivalis (Martins, 1842) 40 Lasicrn Alps (Nicdere Tauern), Austria 3
nll Ch. nivalis nivalis (Martins, 1842) 40 Lastern Alps (Dolomites and Kiirnten), laly 5
and Ausltria
nl2 Ch. nivalis wagreeri (Martino, 1940) 14 Julijske Alpe, Yugoslavia 3
nl3 Ch. nivalis cf. malyi (Bolkay, 1925) 29 Macedonis, Yugoslavia 4
nl4 Ch. nivalis aleco (Paspalev, Martino, 142 Vitosha, Rila, Pirin, Rhodope, Bulgaria 11
Preshev, 1952)
nls Ch. nivalis ulpius (Millcr, 1908) 48 Southgrm Carpathians, Romania 5
nl6  Ch. nivalis uipius (Miller, 1908) 76 Eastern Carpathians, Romania and USSR 12
nl7 Ch. nivalis mirhanreini (Schiiler, 1935) 741 ‘Tatra Mts,, Czechoslovakia, Poland 19
n18 Ch. nivalis olympius (Ncuhiiuser, 1936) 14 Ulu Dag and lligaz Dag, Turkey 2
nl9 Ch. nivalis cedronun (Spilzenberger, 1973) 12 T3ey Dag, Turkey 1
n20  Ch. nivalis spitzenbergerac Nadachowski, 1990 12 Bolkar Dagilari, Middic Taurus M., Turkey 2
n2l Ch. nivalis hennonis (Miller, 1908) 76 Anti-Lebanon, Lebanon Mis., Iseact, Syria, 3
Lebanon
n22 Ch. nivalis pontins (Miller, 1908) 4 Gircsun and Lazistan Daglari, Turkey 1
n23  Ch. nivalis irialeticus (Shidlovskij, 1219) 49 Transcaucasia, USSR 10
n24  Ch. nivalis laginovi (Ognev, 1950) 52 Caucasus Mts,, USSR 7
n25 Ch. nivalis demeniovi (Liepiner, 1939) 48 Kopct Dag, USSR 4
n26 Ch. nivalis ssp. 14 Tlburz, Zagros Mts. (Zardch Kuh), Iran 3
Sub-total 2134 181
gl Ch gud nenjukovi (Formosov, 1931) 66 Western Caucasus Mis., USSR 3
g2 Ch. gud gud (Satunin, 1909) 64 Central Caucasus Mis., USSR 10
g3 Ch gud lehesicus (Shidlovskij, 1919) 12 Eastern Caucasus Mis., Dagestan, USSR 1
g4 Ch. gud lasisianins_ (Neuhiuscr, 1936 ) 8 Lazistan Daglari. Turkey 2
Sub-total 150 16
rl  Ch. robenii occidenialis (Turov, 1928) 83 Caucasus Mis., USSR 10
r2  Ch. roberti roberti (Thomas, 1908) 72 Giresun, Trabzon and Lazistan Daglari, 5
Turkey
Sub-tolal 155 15
ol M. occonomus (Pallas, 1776) 49 Choszcrewo, Poland 1
02 M. occonomus {Paltas, 1776) 5% Jazy Bicle, Poland 1
Sub-total 108 2
al M. agrestis (Linnacus, 1761} 50 Dyrdy, Poland 1
a2 M. agrestis (Linnacus, 1761) 42 Wymiarki, Poland 1
Sub-lotal 922 2
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the ancestral form - Allophaiomys Kormos, 1933 (treated in most cascs as subgenus of
Microtusy differentiated into main phyletic lincages in Eurasia alrcady during Biharian in
the uppermost Betfia and Nagyhdrsanyhegy phascs (ca. 1.0 % 0.2 m.y. BP) (Chalinc 1966,
1972, Van der Meulen 1973, Horddek 1981, Rabeder 1981). Snow voles (Chiononiys Miller,
1908) arc onc ol the earlicst groups of this speciation event (Fejlar and Horddek 1983).

Taxonomic status of Chionomys is still controversial. Corbet (1978) and Krapp (1982)
included snow voles in Microms preserving sub-generic status for them, while Russian
authors treated Chionontys as a scparate genus (Gromov and Polyakov 1977, Pavlinov and
Rossolimo 1987). The latter opinion has been confirmed by cranial (Pictsch 1980),
karyological (Agadzhanian and Yatsenko 1984) and biochemical studies which show that
genetical distance between Chionontys  and Microrus is cven larger than that between
Arvicola and Microtus (Gral and Scholl 1975, Gral 1982).

Recent Chionomys consists of three species: Ch. nivalis (Martins, 1842), Ch. gnd
(Satunin, 1909y and Ch. reberii (Thomas, 1908). They inhabil mountain regions of Europe,
Asia Minor and some other paris of Western Asia (Lebanon and Anti-Lebahon Mis,,
Trancaucasia, Zagros Mis,, and Kopet Dag) (Figs 1, 2). Among the fossil taxa, those
traditionally included in the Chionomys group arc: Microts nivaloides Forsyth Major, 1902,
Micromis nivalinus Hinton, 1923, Microtus malei Hinton, 1907 and somctimes Microfus
ratticepoides Hinlon, 1923 (Chaline 1972, Fejfar and Horidck 1983).

This study reviews the fossil and recent taxa ol the Chionomys group. Dental mor-
phology was uscd as the main taxonomic criterion. The systemaltics, variagtion and cvolution
of snow voles is discussed, on the basis ol palacontological, morphological and biochemical
data.

Material

Recent materials examined comprise skulls and wceth of: (1) Chionomys nivalis represented by 18 subspecics
(26 populations) originated from its whole modern range {Table 1, Vg, 1); (2) Chionanny gud which consists of
4 subspecics (Table 1, Tig. 2); (3) Chionotys roberii represenied by 2 subspecics (Table [ Vg, 2); (4) Microms
occonamus (Pallas, 1776} comprising Z populations from N. Polind {Table 1); and (5} Microtis agrestis (Linnacus,
1761) which includes 2 popukntions (rom Poland (Table 1).

[Fossil materials (mainly isolated M) besides samples of the genus Chionomns, ic. (1) Ch. nivalis (22
populations, Table 2); (2) Ch. gud (8 populations, Tible 2); and (3) CA. roberti (2 populations, Table 2) comprise
the following taxa : (4) “Microtus™ burgondiac (Chaline, 1972) (2 populations) (Table 2); (5) Microns malei (3
poepulations) (Table 2} and (6) Microtus nivaloides (1 type population) (Table 2).

The skulls and teeth examined belong to the collections of LEstacion Biologica de Donana, Scvilla (abre-
viaions in brackets, EBD); Musco National de Cicncias Naturales, Madrid, (MNCNY); Institute Pirenaico de
Lcologia, Jaca (IPE); Sociedad de Ciencias Naturales Aranzidhi, San Scbastiin (SCNAY; Muscum d° Tlistorie
Nawurclle, Toulon (MIINT); Laboratoire de la Faune Sauvage, Jouy-en-losas (LI'S); Centre des Scicnces de Ia
Terre, Université de Bourgogne, Dijon (CS'11D); Muscum National ¢ 1istoire Naturelle, Paris (MNEINY); Musco
Civico di Storia Naturale "Giacomo Doria”, Genova (MSNG); Musco Zoologico de “La Specola”, Firenze
(MZS8); Muscao Civico di Storia Naturale, Verona (MCSN); Institut Royal des Sciences Naturelles de Belgique,
Bruxclles (JRSNY; British Muscum (Natural TTistory), London (BMNITY; FHarrison Zoological Muscum, Scven-
oaks (1 IZM); Baycerische Staalssammiung fitr Paliontologic und Historische Geologic, Minchen (BSI'G); Zoolo-
gisches Forschungsinstitut und Muscum Alexander Koenig., Bonn (MAK); Zoologisches Institut der Universitiil
Bonn, (ZIB); Forschungsinstitul Senckenberg, Frankfurt am Main (FIS); Muscum fiir Naturkunde der Humboldt-
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Fig. 1. Distribution of Chiononns nivafis [after Corbet (1978) and Krapp (1982), complemented] and lacation of fossil sites discussed in the text. 1 — Erralla,
2 —Cantet, 3 — Cottier, 4 — La Garenne 1. 5 - Les Valerots, 6 — Wcinbcrwhol:lcn. 7= Kemathenhohle, 8 — Zkamdénely Zamek, 9 — Ryltifska Cave, 10 — Srbsko-Nad
Katikem Cave, 11 - Maitalnd Cave, 12~ Mecha Dupka Cave, 13 - Bacho Kiro Cave, 14 - Borodino, 15~ Latomi 1, 16 — Karain B, 17— Tcherdjenitsa 2,
18 — Clevedon Cave, 19 - Craylord, 20 - Tornewton Cave, 21 — West Runton.
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Fig. 2. Distribution of Chionomys gud and Chionomns roberti (alicr Shidlovskij, 1976, complemented) and localion
of fossil sites discussed in the text. Lined surlace indicates sympalric occurrence of Ch. gud and Ch. roberii.
1 - Matuzka Cave, 2 - Mczmajskaya Cave, 3 — Monasheskaya Cave, 4 - Treugolnaya Cave, 5 — Myshiulagtylagat
Cave, 6 — Kudaro Cave 1.

Fig. 3. Terminolugy ot the occlusal surfaee clements employed Tor the tirst losver (M) amd the third upper (M")
molars in voles (afler Van der Meulen, 1973). AC = anterior cap; Al = anterior lobe; BRA = bucal re-cntrant
angle; BSA = buccal salient angle; LRA = lingual re-cntrant angle; LSA = lingual salicnt angle; PC = posterior
cap; PL. = postcrior lobe.

Universitat zu Berlin, (MNIIUY); Nalional Muscum of Natural History, Budapest (MNI1); Naturhistorisches
Muscum Wien (NHMW); Institute of Geology and Geotechnics, Czechoslovak Academy ol Scicnces, Praha
(UGG), Instituie of Systematic Zoology, Charles University, Praha (KSZ1); Institute of Systematic and Leological
Biology, Czechoslovak Academy of Sciences, Brno (USLER); Institut of Systematics and Evolution of Animals,
Polish Academy of Scicnces, Krak6w (ISEZ); Mammal Rescarch Insiitule, Polish Academy of Sciences,
Bialowicza (ZBS); Zoological Institut, Bulgarian Academy of Scicnces, Sofia (ZIS); Zoological Inslitute, Academy
of Scicnces of the Ukrainian $.5.R., Kicv (ZIUA); Zoological Muscum of the Lomonaosov Siate University,
Moscow (ZMUM); Zoological Institutc of Academy of Scicnees of the U.SS.R., Leningrad (Z1AS); Zoological
Muscum of Tel-Aviv University, Tel-Aviv (ZMTU); Regional Nature and Eistory Muscum, Ussishkin 1ouse,
Dan, Israel (UID).



Table 2. Fossil materials of Chionomys nivalis (n), Ch. gud (g), Ch. rebersi (1), (?) Ch. burgondiae (b), Microtus malei (m) and M. nivaloides (s). N - number of specimens
examined. Absolute datings in years BP.

