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EVOLUTION AND MORPHOLOGY OF MARMOTA (RODENTIA, SCIURIDAE):
ONTOGENY AND INTERSPECIFIC COMPARISON OF SKULLSOF ALL LIVING
SPECIES

IBOJIOLUSI U MOP®OJIOTUSI MARMOTA (RODENTIA, SCIURIDAE):
OHTOI'EHE3 U1 MEKBUJOBOE CPABHEHUE YEPENIOB BCEX COBPEMEHHbIX
BUJIOB

Cardini A.>", Hoffmann R.S.2, O’Higgins P.%, Sala L., Thorington Jr R.W.2, Tongiorgi P.*

'Hull York Medical School, Department of Biology, University of York and University of Hull,
York, UK; “Department of Vertebrate Zoology, National Museum of Natural History,
Smithsonian Institution, Washington, USA; *Dipartimento di Biologia Animale, Universita di
Modena e Reggio Emilia, Modena, Italy; “Dipartimento di Scienze Agrarie, Universita di
Modena e Reggio Emilia, Modena, Italy; *Correspondence author: (e-mail:
alcardini@interfree.it, ac51@york.ac.uk; University of York, Heslington, York YO10 5DD, UK,
tel. 0044 01907 321752; fax 0044 01904 321696)

Abstract. No aspect of the biology of a species should be neglected if we are to achieve a comprehensive
understanding of its evolutionary history. Marmots have been thoroughly used as model organisms by eco-
ethologists interested in the evolution of mammal societies. In contrast, phylogenetic and morphological studies
have received less attention and have seldom involved all living species. Over the last few years, several studies
have been published, which investigate morphological variation in marmots using modern morphometric techniques.
These studies have improved our understanding of marmot evolution, supporting subgeneric classifications based on
DNA sequences, suggesting an early occurrence of interspecific differences during ontogeny, showing the
importance of allometry in the development of age-specific traits, and revealing an unexpected acceleration in the
rate of morphological divergence of the youngest and most endangered marmot species, M. vancouverensis. The aim
of this paper is to provide the reader with a synthetic overview of these recent advances in the study of marmot
biology.

Pe3rome. Hu oanH acnekt 6uonorum BHIa HE AOJDKEH MIHOPHPOBATHCS, €CIM MBI XOTHM IOOUTBCS ITyOOKOTro
NOHUMAaHHUS UCTOPUHU ero 3BooiuK. CypKH BCECTOPOHHE HCIOJNB30BAINCH B KadecTBE MOJENBHBIX BHIOB SKO-
9TOJIOTAMH,  H3yYaloOLUMMH  COOOLecTBA  MJICKONMUTAOUMX. (DHUIOreHeTHYeCKUM UM MOP(OIOTHYECKUM
UCCIIeIOBAaHMAM, HANpPOTHB, YAENAIOCh MEHbIe BHHMAaHMA, KOTOpPBIE K TOMY JK€ pEeIKO BKJIIOYAIHd BCe
CyIIECTBYIOLIME BHIbI. B TeueHne mocieqHnX HECKOJIBKHX JIeT ObUIO OIyOJIIMKOBAHO HECKOJIBKO HCCIIeOBAaHHH,
N3y4aonMX MOpP(OIOrHYECKyI0 H3MEHYHMBOCTH y CYPKOB Ha OCHOBE MOP(HOMETPHYECKMX METOAWK. OTH
WCCIIeJOBaHNs yIIyOWJIM Halle ITOHMMaHHe 3BOJIOIMM CYPKOB, Ha OCHOBE IIOJPOJOBOH KIIAaCCH(HKALMH,
Gasupyromeiicss Ha mnocnexoBarensHocTH JIHK, kortopas mpenmonaraer paHHee BO3HHKHOBEHHE MEKBHIIOBBIX
pasnMuuii BO BpeMsi OHTOTEH3ea, IEMOHCTPHPYs BaXHOCTb AJUIOMETPHHM B Pa3BUTUM BO3PACTHBIX CBOMCTB M
o0Hapy K1Bas HEOXKNAAHHOE yCKOPEHNE MOP(OIOTHUECKOI TUBEPTeHIINH y CaMOT0 MOJIOOTO M YTPO’KaeMoro BHa
cypkoB M. vancouverensis. Llens manHOW pabOTHI — MPENOCTABUTH YMTATEISIM CHHTETHYECKHH 0030p MOCICIHHX
JOCTHKEHUH B MCCIIEJOBAaHUN OMOJIOTHH CYPKOB.