Codc Locality and geographical region N Layer Stratigraphy Absolute datings References
1 2 3 4 5 6 7
nA  Erralla (Cestona, Guipuzcoa Prov., Spain 138 levelsVland V Older Dryas 16270+ 240 -15740+ 240 Peman 1985
(3 dates)
nB  Cantet (Espeche, Hautes Pyrenees, France) 12 trench 7 Allered/Younger Dryas 10920160 Clot er al. 1984
nC Cotlier (Retournac, Massif Central, France) 31 levels IV and J1I Cottier 211002600—19830+520 Chaline 1976
(2 dates)
nD  La Garcenne 1 (Cote-d'Or, France) 10 layers Cand pl Weichselian 37 - Chaline 1972
nE  Renne and Bison Caves (Yonne, France) 33 layers X|, RGS, H Arcy Interglacial 317002950 ~28400% 850 Chaline 1972,
(3 dates) Brochet, unpubi,
nF  Weinberghdhlen(Mauern, BRD) 23 layer D Denekamp Interstadial 28265+325 Koenigswald 1974
nG Kemathenhohle (Kipfenberg, Bavaria, BRD) 20 layerseand d Middle Weichselian 439203880 Koenigswald 1978
nH Kemathenhéhle (Kipfenberg, Bavaria, BRD) 26  layerscand b2 Middle Weichselian 33383+933 Koenigswald 1978
nl  Kemathenhéhle (Kiplenberg, Bavaria, BRD) 35 layersbrandb Denckamp Interstadial 30910+660—30084+600 Koenigswald 1978
(2 dates)
n]l  Zkaménely Zimek Cave (N-Moravia, 14 - Weichselian 2/3 ? - Horié&ek and Sanchez
Czechoslovakia) Marco 1984 (1)
nK Rytirskd Cnve (8-Moravia, Czechoslovakia) 27 - Weichsclian 3 ? - (1
nl. Srbsko-Nad Kn&ikem Cave (Central Bohemia, 63 - Pleniglacial - (1)
Crechoslovakia)
nM - Maitalnd Cave (SE-Slovakin, Czechoslovikiny 11 layers 1315 Late Weichsclian )
nN  Mecha Dupka Cave (W-Balkan Mis., Bulgaria) 53 upecrmeost layer Pleniglacial - Popov 1984, 1985
n0  Bacho Kire Cave (Gabrovo, Balkan Mts., Bulgaria) 162 layers 14-11 En;%;g;?;%{;hm’ Nadachowski 1984
Lower keniglacial (2 dntes)y
nl*  Bacho Kiro Cave (Gabrovo, Balkan Mis., Bulgaria}) 90 layoers 10-4b Middle Weichselian 32700£300~29150+950  Nadachowski 1984
(2 dutes)y
ni  Bordino, Smotian Dist., Rhodope Mis.. Bulgaria) 76 - Holocene Popov, pers, comm.
ns  Latemi 1. Chies, Greece 42 - Middie Pleistocene ? - Storch 1975
'l Karin 3, Antalya, Turkey 44 layers 32-17  Pleniglacial and Late Glacial 141602210 Storch 1988
nl  Mermajskaya Cave, North, Caucasus Mts, USSR 170 liver 2b Early Weichsclian - Nadachowski and
Baryshnikov 1991 (2)
nV  Mezmajskiva Cave, North. Caucasus Mis,, USSR 74 layers 2-2a Middle Weichsclian - @)
nW  Monasheskava Cave, North. Caucasus Mis., USSR 24 lawvers 2-4 Middle Weichsclian - (2)

Sub-tatal
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gA  Matuzka Cave, Norih. 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 Weichselian - 2

£C  Matuzka Cave, North, Caucasus Mts., USSR 23 layers 4-3 Middle Weichsetian - {2)

gD Treugolnaya Cave, North. Caucasus Mts,, USSR 65 layers 2e-2i Middle Pleistocene - 2

gE  Treugolnaya Cave, North. Caucasus Mts., USSR 46 layers 2d-2b Early Weichselian - (2)

gF  Treugolpaya Cave, North. Caucasus Mts,, USSR 36 layer 2a [.ate Weichselian - (2)

gG  Myshwulagtylagat Cave, North. Caucasus Mts., 26 layers 4-9 Middle Weichselian 329801070 2)

USSR

gH Kudaro Cave 1, South. Caucasus Mts., USSR 24 layers 3-4 Early/Middle Weich- 44150=2400 Baryshnikov and
selian Baranova 1983

Sub-lotal 344

rA  Matuzka Cave, North. Caucasus Mts., USSR 23 layers 6-7 Eemian ?-Early Weich- - (2)
selian

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

Sub-total 37

bA  Les Valerots, Cote-d’Or, France 83 unit 2 Lower Pleistocene, - Chaline ct al. 1985

bB  Tcherdjenitsa 2, Karlukovo Balkan Mis.,

43 red dry clay

Menapian
Lower Plcistocene

Papov pers. comm.

Bulgaria Betlia phase
Sub-lotal 126
mA  Clevedon Cave, Somerset, England 333 - Ipswichian (sensu laro) - Sutcliffe and
Kowalski 1976 (3)
mB  Crayford, Kent, England 62 - Ipswichian (scnsu laro) - ()]
mC Tornewton Cave, Devon, England 93 Glution Stritum Ipswichian (sensu igro) - (3)
Sub-total 490
sA West Runton, Norlolk, England 82 Upper Freshwater Cromerian - 3

Bed
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Fig. 4. Characters of Mj and M? occlusal surface amalyzed. For detailed explanation see Table 3.

“Table 3. Characters analyzed in the occlusal surface of My and M,

State of charcters

No Characters
1 2 3
My
1 Conflucnce of T4 and TS broad nirrow scparation
2 Confluence of TS and T6 broad narrow scparation
3 Dcvelopment of BSA4 abscnl incipient developed
4 Development of LSAS abscnt incipicnt developed
5 Dcvelopment of BRAY abscnt incipicnt developed
6 Conflucnce of T6 and T7 broad niurrow separation
7 Development of Mimomys-ridge on BSA4 abscnl incipicnt developed
8 Development of LRAS abscnl incipicnt developed
9 Development of BRAS absent incipient developed
MJ
1 Confluence of T4 and TS Lroad TOW scparation
2 Development of BSA4 absent incipicnt developed
3 Development of LSAS absent incipicnt developed
4 Development of BRA4 abscnt incipicat developed
5 Development of LRAS absent incipicnt developed
o Development of LSAG absent incipicnt developed
Methods

Marvphatype analysis

Van der Meulen (1973) introduced the terminology employed for the morphology of the occlusat surface of
tecth (I'ig. 3). Morphological variability of dental pattern of first lower molars (M1) and third upper molars (M3)
was studicd according (o the method proposcd by Nadichowski (1990a). On cach adult speeimen of Mj nine
marphological characters were recorded, They referred 1o the structure and size of particular triangles and
re-entrant angles as well as the manner of conflucnce of triangles (Fig. 4). Characters show three states marked
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Fig. 5. Examples of the My (1 - 6) and m? (7 - 12) patterns in voles described using the numericak formuli method.
1-112211100,2-312211121,3-333311111,4 - 333322321, 5 - 323322121,6~ 313333121,7~ 111000, 8 - 311000
9-312121,10-323221, 11 - 333321, 12 -333233.

v

with numcral 1, 2 or 3 according to their formation (Table 3). Lack of a given structure is indicated by “07. On
the basis of such analysis the morphological variability was inscribed using numerical formulas. Each character
has a stablc position within the formuta. Among almost 150 varianls l'ound in the material cxamined, 52 were
ligured. The same method was used in dcscnpuon ol the variability of M* where 6 characters were analyzed
(TFig. 4, Table 3). Among almost 50 variants of M?, 20 were figured. Examples of some morphological variants
and their numcrical formulas arc shown in Fig. 5. For particular populations (samples) studied the frequency of
variants ([ormulas) was cstablished. Variants described by numerical formulas were grouped into marphotypes
(defined below), which were analyzed qualitatively and quantitatively on population level. In literature the
morphotypes are named with Ietters or combinations of letters and numbers (Van der Meulen 1973, Nadachowski
1982) or with the names of subspccics and specics (Angermann 1974, 1984, Chaline 1972, Rabeder 1981,
Nadachowski 1985). Malrices of similarity for the samples have been enlculated with the coelficient of Jaccard.
Ciustcr analysis of the similarily matrices was performed with the unweighted paie-group mcthod using arithmetic
mcans (UPGMA) (Sncath and Sokal 1973).

Maorphotypes of M|

Morphotype “pliccacnicus” (pl, Tig. 14*/1, 2): T4, TS and T6 conliucnt; BSA4 and LLSAS developed or BSA4
incipient and 1.SAS normally developed (= morphotype “superpliocacnicus” ace. 10 Rabeder (1981)). Dental
paticrn lypical ol Microtus (Aflophaiomys) pliocacnicus Kormos, 1933,

Morphotype “prachintoni” (pr, Iig. 14 / 4): T4, TS and T'6 conlluent; BSA4 incipicnt; appearance of LRAS.
Marphotype characteristic of Microms (Allophaionys) pliocacnicus prachinteni Rabeder, 1981,

*[igs 8 — 20 are placed at the cnd of the paper (on pp. 28 - 34).
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Fig. 6. Measurement methods of My and M* (parthy alter Vin der Meulen
1973). For detailed explanation sce the text.

LM,
N=128
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Fig. 7. Relationship between Uie condylobasal length of the skull (ChLY and the length of My in Chiononys nivalis
mirhanreini from Latra Mountains, 1 — juveniles, 2 — adults, 3 — two adult specimens.

Morphatype “nuticnsis” (nu, Fig. 14 7 53 T4 and T5 confluent, 'I'S and 'T6 separated; L.SAS better developed
than BSA4; appearance of incipicnt BRA4. Morphotype typical for Microts nuiensis (Chaline 1972).

Morpholype “occonomus” (oc, Figs 8, 10, 12, 15. 17 /3, 6, 7, 8): T4 and "T'5 scparated; 'T5 and 16 largely
conflucny; Jack of BSA4 (or incipicnt in variant 7); LRAS incipicnt or well developed. Dental pattern charie-
teristic ol Micratus acconamuis.



Systematics and cvolution ol Chiononys 11

Morphotype “lebrunii” (le, Figs 8, 10, 12, 14, 17 /9, 10, 11, 12, 13, 14, 13): 5 and 'T'6 conltucnt; BSAJ and
LSAS developed; absence or incipicnt development of BRA4 and LRAS. e pattern commonly found in Ch.
nivalis februnii and Ch. n. leuctirus.

Morphotype “abulensis” (ab, I'ig. 8 /17, 18, 19, 20): T5 and "1'6 confluent or separited; B3AG well developed;
abscnce or incipicnt development of LSAS. The morphotype relatively common in Ch. nivalis abulensis.

Morphotype “aquitanius™ (aq, Figs 8 14 /7 21, 22): 15 and ‘16 always separated; BSA4 and LSAS well
developed; absence of BRA4 and LRAS. Characteristic morphotype tor Ch. nivalis aquitanius, also commonly
{ound in other populations of the snow volc.

Morphotype “nivalis” (ni, Figs 8, 10, 12, 14, 15, 17, 19, 20/ 23, 26, 27, 28, 29, 30, 31, 32, 35, 36): 'I'5 and '1'6
always scparated; BSA4 and LSAS well developed; BRAS and LRAS incipient; amterior cap short. The pre-
dominant morphotype ol Ch. sivalis.

Morpholype “gud” (gu, Figs 8, 10, 12/ 37, 38, 39, 44, 46, 47): 'I'S, T6 and T'7 always conlluent; BRA4 better
developed than LRAS. A typical morphotype of Ch. gud.

Maorphotype “mirhanreini™ (mi, Figs 8, 10, 12 / 40, 41, 42, 43, 45, 52): 15 and 'I'6 confluent; 16 and 'T7
scparaled; BRA4 betier developed Lhan LRAS. A rare morphotype, more [requently lound in Ch. nivalis
mirhanrcini (cl. Nadachowski 1985).