Key words: allometry, conservation, cranium, evolution, geometric morphometrics, mandible, morphology,
ontogeny, sexual dimorphism.

KaioueBble cioBa: amiomMeTpusi, COXpaHEHHWe, HYepel, 3BOJIOLMS, IeoMeTphueckas MopdoMeTpus, MaHIuOyIa,
MOpP]OIIOTHS, OHTOTEHNS, OJIOBOH JTUMOP(H3M.

Marmot ecology and behaviour have been thoroughly studied over the last half century
(Barash, 1974, 1989; Armitage, 1981, 1999, 2000, 2003; Blumstein and Armitage, 1997
Blumstein, 2003). However, other aspects of their biology have often been neglected. Among
these, the comparative study of marmot morphological evolution has received little attention
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PHYLOGENETIC LINKSIN THE GENUSMARMOTA AND HISTORY OF THE
ESTABLISHMENT OF ITSRANGE

OUJIOTEHETHYECKHE CBsI3U B POAE MARMOTA 1 UCTOPHUS
CTAHOBJIEHUA ET'O APEAJIA

Brandler O.V.

N.K. Koltsov Institute of the Biology of Development, Russian Academy of Sciences (Moscow,
Russia), marmot@nm.ru

Abstract. On the basis of molecular-genetic and karyological data, and also analysis of the literature the scheme of
phylogenesis of Palearctic marmots is offered. It is supposed that, pristine divergence of genus Marmota took place
in terrain of North America; there were 2 centers of speciation of marmots - primary in North America and
secondary in the Central Asia. It is possible to detect two peaks of speciation activity in history of Palearctic
marmots - the first took place in the end of Pliocene — the beginning of Pleistocene and has led to isolation M.
caudata and M. marmota, as a result of the second in second half of Pleistocene there was a differentiation of other
species. M. camtschatica has the Asian origination, a prospective parentage of M. broweri from M. camtschatica as
a result re-emigration is not sustained by molecular-genetic data. Presence only one episode of the American-Asian
migration ancestral marmot that was taken place in the end of Pliocene is supposed. The assumption about Late
Miocene penetration of primitive marmots into Asia with their subsequent extinction is probable. Repeated
migrations of marmots through Beringian bridge in Late Pleistocene, at least, in the American-Asian direction are
considered improbable.

Pe3tome. Ha ocHOBaHMN MOIIEKYJISIPHO-TEHETHYECKMX W KapHOJOTMYECKMX JaHHBIX, a TaKKe aHallM3a JINTepaTyphbl
npeasiaraeTcs cxema (uiioreHesa majgeapKTHUecKHX cypkoB. Ilpexmoraraercs 4ro, mepBoHa4YaidbHAS JUBEPTreHINS
poxa Marmota npoxonuina Ha Tepputoprn CeBepHOt AMEpHKH; CYIIECTBOBAJIO 2 EHTPa BHA000Pa30BaHMs CYPKOB
— nepBruuHbli B CeBepHOl AMepuke U BTOpU4HbIM B LleHTpanbHONM A3uu. B ncropum maneapKTHUECKHX CYpPKOB
MOXHO BBIIENUTH [Ba NMMKa BHJ000Pa30BaTENbHON aKTHBHOCTH — IIEPBbIM NMEI MECTO B KOHIIE IUIMOLICHA — Havdalle
IIeicTolleHa U puBel K obocobnennto M. caudata u M. marmota, B pe3yibraTe BTOPOro BO BTOPOM IOJIOBHHE
TielicTolleHa mpou3onnia auddepeHimams octaabHeX BUI0B. M. camtschatica mMeet a3narckoe MpOUCXOXKAEHHE,
IpernogaraeMoe IPOMCXOkIeHne oT Hero M.broweri B pesynbprare pesMuUTpalid He MOAJCPKHBACTCSI
MOJIEKYJISIPHO-TeHeTUYeCKUMHU JaHHBIMU. [Ipennonaraerca Hanu4yue TOJIbKO OZHOTO 3IH30/1a aMepHKaHO-a31MaTCKOM
MUTpallUd MPEIKOBOTO CypKa, HMEBIIEr0 MeECTO B KOHIE IUIMOLEHa. BO3MOXHO MpeanoioXkKeHue o
MO3THEMHOLICHOBOM IIPOHMKHOBEHHH IIPUMHUTHBHBIX CYpKOB B A3HIO C IMOCIEAYIONIMM WX BBIMHPaHUEM.
CunTaroTCcsl MaJIOBEPOSITHBIMH TIOBTOPHBIE MUTPAIMM CYpKOB uepe3 bepuHruiickuii MocT B HO31HEM IUIeiicTOLIeHE,
10 KpaiiHel Mepe, B AMepHKaHO-a3uaTCKOM HaIlpaBIEHHH.