Morphotype “malci” (ma, Figs 15, 17 / 16, 24): ‘IS and 16 confllucnt; LSAS better developed than BSAS;
anterior cap slightly bent lingually. A deatal pattern typical of Microty malei.

Morpholype “gregalis™ (gr, Uig. 15 7 25): TS and T6 scparated; BBSA4 incipicnt, 1.SAS well developed; anterior
cap slightly bent lingually. Morphotype characteristic of Microms gregalis (1"allas, 1779).

Morphotype “arvalis™ (ar, Figs 19, 20/ 33, 34): T3 and 16 separated; BSAL and LSAS s well as BRAJ and
LIRAS well developed; anterior cap high, Very common morphotype of Microms arvalis (1"ullus, 197%) and o
other specics ol Microws.

Morpholype “agrestis™ (ag, Figs 19, 20/ 48): 'I'S und 16 separated; BSAS and LSAS as well as BRAS and
LRAS well developed; appearance of LRAG. "This dental pattern relatively Trequently occurs in Microns agresis.

Morphotype “coronensis” (ca, Ifig. 19, 20/749): IS and 16 separated: occurrence of strong narrowing between
T6 and ‘I'7.; BSAY and LSAS well developed. “This patlern is characteristic of o {ossil [orm Microttes coranensis
Kormos, 1933 which most probably belongs o Aficrons agrestis group (Nadachowski 1985).

Morphotype “extratriangulatus™ (ex, Fig, 19, 20 / 50, 31): 15 and 'I'6 as well as 16 and 17 separated. This
pattern occurs sporadically in most of Microqy specics, more frequently in Microms agresiis (Nadachowski 1985).

Additionally in almost all morphotypes there occurred varianis with so-colled Mimanys-ridge oxpressed by
the development of a small prismatic fold on BSA4 or rarcly on BSAS (for expmple: Fig. 8 /15, 32, 36, 39, 42;
Fig. 10 /39; Uig. 12/ 32: Fig. 19/ 34, 51).

Maorphotypes of ;\13

Morpholype “lebrunii” (le, Fig. 9/ 1, 2, 3% T4 and 15 confluent; lack of BSAJ and LSAS. A pattern very
common in Ch. n. februnii.

Morphotype “mirhanreini” (mi, Iigs 9, 16 7 4): T4 and 'I'S conlluent; incipient development of ESAS. A rare
morphotype, relatively frequent in Ch. n. mirhanreini.

Marphotype "nivalis” (ni, Iigs 9, 16 / 5, 6): T and IS separated:; Tick of BSAS and LSAS. The most commaon
morphotype for the majority of the Ch. nivalis populations,

Morphotype “malci™ (ma, Figs 9, 16, 18/ 7): T4 and "I'S separated: 2 distinetl development of 1LSAS. A patlern
characteristic of M. malei.

Morphotype “occonomus” (oc, Figs 9, 11, 13, 16, 1878, 10): 14 and IS separited; distinet development of
L.SAS and BSA4 (ihe latter sometimes incipicnt). A characteristic morphotype ol M. occonamis.

Morphotype “hermonis™ (he, Fig 97 9): T4 and 5 separated: incipicnt development of LSAS, BSAJ and
BRA4. An occasional morphotype being more [requent of Ch. nivalis hermanis.

Morphotype “gud™ (gu, Figs 11, 13, 18 / 11, 12, 13, 14, 15); distinct development ol B5A4 and [.SAS;
appearance of incipient BSAS in some variants; lick of 1LSAG, Dental patiern typical ol Ch. gred.

Morphotype “roberti” (ro, IYigs 11,13 /16, 17, 18, 19, 20); distinct development of BSAS and 1L.SAS, in some
varianls appearance of incipicnt BSAS; distinct development of LSAG. A morphotype chiaractenistic of Ch. raberti.
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Measurcments

The initial comparison started with 10 measurements for Mi and 6 measurcmenis for M, of which only 5
(for M1)and 3 (for MJ) were uscd for analysis 1o reduce the number of highly correlated measurements. Following
mcasurcments appear 1o be usclul for distinguishing species and populations of the Chionomys group ([ig. 6):
(1) the length of the occlusal surface of My and M* (= L, acc. to Van der Meulen 1973); (2) the length of
anteroconid complex (for My) (= a, acc. to Van der Mculen 1973) or the length of posteroconid complex (for
MJ) (= p, acc. lo Nadachowski 1990b); (3) the widih of the posterior part of the anteroconid complex for M
and posterioconid complex for M? measured from the tip ol BSA4, so that of LSA4 ( = L, acc. to Van der Meulen
1973 and = W2, acc. lo Nadachowski 1982), laken from the inner sides of the enamel; (4) the shortest distance
between BRA3 and LRA4 (= b, acc. to Van der Mculen 1973 and 1B; ace. 1o Nadachowski 1982) taken aguin
from thc inncr sides of the enamcel; (S) the distance taken along the line 1-1 from the projection paint of 1he
antcriormost point ol BRA3 1o the projection point ol the anteriormost point of LRAA.

Most of the above defined parameters have been emiployed to caleulate the following ratios: 2/1 (= A/,
acc. 1o Van der Mculen 1973) which expresres the relative length of the anteroconid complex (for Mi) and
posteroconid complex (for M3) in comparison lo the tooth lengihy; 4/3 (= D1/Ws, ace. to Nadachowski 1990b)
which gives the degrece of separalion of the anlerior cap of My from T5; 5/1 which expresses the mutual position
of BSA4 and LSAS. Differences in mean values observed have been cheeked by Student’s and Schefle's tests.

Differences and changes in size were analyzed using the length of My which appear (o be highly corrclated
(r = 0.82) with the condylobasal length of the skull (Fig. 7).

Results

The recent snow vole (Chionomys nivalis) scrved as a model for studying variations
within the group. Its widcly separated geographical populitions exhibit a high degree of
inlra- and inicrpopulational variability of the dental paticrn (Figs 8, 9*; Tables 4, 9, 10, 14).
The most common of the M1 morphotypes is “nivalis” (to1al frequency 38.5%), followed by
“Icbrunii” (17.0%) and “aquitanius” (11.8%) and for M? “nivalis” {44.1%), “lcbrunii”
(34.8%) and “malei” (10.2%). The West-European populations from Spain and France
(Ch. n. abulensis, Ch. n. aquitanius, Ch. n. lencnrus, Ch. n. lebrunity show simple dental
pattern with high [requency of “lebrunii” morpholype, and “occonomus” morphotype (for
M1) which is especially common in the populations from Massif Central (17.5 - 18.4%).
The pattern “aquitanius” which occurs in most of the snow vole samples is predominant in
the population from the Pyrences (44.5%). Generally, West-European populations con-
stitute onc group well separated from most other subspecics as [ar as morphology ol M is
concerned (Fig. 22), while their structurc of My is not so homogencous and consists of two
clusters (Figs 21 and 23). Additionally, Spanish populations show some peculiar fcaturcs
(morphotypc “abulensis”). The isolated population from Sicrra Nevada (nl) is more
similar in its structurc of Mi to the samples from the Alps than (0 Ch. n. abulensis from
Cordillera Cantabrica. West-European populations arc of large (cspecially Ch. n. abulensis)
or medium size with exception of Ch n. lenctirus (M — LM =2.83) which is the smallest sub-

*Iigs 8 - 20 and Tablcs 4 - 16 are placed al the cnd of the paper (on pp. 28 - 34, and 35 — 45, respectively).
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specics in Europe. The simplc dental patiern of these populations is also manifesied by low
mean values of 2/1 index and very high values ol 4/3 index.

The nominative subspecics Ch. n. mivalis, inhabitant of the Alps (samples n6 — nl1l), is
characterized by higher frequency of “nivalis” and decrcasce of “lebrunii” morphotypes.
Some populations which inhabit Western Alps (c. g. n6 for My or n6, n7 for M3) show an
intermediate pattern and belong (o the cluster related o the “lebrunii-lcucurus-aquitanius”
group. The scrics of contiguous populations from the Alps show a sizc cline. A gradual size
increase is observed [rom the west to the casl and the biggest populations live in the
casternmost part of the Alps (Niedere Tauern) (M - LMy = 3.12). Differences between
extreme samples arc statistically significant (p <0.01, Schelfc’s Lest). Other parameters
mcasurcd fluctuate around the mean values tor the wholc species, An important change in
dental morphology is obscrved in contiguous populations from Western part of the French
Alps (n6) and Switzcrland (n7).

Populations of the snow vole from the Dinaric Mountains, Balkan Peninsula and
Carpathians (Ch. n. wagneri, Ch. n. malyi, Cl. n. aleco and Ch. n. ulpius) are generally char-
acterized by smaller variation with absolute predominance ol the “nivalis™ morphotype.
Simple morphotypes of M “occonomus” and “lebrunii” are rarc or absent. In the structure
of M~ a distinct incrcase of morc complicated morphotype “malci” is observed. Ch. n.
mtirhanreini from Tatra Mountains cxhibits peculiar features in M| manifesied by the
greatest variability and higher (requency of morphotypes “gud” and “mirhanrcini” (9.9 and
7.4%, tespectively). In the structure of M* the predominance of morphotypes “lebrunii”,
“mirhanreini” and “malci” is observed. These differences in comparison with other pop-
ulations point to a distinct separation of this population from all other examined samples
of Chionomys nivalis. (Figs 21, 22).

The snow vole populations from Asia Minor (Ch. n. olympius, Ch. n. cedrorun and
Ch. n. spitzenbergerae) arc characterized by a very simple dental pattern of My with a very
high frequency of “occonomus™ (up 10 41.7%) and “lcucurus™ (up 1o 75.0%)‘, morpho-
types manifested also by high values of 4/3 index. The dental pattern of M” in Ci n.
spitzenbergerae shows very peculiar features with absolute predominance ol the morphotype
“malci” (78.6%). This subspccics is similar 10 the Microtus oeconomus group as [ar as the
M? structure is concerned (Fig. 22). In the cluster analysis of My all Turkish populations
occupy a separate position (Figs 21, 23).

Asiatic populations of Ch. nivalis from Caucasus (Ch. n. loginovi), Trancaucasia (Ch. n.
trialeticits) and Kopet Dag (Ch. n. dementievi) arc very closcly reluted with regard o 1ooth
morphology. They cxhibit small variability of My with predominance of the “nivalis”
morphotype. Third upper molar is morc variable with a relatively complicated dental
pattern {morphotypes “occonomus” and “hcrmonis”). Ch. n. hiermonis from Lebanon and
Anti-Lebanon Mis., is rather similar 1o the Balkan populations {Ch. n. ulpius, Ch. n. aleco).
Populations of the snow vole from Asia Minor and the Caucasus region arc distinctly
smaller in comparison with Middle and East European samples and diflerences arc
statistically significant (p < 0.05, Scheffe’s test). Phenctically these subspecies are closcly
rclated 10 Central and Eastern European populations of Ch. nivalis (Figs 21, 22, 23).
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The above data make it possible 1o distinguish the following groups of populations:
(1) the “lebrunii” group (comprising subspecics februnii, leitcurs, aquitanius, abulensis);
(2) the “nivalis” group (nivalis, 2wagneri, malyi, aleco, ulpius, loginovi, trialeticus, pontius,
dementievi, hermonis); (3) the “mirhanreini” group (mirhanreiniy; (4) the “cedrorum” group
(cedrorum, olympius); (5) the “spitzenbergerac” group (spitzenbergerae).

Fossil samples of Ch. mivalis from Pleistocene show similar variation as extant pop-
ulations, however, the [requency of simple morphotypes “lebrunii” (total 22.3%) and
“aquitanius” (20.1%) is higher while more complicated patterns exhibit lower frequencics
("nivalis" — 51.2%, “mirhanrcini” — 0.3%). West European [ossil populations (nA — nE)
show [or My the predominance of morphotype “Iebrunii” while “aquitanius” is rather less
frequent. Measured parameters have not changed significantly in relation to extant pop-
ulations from this arca. Fossil samplcs from Germany north to the present distribution of
Ch. nivalis (nF - nl} do not differ distinctly from rceent nominative subspecies (Fig. 23).
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Populations from Czechoslovakia (nJ — aM) also show more simple dental paticrn in
comparison with the Middic and East Europcan snow voles. Despite being most closc
geographically to Ch. . mirhanreini from Tatra Mountains, they do not exhibit the peculiar
characters of this taxon being phenctically similar to typical Ch. n. nivalis (Fig. 23). Fossil
populations [rom Balkan Peninsula (nN - nR) show slightly higher frequencics of morpho-
types “Iebrunii” and “aquitanius” in comparison with present inhabilants of this territory
(Ch. n. aleco and Ch. n. uipiuts). From among the two populations from Asia Minor studied,
the Middle Pleistocence My sample from Latomi 1 (nS) is related morphologically (o the
simplc populations of Ci. n. lebrunii and Ch. . leucurus. The Karain B population (nT) is
closcly rclated 10 recent Ch. n. spitzenbergerae and is characterized by vcry high [requencics
of “occonomus” morphotype (41.7%) for Mj and *malei” (63.6%) [or M>. Fossil sumples
from the Caucasus region (nU — nW) show a more simple dental patlern in comparison
with the extant descendants, which is manifesied by higher requencics of morphotypes
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“lebrunii” and “aquitanius”, They arc also characterized by distinctly longer My, cspecially
in comparison with Ch. n. loginovi.

The dental pattern of two Caucasus specics ol Chionontys arc generally very similar
(Figs 10, 11, 12, 13). In the My of Ch. gud the morphotype “gud” is clcarly dominant (total
frequency 54.6%) whilce lor Ch. roberti it shows lower [requencics, in average 43.2%. In both
specics under study the simple morphotype “lebrunii” plays an important part being also
gencerally less frequent in Ch. gud (1otal frequency 34.7%) than in Ch. roberti {(41.9%). Other
morphotypces of Mj (*occonomus”, “pivalis” and “mirhanrcini”) arc only accessorial. The
dental patiern ol M3 of both specics is distinctly different from Ch. nivalis. In these specics,
the complicated morphotypes “gud” and “roberti” prevail, with total frequency of 58.7%
and 13.6% [or Ch. gud and 16.1% and 65.8% (or Ch. roberti, respectively. The only common
morphotype with Ch. nivalis is “occonomus” — relatively frequent, especially in Ch. gud
(28.6%). Fossil populations ol Ch. gud arc very similar in the frequency distribution of My
morphotypes (o the rceent materials, with the exception of Middle Pleistocenc samples
from Matuzka Cave (gA) and Treugolnaya Cave (gD); these arc characterized by a more
simple dental pattern manifesied by predominance of “lebrunii” morphotype (517 and
335.4%, respectively). Pleistocene populadions of Ch. reberti from Matuzka Cave show a
distinctly different percentage representation of morphotypes “icbrunii” and “gud” in
comparison with reeent subspecics. Generally, fossil samples of Ch. gud and Ch. roberti
show smaller dimensions and lower values of 2/1 index than their recent descendants
{Tables 11, 15). In phenctic dendrograms (Figs 21, 22, 23) they are well separated from
Civ. nivalis.

The lower Biharian population from Les Valerots described under the name Microrus
malfei burgondiae Chaline, 1972 differs distinctly from the populations referred to the
M. malei group (Fig. 14, Tables 10, 14). Its peculiar demal pattern of My is characterized by
mixing of different morphotypes. Among simple morphotypes “pliocacnicus”, “nulicnsis”
and “prachintoni” which arc typical for somc evolved forms ol Aflophaionys, the latler is
the maost frequent (26.5%). All other morphotypes (“lebrunii”, “aguitanius”, “malci”,
“nivalis™) can bc considercd as nivaloid onces, although they all represent variants of
confluent T4 and T5. Their total frequency prevails in the population (56.6%). The type
population is relatively big (MEM) = 2.79), characierized by low vatues of 2/1 index (43.8)
and very high values of 4/3 and 5/1 indices (25.1 and 11.3, respectively). The morphology of
M is very simple with absolute predominance of “lebrunii™ morphotype (94.196). Another
population from Tcherdjenitsa 2 (bB) also referred (o the same laxon represents much
morc primitive stage ol evolution with distinct predomination of morphotypes charac-
tcristic of cvolved Allophaiomys (74.4%), while nivaloid variants compose 25.6%. Both
samples, however, [orm a scparale clusier related to the Chionomys group named (7)
Chionomys burgondiae (Fig. 21).

An analysis of dental patiern of the type population of Microrus malei from Clevedon
Cave as well as two other samples studicd show extremely high polymorphism (Figs 15, 16;
Tables 12, 16). In the M pattern there occur morphotypes characieristic of Chionomys
(morphotype “nivalis™ with total frequency of 45.1%), M. oeconomus (marphotypes
“occonomus” and “malei” with total frequency 18.9% and 29.9%, respectively) and cven
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accessorial pattern characteristic of M. gregalis (6.196). The characters of M? are also
peculiar with absolute predominance of “malci” morphotype (total frequency 74.4%). A
very characieristic feature of M. malei is its great interpopulational variation. Each sample
studicd shows its own spectrum and frequency of My morphotypes, with the predominance
of “nivalis”, “malci” or “occonomus” paticrns. It is a large, specialized taxon with high
valucs of 2/1 index. Mean valucs of 4/3 and 5/1 indices occupy intermediate position
between Chionomys nivaiis and Microtus oeconomus. Generally, M. mnalel is most closcly
rclated w0 M. oeconomus (Figs 17, 18, Tables 12, 16) and has nothing in common with
Chionomys in spitc of high frequency of nivaloid variants in dentition (Figs 21, 22).

An analysis of the M1 matcrial of Micronts nivaloides from the type locality at West
Runton shows the predominance of morphotype “arvalis” {56.1%) [ollowed by “nivalis”
(32.9%) (Fig. 19, Tablc 13). Three accessorial morphotypes “agrestis” (3.7%), “coroncensis”
(4.9%) and “cxtratriangulatus™ (2.4%) arc characteristic of extant M. agresiis (Fig. 20,
Table 13) and never occur in the specics of Chionontys. It is a rather small (M - LM = 2.62)
and spccialized taxon with relatively high values of 2/1 index (in average 50.5) and low
values of 4/3 and 5/1 indices (5.1 and 6.5, respectively), again typical of  Microtus
arvalisiagrestis group. Both the mentioned specics create one cluster distinctly scparated
from Chionomys and M. oecononuis groups (Fig. 21).

Discussion

In almost all phyletic lincages of voles onc can observe a gradual and progressive
increasc of triangle number or at least complication of the morphological structure on the
first lower and the ast upper molars as well as a moderate trend of incrcase in size. This
stable tendency, which can be considered in lerms of phyletic gradualism (Chaline 1987),
crcatcs a basis for discrimination of the primitive and derived populations. It is assumcd by
palacontologists that a similar dental morphology in a given lincage reflects rcal phylo-
genctic relationships between the studicd taxa. This last assumption is bascd on the fact that
complexity of dental characiers is inherited and that multiple genes with additive cffects
rather than a single gene arc responsiblc for a given morphological pattern (Grewal 1962,
Griincberg 1965). In the coursc of evolution the frequency of genes and so the frequency of
the minor dental characters undergo gradual change being a morphodynamic process. As a
conscquence, in a given lincage primitive (= ancestral) characters arc not complelcly lost
but arc preserved with smaller and smaller frequency. This phenomenon is obscrved in
most of the Microtus (sensu late) lincages manifesied by sporadic occurrence of ancestral
characicrs in few recent specimens. In the Srenocranius lincage, [or example, the confluence
of T4 and T3 in M1, which is considcred a primitive trait, decrcases by degrees rom the
Biharian Microtus (Stenocranius) gregaloides 1o M. (5.) gregalis (Nadachowski 1985). In
extant specics this character “survived” with frequency 7-8% (Bolshakov er. al. 1980). It is
belicved that similar processcs should be obscrved in the cvolution of the Chionontys
lincage.
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Origin and evelution of Chionanys

Lower Pleistocene is the period ol radiation of Micromus (sensu lato) and the fossil 1axa
described are dircet ancestors of the extant specics. The origin of Cliiononiys is ¢nigmatic,
There arc two altcrnative possibilitics of the solution of this problem. The first is bascd on
the opinion that Microtus (Allophaiomys) pliocaenicus, widely distributed in Eurasia and
North Amecrica in Lower Biharian, is the ancestor of all phyletic lincages of Microfis
including Chiononrys (Chaline 1972, Rabeder 1981, Fejfar and Horddek 1983). Litcrature
data indicatc that nivaloid paticrns of M (morphotypcs “lebrunii”, “aquitanius”, “nivalis™)
appear, with low frequency, practically in cvery sample ol Allophaiomys, independcently of
its geographic position. This general phecnomenon scems 1o be a characteristic feature of
the evolution of the Allophaiomys [irst lower molars and impedes identification of an
ancestor population. One can also assume that Chionomys split from an unknown ancestor
belonging 10 the genus Mimontys already in the beginning of the Lower Biharian. Although
this point of vicw is not confirmed by the fossil cvidence, it is strongly supported by
biochemical and karyological data (Agadzhanian and Yatscnko 1984, Gral 1982),

Only at the cnd of the Betlia phasc there appear populations with higher frequency of
nivaloid morphotypes. Special attention should be paid to a form described from Les
Valerots under the name Microtus malel burgondiae Chaline, 1972, The cluster analysis for
M; shows that it is related to the Chionontys group and has little in common with the
Microtus oeconomus group (including M. malei, sensu stricio)(Fig. 21), s m3 patlern is very
similar 10 the primitive populations of Ch. nivalis (Fig. 22). This population, however,
shows somce special traits i.c. a rclative high frequency of primilive morphotypes
“pliocacnicus”, “prachintoni”, “nuticnsis” and conflucnce of T4 and T5 in nivaloid
morphotypes of M1 which never occur in extant Chienoniys. Complete lack in recent
Chionomys nivalis ol primitive traits characteristic ol “Microtus” burgondiae make the
attachment of the mentioned 1axon 1o the Chionomys lincage rather dubious. On the other
hand, among [ossil Europcan materials it is most closcly related 1o Ch. nivalis. 1t is
proposcd here to provisionally include “Microius™ bitrgondiae (0 Chionontys.

Haas (1966) described from the Lower Biharian site "Ubcidiya in Isracl (Tchernov 1987)
a new arvicolid species with primitive denlal characters  and an uncertain generic as-
signment named Arvicola (7yjordanica Haas, 1966. Comparisons of its M1 morphology with
that of the represeatatives of the Chionomys group indicate a close similarity, especially
with Ch. roberri. On the other hand, the structure of M> is distinctly different, Although
Tchernov (1986) still regards the taxon as a primitive member ol the genus Arvicola, it
should be trecated rather as a specics of derived Allophaionys (Kocnigswald and Van
Kolfschoten, 1990) or an ancestor taxon of Chionomys species from the Caucasus region.

Towards the end of Biharian there appear in Europe 2 — 3 taxa which traditionally were
included in Chiononiys. Two of them described from West Runton (Major 1902, Hinton
1923, 1926) arc of Cromerian age and represcnt relatively cvolved taxa, both without
[catures typical of the Chionomys group. The [irst one, Microtus nivaloides, with characters
related rather o M. agrestis (Fig. 21), belongs wo Microtus arvalisiagrestis group what has
alrcady been suggested by Stuart (1975). It appears 1o be conspecific with  Microtus



20 A Nadachowski

a 5 w Evolution
© R
z E-g ‘é’ &l stratigraphy
o v —
v | 52| 8|2 Microtus Chinomys
o | o o 8
< ol IS
0o Hol. A | Holocene M.ceconomus M.ogrests  Chnivalis  Chrobertt  Ch.gud
' eloo a v |~ 1 T o
002 c Cottier
G| ¢ |Denekamp = Arcy
o ik
008 B |5
Loos| I8 ¥ 2|
’ al « M.malei
= Eemian =
. i Ch gud
Q10 = Ipswichian Ch.roberti Qut
012 : U i) a
’ Z C M.oeconomus  ?M.cgrestis Q
w Steinheimian FeY £ D 0
04| [8"“ g
= as3 Ll O
Los | ¥ |5 G Ch.nivalis 0
H .| Templomhegy U L ﬂ; 0
L | ~Nle M.oeconomus M. nivaloides 0
w | |2 nivalinus -~ 1]
3 I O PN 0 0
| ¢ K § Nagyharsany - a 0
o o > hegy 0
10 | - .L_ D
w M| < < 0 a
I — ° 1= | M_cf,geconomus {?ICh burgondige
=l NTT Betfia i 0
vz 1 {?}Ch jordanica
| e ] 0 . ?
o| L Jc|lo : @
| o £ P~ 0 O
ET I e 0
1.5 5 R z Mokrd
| |s 2 ?OD
Allophaiomys 0 0
T D 4
3 g I=) 5| , ﬁ
g, U g‘ . Villdny 0 a
& 2|2 0

Fig. 24. Evolulion of Chionamys and some Microtus lincages. Stratigraphy after oriéek (1981, supplemented and
changed). AL — Allered, Crom. — Cromertan, [2G — Carly Glacial, [lol. — Holocene, 1.G - Late Glacial, Men. -
Mcnapian, OD - Older Dryas, Plen. - Pleniglacial, YD - Younger Dryas. Note twice change of the age scale.

arvalinus Hinton, 1923 in view of thec unquestionable morphological similarily. It conlirms
the carlicr opinion of Van der Mculen (1973) and in consequence the priorily of the name
M. nivaloides Tor arvaloid taxa [rom West Runton (Nadachowski 1990a). In continental
Europe in the slightly carlier period (most probably during Nagyhdrsinyhegy phasce) there
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appeirs a taxon also included by most students in M. nivaloides, however, with morpho-
logicel variation distinctly different from the lype West Runton population. Such matcrials
werre described for instance from Holiensilzen (Siorch er all 1973) and Zalcsiaki 1A
(Nad:chowski 1990c). The mentioned taxon requires special studics and although it shows
somenivaloid characicrs in the pattern of M {especiaily the high frequency of morphotype
“gwd™}, in my opinion it docs not belong o the Chiononys group.

Tte sccond taxon [rom West Runton, traditionally included 10 Chionontys — named
Microus nivalinus belongs to M. eeconomus group (Nadachowski 1990a). It is identical with
Microus ratticepoides, also described [rom West Runton; they represent onc taxon (Stuart
1975)ancestral to extant Microtus oecononnis which should be named Microtus nivalinus or
morc salcly M. oecoromus nivalinis Hinton, 1923 (Fig. 24). The primitive ratticepoid
variarts appeared carlicr ca. 0.8 - 1.1 My BP in the Russian Plain where well siratified sedi-
ments [rom the Petropavlovsk or Karai-Dubina stage (corresponding 1o the end of Lower
Biharan) arc available (c.g. Markova 1982, 1990). Thus, the root vole (M. oecononiis)
represents a well defined lineage which split from the Allophaiomys gencral stock already
towards the cnd of Betlia phase and/or beginning of the Nagyhdrsnayhagy phase and has
little :n common with Citionomys (Fig. 24).

TLe phenomenon of overlapping of the dental morphological characters between
Chionomys, Microns oeconomus and to some exient ol Microius arvalisfagrestis group
(Angermann 1974, 1984, Nadachowski 1982) led to taxonomic misunderstandings con-
sisting in crcation of ncw taxa (c.g. Siranomys of Chaline (1972)) or incorrect synonymy
(c.g. Fejfar and Hordéek 1983). The best example of this problem is a taxonomic status of
Microtus malei. Hinton (19074, b) described this species from Clevedon Cave on the basis
of its pecculiar dental pattern of Mi. Further studics by Chaline (1972) conlirmed the
specific rank of this laxon which is characterized by a very wide variation including nivaloid
and ratticcpoid variants. However, Sutcliffe and Kowalski (1976) suggested that M. malei be
synonymized under Ch. nivalis. Crucial [or Lthe reconstruction of phylogenctic relationships
arc studics of M> preserved in Hinton's collection. Morphological analysis of 18 M3 shows
that they arc rclatively complicated and belong 1o the M. coconomus group (Fig. 22).
Detailed studics ol Mj also confirm a closc relation 10 M. oecononnis which agrees with the
opinion of Stuart (1982}, in spitc of high frcquency (49.9%) of the “pivalis” morphotype.
Diffcrences in the dental pattern of both My and M? between M. oeconomus and M. malei
are, howevcer, sullicient to preserve the chronospecific rank of the taxon. The hypothesis of
Chalinc (1972) that M. malei is an ancestor of both Ch. nivalis and M. occononnis is
unjustificd.

Viariation recorded from Clevedon Cave is also commonly found in other British
localitics (including Tornewton Cave and Crayford, studied in the present paper) although
in most cascs the frequency of nivaloid variants is distinctly lower. It scems that M. malei is
a very good biostratigraphical index fossil for carly Upper Pleistocene (Ipswichian sensu
lato) in the British Isles. Remains of voles from continental Europe described by Chaline
(1972) undcr names Microrus malei noailfensis Chaline, 1972 [rom La Fage, and Microtus
malei gennii Chaline, 1972 from Gigny distinctly differ from British matcrials. They belong
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lo typical Microtus oeconomus widcly distributed in Europe during Middle and Upper
Plcistocenc.

It scems that real Chionomys remains appear in Europe and Asia Minor unquestionably
during Middlc Pleistocence in Sicinhcimian (Terzea 1972, Storch 1975, Popov 1989) and
belong 1o Ch. nivalis. They cxhibit primitive dental features related to the most primitive
recent populations of Ch. n. leucurus and Ch. n. lebrunii and the population from Latomi 1
can scrve as an cxampie. Since Middle Pleistocenc the snow vole shows distinct gradual
changes in dental patiern in some regions, while in other arcas this cvolution is not
obscrved. These changes in M| consist in the tendency o deercase of “lebrunii” and
“aquitanius” morphotypes, increase of the typical “nivalis” pallern and relative length of
th¢ anteroconid complex. Such development is obscrved cspecially in the Balkan peninsula
(Nadachowski 1984, Popov 1985, 1989).

Interprefalion of variability in Chionomys

The high polymorphism of dental patiern in recent European Ch. nivalis is probably
connccted with (1) the Pleistocene history of specics, (2) isolation of particular populations
during posiglacial period and (3) different patterns of competition occurring in the mount-
ainous regions. Middle and Late Picistocenc climatic [fuctuations played an important role
in changing the geographical range of the species. Generally speaking, coolings resulted
probably in widespreading of Ch. nivalis from mountainous regions (o the lowlands. The
fossil evidence indicates, however, that it docs not leave far from mountains (Terzea 1972)
(Fig. 1), most probably because of its specific ccology. Its distribution is determined by
special adaptation to a petricolic way ol life (Kratochvil 1956, 1981; Kowalski 1957, Lc
Louarn and Jancau 1975, Krapp 1982). According 1o Krystufek and Kovacié (1989) the
snow vole is adapied 10 4 cavernicolous habital, with stable, mainly stenothermal conditions
manifcsted also by its heterothermia and almost identical cnergy budgets for winter and
summcr (Bicfikowski and Marszalck 1974).

The most primitive populations survived in Spain and France (the “lebrunii” group).
They arc very closcly related and form an isolated cluster as far as tooth morphology is
concerned. The biochemical studics justify the separation of the mentioned 1axa from the
nominative subspecies (Graf 1982) and, on the other hand, their closencss. During stadial
(cool) periods the populations of the “Icbrunii” group which at present live mainly in
rclatively low altitudes (c.g. Massif Central, Basses-Alpes, Cordillera Cantabrica) were not
forced to change their habitats, although their ranges were probably extended southward.
Thus, they were able to preserve their primitive character. High mountain populations,
however, c.g. Ch. n. nivalis from Alps were displaced 1o bordering arcas out of glaciated
territorics and underwent distinct changes. During postglacial warmings, the range of West-
Europcan “lebrunii” group was fragmented into isolates where a suitable cavernicolous
habitat with stenothermal conditions was preserved, while mountainous regions of Europe
werc reinvaded by lowland populations. The analysis of dental characters indicate that the
Western Alps were colonized by members of the primitive West European “Icbrunii”
group, while Central and Eastern Alps as well as most of the Carpathians and the Balkan
Pcninsula were inhabited by alrcady changed derived populations which survived glacial



Systematics and evolution of Chiononns 23

periods in lower altitudes or/and in East-Southern Europe. This supasition is confirmed by
biochemical studics (Gral 1982).

In the postglacial the mountains constituted “contincntal islands” which acted as
speciation traps (Chaline 1987) and isolated populations of Chionomys started (o cvolve
independently. In some cascs these small local populations underwent dramatic changes in
short time becausc the geographical isolation brakes the genc flow. For cxample, the
population from the Tawra Mountains (Ch. a. mirhanreini) is so dilferent from the other
Chionomys samples that it should be treated as a scparale specics as far as dental
morphology is concerned. However, only the biochemical studics could confirm the level of
diversification processes. Peculiar [eatures of Ch. n. spitzenbergerae (Nadachowski 1990b)
causcd its carlicr wrong assignation to Chionomys gud (Spitzenberger 1971, Nadachowski
1990a). Generally, the “northern™ high mountain populations - cspecially from the Alps,
the Balkan Peninsula, (the Carpathians but also from Caucasus and cven Kopet Dag -
constituting the “nivalis” and “mirhanrcini” groups, are more derived. They inhabited the
mcntioned territories relatively late, in most cascs after the retreat of glacicrs. The
“southern”™ populations belonging 1o the “lebrunii”, “cedrorum™ and “spilzenbergerae”
groups occupy very often lower altitudes and inhabit arcas which never had been covered by
ice sheet. They prescrved the primitive traits characteristic of Ch. nivalis from the Middle
Plcistocence period. The only cxception is the most southern Chionomys population [rom
Lcbanon and Anti-Lebanon Mountains (Ch. n. hermonis) which is related to the “nivalis”
group.

Contrary 10 the high dental polymorphism and biochemical dillerenciation, the
karyotypc of Ch. nivalis is stable consisting of 54 chromosomes with 26 pairs ol acrocentric
autosomes in al! studicd mountainous rcgions {Todorovic er al. 1971, Krdl 1972, Meylan
and Gral 1973, Peshev and Belcheva 1979, Dias de ta Gardia er al. 1981, Sablina er al. 1988).

Studics ol recent Ch. gud and Ch. roberti [rom the Caucasus region show both a close
relationship in dental morphology between them and a distinet separation rom Ch. nivalis.
This is also confirmed by karyological data (Sablina er af. 1988). Although karyotypes of all
three specices of snow voles consist of 54 chromosomes, they differ in the structure of the
smallest pair of autosomes which in Gl gnd and Ch. roberti is mclacentric while it is
acrocentric in Ch. nivalis. The occurrence ol [ossil remains ol both species exclusively in the
territory of their present distribution (Nadachowski and Baryshnikov 1991) suggest the
Caucasus region or its surroundings as a center of origin, as already indicated by Steiner
(1972) and Gromov and Polyakov (1977).

Conclusions

Studics of dental variation and cevolution of the Chionomiys proup supporied by a
comparison with biochcmical and karyological critcria show its isolation [rom Microtus
{sensu stricto). Its origin can be connecled with the cvent of Allophaiomys  pliocaenicies
spcciation during Lower Biharian (what is morc probable) or with splitting from an
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unknown ancestor much carlicr, may be as carly as the Pliocene/Pleistocene boundary.
Probably alrcady at the end ol Lower Biharian Chionomys split into two lincages. The first
onc appearcd and cvolved in Europe (Ch. nivalis lincage) while the sccond is probably of
Ncar East or Caucasus origin (Ch. gud-roberti lincage). A relict character of the taxon,
especially of Ch. nivalis, is manifesied by its primitive and stable karyolype, gencrally
primitivc dental paticrn and attachment to the stenothermal habitats. On the other hand,
its variation in dental characters and biochemical divergence is connected with the
disjunctive character of its range and different patierns of competition oceurring in local
communitics. Detailed studics of dental characters appeared o be uscful for reconstruction
of affinitics bctween particular samples comparable in this respect with biochemical data.
Five groups of populations were distinguished, named: “lebrunii”, “nivalis”, “mirhanrcini”,
“cedrorum” and “spitzenbergerac”. Differences observed in their dental pattern arc
sufficient for the separation on subspecilic level. Tn the postglactal, the high mountain
rcgions of Europe were occupicd by derived populations of Ch. nivalis, while Western
Europc (Spain and Southern France) as well as Asia Minor were inhabited by primitive
populations. Most of thc [fossil taxa traditionally included in the Chionomys group
appear 1o belong to Microtus sensu stricte (. g. M. malei, M. nivaloides, M. nivalinus,
M. ratticepoides).
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FIGS 8 - 20. MORPHOLOGICAL VARIATION OF M? AND M.

, secp.29

Tig. 8. Clionomys nivalis, morphological variation of M\. ‘I'wo-literal abbrevialions refer to marphotypes (scc the
text}. 3— Maden Koy, Taurus Mis, NIIMW 13292; 6 — Mirador del Asén, Cordiliera Cantabrica, MNCN 46;
7= Ramales de la Victoria, Cordillera Cantabrica, Z1B 2714; 9 - Espinosa dc los Monteros, Condillera Cantabrica,
MNCN 43; 10 — Chanac, Massif Central, MNIIN 3870; 11 - Larra, Pircnces, IPE 72102401; 12 — Barcclonnctie,
Alps, owl pellets, MTINT; 13 — National Parc Aigues Torta, Pirences, IPT: 58; 15 - Retezat, Carpathians, KSZP
1097; 17 — Ramalces de la Victoria, Cordillera Cantabrica, ZIB 2712; 18 — Espinosa dc los Monteros, Cordillera
Cantabrica, MNCN 9; 19 — Volayerbachual, Alps, NIIMW 26722; 20 — Espinosa de los Montcros, Cordillera
Cantabrica, MNCN 35; 21 — La Moleta, Confranc, Pircaces, IPE 68091903; 22 - Mansgunicralpe, Alps, NI TMW
33490; 23 - Sintis, Appenzell, Alps, MNHU 62018; 27 - Aussois, Alps, MNIIN 1083; 28 - Pirin, USEBR 24;
30 — Tauplitzalm, Stcicrmark, Alps, NHIMW 24672; 31 — [Furka Pass, Alps, MBNIT 28447; 32 - Tutra Mis, USEB
6; 37 - Tatra Mts., USLEB 175; 38 — Briancon, Alps, LI'S 2252; 39 — Tatra Mis., USEB 76; 40 — T'atra Mis., USER
2; 41 — Barcclonetic, Alps, owl pellcts, MHINT; 42 — Tatra Mis., USEB 158; 43 — Mt Hermon, Anti-Lebanon Mis.,
ZMTU 5460,
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Fig. 9. Chionoinys nivaliy, morphological varkstion of M. 1= Nintes, Massil Central, NINTIN Jom); 2 = Lispinosa de
los Monteros, Cordillera Cantabrica, MNCN 12, 3 - Barcclonncetie, Alps, owl pelicts, MEINT: 4 — Marskie Oko,
Tatra Mts., ZBS 57121: 5 - St. Gothard, Alps. BMNII 466267; 6 — Val Piora, Ticino, Alps, BMNNE 50140; 7 -
Tauplizalm, Steicrmark, Alps, NIHMW 24685; 8 - Giissenkélle See. Kithtai, Alps, NEIMW 31523; 9 - My, | lermon,
Anti- Lebanon Mic T 150
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Fig. 10. Chiontonns gud, morphological sarition of M. 3 - Kaskashiy Zapoviedink, o ZMUM 78957,
6 - Northern Caucasus ZIAS 65162; 7 = Teberda, Caucasus ZMUM [01440; 13— Teberds , Caucasus ZMUM
136068; 14 - Kavkaskiy Zap., Caucasus, ZMUM 20786; 30 - Khulem, Caucasus ZMUM 17796; 37 — Kavkaskiy
Zap., Caucasus, ZMUM 20677, 38 - Kavkaskiy Zap., Caucasus ZMUM 20754; 30— Oselia, Caucasus, ZIAS 32722;
4 — Kavkaskiy Zap., Caucasus, ZMUM 20697,



Fig. 11. Chionomys gud, morphologicit
variation of M™. 10 — Kobi, Caucasus.
ZMUM 58130; 11 - Kavkaskiy Zapo
vednik, Caucasus, ZMUM 7933; 12 -
Vojcnno-Gruzinskaya Doroga, Caucis
us, ZMUM 5398; 13 — Osclia, Caucasus.
ZMUM 15554; 14 = Teberda, Caucasus.
ZMUM 101512; 15 - Kavkaskiy Zap..
Caucasus, ZMUM 20697; 16 — Tcberdn,
Caucasus, ZMUM 101499; 17 — Kavkas
kiy Zap., Caucasus, ZMUM 17806; 18 -
Kavkaskiy Zap., Caucasus, ZMUM
7943; 19 — Kavkaskiy Zap., Caucasus
ZMUM 20750,
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Fig. 12, Chuononnys robern, murphaelagieal satsaln ol [\ PR
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Mambushevks, Caucasus, ZNUN 175823, 13-

Kavkaskiy Zapovicdnik, Caucasus, ZMUM 20781; 14 - Kavkaskiy Zap., Caucasus, ZMUM 7924; 30 ~ Zakatclskiy
Zap., Caucasus, Z1AS 37535; 31 - Dzhava, Caucasus, ZMUM 18332; 32-Sumela, Lazistan Daglar, BMNI 636118;
37 - Bicik, Giresun Daglari, NlHIMW 19852; 38 — Tcberda, Caucasus, Z1AS 28685; 40 — Sumcia, Lazistan Daglari,
BMNI1636129; 44 - Shovi, Caucasus, ZMUM 115072; 45 - Scalita, Lazistan Daglari, BMNI1636139; 46 - Sumcla,
Lazistan Daglari, BMNI1 636125; 47 — Osctia, Caucasus, 7ZMUM 18234; 52 - Sumcta, Lazistan Daglari, BMNI [

636113,



Te

10 oe 1 qu 12 qu 13 qu 14 gu Vig. 13. Chionomnys roberii, morphotogical

variation of M* 10 - Kavkaskiy Zapo-
vicdnik, Caucasus, ZMUM 90508; 11 -

i Kavkas  Kavkaskiy Zap.,, Coucasus,
ZMUM 20780; 12 - Kavkaskiy Zap,,
Caucasus, ZMUM 7537; 13 — Sumcla,
Lazistan Daglari, ZMUM 18715; 14 -

' Azhava, Caucasus, ZMUM 18332; 16 -
‘Teberda, Caucasus, ZMUM 115074; 17 -
Kavkaskiy Zap.,, Caucnsus, ZMUM

18322; 18 — Kuvkaskiy Zap., Coucasus,

ZMUM 90509; 19 — Zakatelskiy Zapo-
vicdnik, Caucisus, ZIAS 37535; Bicik,

X

% ro 17 ro B ro 19 1w Giresun Daglari, NIINW 19850,
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Cig. 14. (7) Chiontomys burgondiae, morphoiogical varintion ol Ml specineis Trom Los Valerots, France, 1 —
CSTD 8178 (left My inverted); 2~ CSTIY8427; 4 - CST1D 8343, 5 - CSTD 8316 (lel My inverted); 10 - CST1Y8214;
13 - CSTD 8076; 21 ~ CSTT) 8424; 30 — CSTD 8379; 35 — CS'TD 8407.
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Fig. 15. Microtus malei, morphological variation ol My; all specimens [rom Clevedon Cave. 3 - BMNIT 26422 (le
M inverted), 8 - BMNE 26447, 16 — BMNIT 26465, 24 - BMNIT 26472, 25 — BMNI 26479, 26 - BMNIT 26481
(holotype), 35 - BMNI [ 50676.

kit

Fig 16. Microws inalei, morphological variation ol M*. 4~ Clevedon Cave BMNIT 50650, § - Torncwton Cave,
“Glutton Stratum™ BMNIEunnumbered, 7 — Clevedon Cave BMNE 50687, 8 - Craylord BMNIT 3759,
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)
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Fig 17. Microtus ecconomus, morphological variation of M. 3 - Jazy Bicle, NE Poland ZBS 84864; ¢ -~ Jazy Bicle
7135 86404; 8 — Jazy Bicle ZBS 84344; 12 - Jazy Biclc Z3S 84849; 16 - Jazy Bicle 56403; 27 — Choszczewo, N I'oland
ZBS 123173; 30 - Choszczewo ZBS 123635,
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Fig. 18. Microtus occonontis, morphological
variation of MY, All specimens from Jazy
Bicle, NI Poland. 7 — ZBS 84678; 8 ~ ZBS
84344; 10~ ZBS 84725; 11 — ZBS 86421,
7 ma 8 oe 10 oe 1 g 12 o 12— ZBS 68231
27 i A ni 0 ni 33 o 3% ar
48 og 9 o 80 ex variation of My, BMNIT unnumbered.

IFig. 20. Aficrosus agrestis, morphological
variation of M. 30 - Wymiarki, ZBS
79729, 33 — Wymiarki, Z.BS 79830, 48 -
Dyrdy, ZBS 88277, 49 - Dyrdy, ZB8
S8119; 50 ~ Wymiarki, 218 79732,

§ Iig. 19. Microms nivaloides, morphological
51 ex
N0 ni B 49 co 50 ex

ar 48 a9
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TABLES 4-9.
FREQUENCY DISTRIBUTIONS OF THE M;
MORPHOTYPES.

TABLES 10 - 16.
MEASUREMENTS AND RATIOS OF M,

AND M3

AND M3,
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‘Tablc 4. Percentage (requency distributions of the My morphotypes in recent and fossil Ch. #ivalis populations.

Popu- Morphotype
lation oc le ub ag ni gu mi N
ni - 27.6 138 27.6 31.0 - - 29
n 5.6 38.2 19.4 14.4 18.7 25 1.2 160
n3 22 36.7 33 44.5 89 22 22 0
n 4 15.4 36.7 2.0 245 14.3 4.1 - 49
ns 175 60.2 32 32 12.7 1.6 1.6 63
no 1.6 312 2.4 31.2 20.4 6.2 - 64
n7 14 174 34 15.1 60.5 22 - 139
ng - 111 28 19.4 639 - 28 36
9 - 17.2 - 28.0 52.6 1.1 1.1 923
nl0 25 32.6 2.5 15.0 474 - - 40
nll - 15.0 5.0 325 450 25 - 40
nl2 - - - 214 78.6 - - 14
nl3 - 13.8 34 17.2 65.6 - - 29
nl4 0.7 14 14 113 83.1 0.7 14 142
nls - 6.2 - 6.2 85.5 21 - 48
nle - - 13 1.9 %0.8 - - 76
nl? 0.5 10.9 ¢.3 28 65.2 2.9 74 741
nl§ 143 35.7 - - 50.0 - - 14
nl9 - 75.0 83 - 16.7 - - 12
n20 41.7 333 - 83 16.7 - - 12
n2l - 2.6 - 246 922 13 1.3 76
n23 - - - 143 837 - - 49
n24 1.9 1.2 38 - 924 - - 52
n2s - 18.7 - 10.4 70.9 - - 43
n26 - 7.1 - 28.6 64.3 - - 14
Sub-total 22 17.0 30 11.8 58.5 4.5 3.0 2130
nA 0.7 39.2 58 225 304 0.7 0.7 138
nB3 - 66.7 83 - 25.0 - - 12
nC 32 67.7 2.7 9.7 9.7 - - 31
nD - 70.0 - 10.0 2040 - - 10
nC - 42.4 6.1 18.2 212 12.1 - 33
nl’ - 13.0 4.3 304 523 - - 23
nG - 20.0 - 40.0 40.0 - - 20
nil 38 19.2 39 339 19.2 - - 26
nl 2.9 257 29 143 54.2 - - 35
nJ - 357 - 2135 35.7 7.1 - 14
nkK 37 259 3.7 1t.1 51.9 - 37 27
nl - 127 32 14.3 63.3 - 16 63
nM - - - 9.1 90.9 - - 11
nN - 7.5 38 15.1 7.7 1.9 - i3
nQ 18 13.6 18 123 69.3 12 - 162
nP 2.1 7.3 - 18.7 71.9 - - 96
nR 1.3 13.2 - 132 723 - - 76
nS 19.1 380 - 11.9 286 24 - 42
nT 26.1 65.3 - 43 - 43 - 23
nU 23 16.5 - 28.8 50.0 24 - 170
Vv 27 13.5 - 324 50.1 - 13 4
nW 42 8.3 - 333 542 - - 24

Sub-total 27 223 21 201 51.2 1.3 0.3 1163
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Table 5. Percentage frequency distributions of the M; morpholypes
in the recent and fossil popuiations of Ch. gud and Ch. roberdi.

Popu- Morphotype

lation oc Ic ni gu mi N
el 1.5 319 4.5 546 1.5 6o
g2 31 329 6.2 515 - 64
&3 - 58.4 83 333 - 12
g4 - 375 - 62.5 - 8
Sub-total 4.7 347 53 546 0.7 150
gA 32 517 32 41.9 - 31
gB 55 289 55 579 22 %0
gC 43 13.0 - 784 43 23
gD 7.6 554 31 339 - 65
el 22 318 87 543 - 46
gl 29 314 57 60.6 - 36
gG 17 346 38 53.9 - 26
gl - 50.0 - 50.0 - 24
Sub-1otal 47 - 3718 44 52.2 - 341
ri 3.6 48.2 7.2 41.6 - 83
r2 i4d 34.7 55 459 12.5 72

Table 6. Percenlage frequency distributions of the Mt morpholypes in
(?) Chiononys burgondiac.

Popu- Morphotype

lation pl pr nu le ag ma ni N
bA 9.7 26.5 72 337 24 7.2 133 83
bB 46.5 233 46 233 23 - - 43

Total 22.2 254 6.4 30.2 1.6 5.5 8.7 126

37
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Tabic 7. Pcrecntage (requency distributions of M| morp-
hotypes in Microms occonomus and M. malei.

Popu- Morphotype

lation oc le ma gr ni N
ol 59.2 6.1 28.0 - 6.1 49
02 69.5 1.7 254 - 3.4 59
Sub-lotal 64.9 3.7 20.8 - 4.6 108
mA 148 - 293 60 49.9 317
mB 308 - 46.1 2.6 205 39
mC K X0 - 212 96 346 52
Sub-total 189 - 29.9 6.1 45.1 408

Table 8. Percentage (requency distributions of M morp-
hotypes in Micronits agrestis and AL nivaloides.

Popu- Maorphotype

tation ni ar ag  co X N
al 160 460 180 120 B.O 50
a2 M3 356 286 48 167 12
Sub-total 152 413 228 87 120 22

sA 329 561 3.7 49 2.4 82
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Tablc 9. Percentage (requency distributions of the M’ morphotypes in Chiononys nivalis, Ch. gud,
Ch. roberti, (1) Ch. burgondiac, Microtus occonomus and M. malci.

Popu- Morphotype

fation le mi ni na he oc gu ro N
nl 88.5 - 11.5 - - - - - 20
n2 579 - 41.2 - - 09 - - 114
n3 57.8 - 422 - - - - - 83
n4 80.8 38 154 - - - - - 52
ns 51.9 - 463 1.8 - - - - 54
no 4.0 - 500 3.0 - - - - 66
n7 377 - 61.6 - 0.7 - - - 138
n8 28.6 - 45.6 229 29 - - - 35
n9 402 34 46.1 2.3 1.1 6.9 - - 87
nl0 28.6 5.7 51.4 114 - 29 - - as
nll 17.5 150 60.0 5.0 - 25 - - 40
nl2z 143 - 643 214 - - - - 14
nl3 25.0 - 70.8 4.2 - - - - 24
nl4 11.0 4.4 61.5 209 22 - - - 91
nis 6.5 4.3 60.9 19.7 43 43 - - 46
nlé 89 7.5 553 10.4 134 4.5 - - a7
nl7 339 27.0 128 248 04 11 - - 274
ni8 357 - 64.3 - - - - - 14
nl19 66.7 - 250 83 - - - - 12
n20 71 - 71 787 - 71 - - 14
n2l 17.8 - 521 6.8 20.6 27 - - 73
n23 12.0 6.0 68.0 8.0 20 4.0 - - 50
n24 220 40 62.0 20 4.0 6.0 - - 50
n25 23.4 - 724 2.1 21 - - - 47
n26 200 - 534 13.3 133 - . - - 15
nS 50.0 - 50.0 - - - - - 10
nT 2.1 - 2.1 63.6 182 - - - 11
Sub-lotal 348 6.7 44.1 10.2 2.6 16 - - 1542
bA 941 - 5.9 - - - - - 34
02 - - - 203 - 66.1 13.6 - 59
mA - 5.5 - 834 - 11.1 - - 18
mB - 4.3 43 827 - 87 - - 23
mC - 13 49 63.9 - 219 - - 41
Sub-total - 6.1 37 744 - 158 - - 82
gl - - - - - 20.6 55.6 238 63
g2 - - - - - 338 60.1 6.1 65
g3 - - - - - 41.7 58.3 - 12
Sub-1oal - - - - - 28.6 578 13.6 140
rl - - - - - 229 16.9 60.2 53
r2 - - - - - 125 15.3 722 T2

Sub-1onal - - - - - 181 16.1 65.5 155




Table 10. Chionomys nivalis and (7) Ch. burgondiae. Measurements and ratios of M1. See text for explanation of the calculated ratios 2/1, 4/3 and 5/1 .

Paramelers

Code 21 43 51

N OR M sD OR M SD OR M 8D OR M sD
1 2 3 4 5 6 7 8 9 10 11 12 13 14
nl 28 278-329 298 015 452-511 48.5 20 23-256 11.1 64 2.6-10.0 5.2 20
n2 112 272-356 306 016 429-527 476 1.8 14-54.1 18.7 100 27-17.7 6.1 28
n3 63 267-339 297 016 453-53.6 488 14 1.1-438 15.0 15 35-115 7.0 2.6
n4 49 270-326 293 014 43.6-50.5 46.9 16 51-419 204 89 4.7-123 7.3 26
n5 60 2.56-3.15 283 013 433562 485 24 62-419 237 8.6 22-14.7 7.0 29
né 66 263-309 289 012 44.6-529 493 20 1.2-49.1 164 100 21-128 6.8 32
n? 130 244-343 299 0.15 44.8-53.7 49.6 1.8 1.1-402 11.1 6.4 22-138 8.5 2.7
n8 36 244-312 289 012 459-532 494 1.7 22-279 113 73 33-121 79 2.4
n9 86 232-339 295 0.19 43.5-535 496 1.6 1.1-303 102 7.4 1.4-133 79 2.5
nl0 36 260-340 312 013 469555 50.0 1.8 23-301 15.2 7.8 33-124 8.9 20
nll 38 271-3.24 kX | 013 45.0-515 493 1.5 1.1-318 114 7.1 41-10.7 73 18
n12 14 266-316 290 016 47.2~509 496 1.2 14-143 5.5 4.0 34-105 6.8 23
nl3 26 2.60-320 295 0.15 46.0-51.9 48.8 1.6 13-237 98 7.6 20=-132 7.1 27
nt4 123 244-340 3.01 0.14 43.5-54.7 49.5 1.8 1.2=-250 6.6 45 1.3-1206 72 2.6
nls 46 270-332 300 018 454 -53.1 49.5 1.9 1.2-26.6 78 59 32-102 13 1.6
nlé 70 2.67-13.55 3.07 0.15 452-557 493 1.8 1.0-167 6.0 35 34-106 7.0 1.5
nl7 353 232-328 292 013 44.2-54.5 50.0 1.6 1.2-38.6 11.8 78 3.7-169 10.0 24
nl8 10 2.64-296 2.83 012 46.3-52.0 49.2 1.7 27-313 14.4 7.7 59-11.1 9.0 1.7
nl9 8 268-275 271 0.03 46.9-522 49.1 1.7 189-263 222 2.2 52-109 6.8 1.8
n20 14 278 -3.07 290 010 42.5-498 45.8 2.5 53-43.7 240 125 48-135 9.6 28
n2l 76 2.52-332 3.00 Q.15 443-529 49.1 1.8 1.1-143 6.8 35 1.8-120 73 2.0
nz2 4 2.89-313 300 011 46.0-51.1 488 22 36-89 72 2.1 8.6- 97 92 0.5
n23 39 244 -296 274 015 46.5-53.6 49.6 1.9 1.2-139 73 34 23127 7.5 2.0
n24 46 2.36-2.84 261 0.13 47.5-54.5 51.0 1.5 2.6-25.7 9.5 48 3.7-119 7.5 22
n25 45 2.50-322 285 0.8 46.9-52.1 49.8 1.3 2.6-278 11.0 57 45-14.1 10.0 21
n26 18 2.75-3.30 3.01 0.17 45.2-503 470 1.4 22-192 9.9 58 45- 98 13 1.3
Sub-total 1596 2.32-356 294 013 42.5-562 493 13 1.0-541 11.5 6.4 1.3-17.7 7.6 2.3




1 2 3 4 5 6 7 8 9 10 11 12 13 14
nA 136 264-325 291 014 443-533 486 L7 13-41.3 148 8.0 0.7-147 19 25
rB 8 271-305 289 012 454-523 478 23 41-109 6.5 32 4.7-126 9.2 25
nC 31 267-318 292 012 44.0-509 477 1.7 75-449 172 9.7 6.6-160 104 21
nD 9 2.67-326 287 017 46.5-522 482 1.7 32-283 119 55 24- 98 58 2.2
nE 34 265-318 287 012 448-528 480 1.8 24-283 8.4 7.2 22-195 7.8 34
aF 21 252-304 282 013 443-500 475 1.5 1.1-189 8.0 6.1 3.0- 92 6.2 18
nG 20 248-288 272 012 435-515 477 20 47-250 116 63 34-118 8.2 20
nH 26 260-290 276 009 429-514 478 20 26-250 137 59 43111 7.0 1.5
nl 32 240-29 277 013 455-515 481 1.6 14-286 110 6.6 35127 83 2.2
n} 14 268-298 279 0.2 463-507 48.7 1.1 24-320 127 8.1 30-127 19 30
nK 26 2.52-320 287 016 40.5-513 482 23 25-344 133 83 42-19.2 9.2 32
nL 60 254-312 284 014 43.7-53.1 48.6 1.9 1.4-475 111 8.2 3.4-15.7 78 3.1
nM 11 244-288 272 012 462-514 484 1.4 23-167 18 4.2 7.0-10.1 g8 0.9
nN 50 256-318 278 013 43.1-514 472 1.6 1.3-225 7.9 5.5 0.7-122 5.4 28
nQ 88 264-332 295 015 429-507 473 1.9 1.1-470 117 7.7 25-121 7.3 22
nP 60 252-326 287 017 42.7-524 468 18 1.3-25.0 7.4 5.1 3.1-106 72 1.9
nR 76 256-322 285 015 42.7-512 473 20 23-297 120 6.8 43-13.6 9.2 2.0
n$ 33 270-328 295 019 44.6-506 476 1.7 5.4-36.1 16,7 9.9 42-118 7.8 1.9
nT 22 234-306 274 018 40.6-486 455 2.2 10.0-469 332 9.8 72-203 119 32
nU 163 245-307 278 013 425-52.7 481 1.6 - - - - - -
nv 66 255-312 285 015 40.0-500 477 17 - - - - - -
nw 18 255-292 278 011 45.6-514 485 1.6 - - - - - -
Sub-total 1004 234-328 285 013 40.0-533 481 18 1.1-48.6 124 68 0.7-203 8.2 23
bA 84 256-315 279 011 423-493 458 16 31-493 251 2.6 22-314 113 8.7




Table 11. Chinomys gud and Ch. roberti. Measurements and ratios of M.

Parameters

Code

N OR M sb OR M sD OR M sD OR M Sb
gl 64 2.68-3.24 300 014 45,6~ 533 49.1 1.7 93-419 204 71 74-159 114 1.6
g2 62 2.46-3.16 274 015 43,1-523 49.1 1.7 6.8-424 221 6.4 76-153 11.4 2.0
g3 12 2.44-284 2.61 0.13 448 -508 48.2 2.0 125-325 220 59 89-143 10.6 1.4
g4 6 2.76 -3.07 289 012 48.1-51.0 493 1.2 22.8-30.1 259 21 98-14.1 122 1.7
Sub-total 144 2.44-3.24 285 014 43,1-533 49.0 1.7 68-424 218 56 74-15.9 114 1.8
gA 56 2.52-3.00 283 010 440-504 47.4 1.5 - - - - - -
B 68 2.62-3.02 286 0.10 432~51.7 47.7 1.7 - - - - - -
gC 16 252-297 274 012 43,0-505 47.7 21 - - - - - -
gD 57 2.50-2.95 273 009 422-519 479 1.9 - - - - - -
sE 30 2.60=3.02 277 011 448-514 48.2 2.0 - - - - - -
el 23 2.52-3.00 276 012 443522 48.6 22 - - - - - -
gG 21 2.55-292 272 010 450 -49.6 47.8 1.1 - - - - - -~
¢H 22 2.48-2.96 270 013 47.1-51.6 49.0 1.5 - - - - - -
Sub-total 293 2.48-3.02 278 010 42.2-522 47.8 1.8 - - - - - -
rl 81 2.72-3.40 3.03 018 46,4 =538 50.6 1.5 49-385 23.1 71 60-153 11.1 19
r2 72 2.93-3.45 322 015 46,7-54.6 50.9 1.6 95-382 21.6 6.3 58-145 163 1.9
Sub-total 153 2.92-345 31 0.16 46.4—54.6 507 1.5 4.9-385 22.2 6.8 58~153 10.8 1.9
A 21 2.87-3.25 06 0,09 443-537 49.5 24 - - - - - -
3 10 290-325 06 011 4583-534 50.2 1.9 - - - - - -
Sub-total 31 2.87-3.25 06 010 443-537 497 20 - - - - - -




Table 12, Microtus oeconomnus and Microtus malei. Measurements and ratios of M.

Parameters
Code 211 4/3 N
N OR M sD OR M $D OR M sD OR M sD
ol 49 272-329 295 012 435-51.7 479 1.8 158-437 305 59 56-273 210 45
ol 59 261-317 284 012 44.7-505 478 13 17.3-500 330 6.1 5.4-304 199 59
Sub-total 108 261-329 289 011 435-517 478 15 158-500 320 6.0 54-304 202 351
mA 58 275-339 307 015 488-56.7 521 1.6 23-4438 178 106 6.2-23.6 107 4.1
mB 29 273-326 289 013 46.4-524 499 1.6 3.0-390 19.3 9.1 52-241 118 4.7
mC 52 263-326 287 0.4 484-546 509 1.6 13-422 116 116 39-259 12.4 6.7
Sub-total 139 263-339 293  0.14 464 -5677 510 1.6 1.3-448 153 103 39-259 11.7 5.2
Table 13. Microms agrestis and Micronus nivafoides, Measurements and ratios of My,
Parameters
Code 21 4/3 n
N OR M sD OR M sD OR M sD OR M sD
al 30 284-324 298 0.16 49.2 - 587 532 1.9 1.4-6.2 3l 1.1 28-92 6.4 1.6
a2 34 268-337 295 014 49.6-572 530 1.6 1.6-69 33 14 37-93 6.4 1.6
Sub-toal d 2.68-3.37 296 015 49.2-587 530 1.7 1.4-69 34 12 28-93 6.4 1.6
sA 74 230 -297 262 1013 47.1-355.1 305 1.7 27-182 5.1 89 29-109 6.5 1.9
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Table 14. Chionomys nivalis and () Ch. burgondiac. Measurcments and ratios of M>,

Paramclcrs
Code 1 21
N OR M sD OR M SD OR M 5D

nil 24 1.96 -2.50 214 015 38.7-482 431 23 0.26 - 0.40 032 0.04
n2 112 1.72-2.44 218 013 349-509 445 31 0.25-0.50 0.34 0.05
ni3 80 1.78-248 209 0.15 41.4-509 462 23 0.29-0.52 0338 0.05
n4 52 185-230 207 0N 41.3-50.7 451 2.2 0.26-0.48 037 0.05
ns 53 185-230 204 016 35.7-50.0 455 2.6 0.30-0.50 03¢ 0.04
no 61 1.70-233 207 0.14 33.3-511 452 3.0 0.30-050 036 005
n7? 130 1.70-2.45 212 015 426-51.6 456 28 028-048 035 005
n 8 35 196-250 216 0.14 420-608 475 28 0.20-0.52 037 006
n9 85 1.78-2.44 211 017 353-528 464 32 0.24 -0.58 037 0.06
nlo0 35 1.87-241 220 012 40.2-51.5 471 28 0.26-0.51 037 0.06
nll 38 1.98-244 220 0.2 391-509 471 27 0.32-0.50 040 0.06
nl2 14 196-227 214 0.10 44.9-50.9 485 19 0.28-0.47 0.40 0.05
ni3 22 1.84-248 209 021 391-496 443 29 0.26-0.46 035 006
nld 84 1.72-2.54 211 0.16 40.2-522 467 2.7 0220354 036 0.07
nis 46 1.82-252 214 0.18 43.0-54.7 478 24 0.30-0.58 040 0.07
nl6 58 180-262 220 0O.18 39.7-51.7 473 23 0.29-0.60 032 0.07
nl7 261 1.76-240 213 0.15 389-539 480 26 (0.28-0.54 037 0.05
nlg 10 1.90-228 213 0.10 41.7-47.1 449 1.7 0.30-0.36 033 002
nl? 8 1.70-2.04 193 012 447-510 476 2.1 0.28-0.36 034 003
n20 14 1.84-230 202 017 473-553 513 1.9 29-0350 042 0.06
n2l 74 181-240 214 013 43.9-5235 479 21 0.30-0.60 039 0.06
n22 4 1.87-2.20 1.96 0.08 48.1-523 503 21 0.32-0.36 034 002
n23 46 1.68 -2.20 1.95 0.4 41.7-51.0 46.1 2.2 0.22-0.44 033 0.05
n24 46 1.52-2.12 185 015 42.7-533 482 2.7 0.24 -0.46 032 0.05
n25 41 1.61 -2.24 194 0.16 398-520 40.6 24 026040 03t 003
n26 18 1.90-253 217 024 45.2-54.6 49.0 2.6 0.36- 051 043 0.04
Sub-lotal 1451 1.51-2.62 2.11 016 333-608 470 25 0.22-0.60 037 0.05
ns 10 1.84-220 203 013 40.4 - 50.0 449 31 0.30-0.38 034 003
nl 11 184-222 208 013 423 -52.7 480 35 0.28-0.60 046 012
bA 34 148-207 1.76 0.12 36.5-44.2 412 23 0.26-0.42 035 0.04
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Tablc 15. Chionomys gud and Ch. roberi. Measurcments and ratios of M.
Purameters

Codc 2n

N OR M sD OR M sD OR M SD
gl 62 220-283 249 017 53.2-636 583 24 062-092 076 007
g2 59 200-276 235 015 54.2-603 577 1.7 058-080 071 0.04
g3 12 208-240 224 012 50.6-603 584 1.3 0.60-076 067 0.05
g4 6 216-266 232 020 551-615 588 23 0.61-086 075 010
Sub-total 139 200-288 232 016 532-636 3582 20 058-092 072 006
r1 82 212-284 251 016 50.,7-639 584 25 0.65-088 078 006
2 72 220-292 263 016 523-048 590 29 0.63-098 083 0.06
Sub-towal 154 212-292 255 015 507-0648 536 27 065-098 079 006
Table 16, Microtus occonomus and M. malei. Measurements and ratios of M,

Paramciers

Code 2/1

N OR M sSD OR M s OR M sD
o2 59 1.81-231 209 0.11 444-568 520 22 051-072 061 005
mA 18 181-234 201 017 46.6-557 512 25 0.41-0.52 051 o006
mB 23 184230 201 0.10 448-546 488 23 036-063 050 0.07
mC 39 1.88-253 212 016 463-602 513 30 041 -0.66 053 006
Sub-lotal 80 1.81-252 205 0.14 44.8-602 508 24 036-060 052 0.06