Key words: phylogenesis, centers of speciation, divergence, migration, M. caudate, M. marmota, M. camtschatica,
M. broweri.

KaioueBble ciioBa: QuioreHes, LEHTP BHI00Opa3oBaHMs, AWBepreHims, murpanus, M. caudata, M. marmota,
M. camtschatica, M. broweri.

Difficulties in the reconstruction of the evolution and phylogenetic relations in the genus
Marmota result from the incomplete geological chronicle, unavailability of traits of generalized
forms in fossil marmots and differences in the rate of the evolution of various traits
(morphological, etological, cytological and molecular-genetic) in various branches of the
phylogenetic tree. Besides, the history of marmots as representatives of the Holarctic fauna is
closely linked to the evolution of the Bering land bridge, which directly affects transcontinental
migrations of animals. One of the major questions arising at the reconstruction of the history of
the formation of the range of Marmota is the center of origin and formation of this genus. Many
investigators addressed this issue many time; however, current viewpoints are often conflicting
and opposing one another.
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The timing of divergence of the marmot phylum from the tree of terrestrial squirrels dates
back to the Miocene, based on both the paleontological (Black, 1963; Gromov et al., 1965) and
molecular-genetic (Thomas, Martin, 1993) findings.

V.S. Bazhanov (1947) and V.N. Skalon (1950) believed that the genus of marmots originated
in the Miocene in Central Asia. The viewpoint of Central Asia being the center of the origin of
Marmota is supported by M.A. Erbaeva (Erbaeva, 2003) confirming it by the Miocene findings
of N.S. Shevyreva (1968) and data provided by E.V. Devyatkin (1981), who indicated the
finding of fossils of Marmotinae with unidentified genus in the area Ulan-Tologoi in Mongolia,
which belonged to marmots (M.A. Erbaeva, pers.com.).

Discussing in detail the history of marmot formation, D.l. Bibikov (1967, 1989) noted a high
possibility of the existence of two centers of the genus formation in the Nearctic and the
Palaearctic. He suggests that the montane-Asian center was secondary.

Most researchers support the opinion of the marmot phylum originally diverging from the
stem Marmotinae in North America (Hoffmann, Nadler, 1968; Hoffmann et al., 1979; Black,
1972; Koenigswald von, 1990; Rumyantsev et al., 1996; Mein, 1992; Vorontsov, Lyapunova,
1970). The arguments favoring the North American origin of marmots are the higher taxonomic
diversity and the number of the Miocene and Pliocene findings of marmots in North America, a
more significant morphological and karyological differentiation of the Nearctic species as
compared with the Palaearctic species, as well as peculiarities of distribution.

Many investigators noted a poor differentiation of the Palaearctic forms when compared to
the Nearctic ones. Using mainly the traits of the cranial and partially post-cranial sceletum, 1.M.
Gromov notes: “The level of the specific and intra-specific isolation in most modern Palaearctic
species is expressed more weakly than in the Nearctic ones...” and “...Pleistocene forms show
features of the so-called generalized forms, which witnesses a recent divergence of species,
which has not been completed until hitherto...” (Gromov et al., 1965, p. 332). D.l. Bibikov
(1967, 1989) supports a similar idea, supporting his concept on the level of closeness of modern
forms on the basis of other morphological traits (the structure of pelage, its coloration and tail
length), specific cries, parasitological data, as well as the ecological peculiarities of their
habitats.

Noting the younger age of Palaearctic marmots when compared to the Nearctic ones, most
authors use the arguments of the above-mentioned authors (Hoffmann, Nadler, 1968; Vorontsov,
Lyapunova, 1970; Zimina, Gerasimov, 1980 et al.). Besides, the sympatric and semi-sympatric
character of the distribution of three out of six American species (M. monax, M. flaviventris,
M. caligata) is referred to as the sign of a higher differentiation of the American species contrary
to the Palaearctic species, whose ranges are allopatric (Vorontsov, Lyapunova, 1970).

Reviewing the history of the formation of modern marmot species, D.l. Bibikov (1967)
suggests a migration of the ancestor of M. marmota through Beringia and Central Asia to Europe
along the ancient early tertiary elevations. Together with the movement of M. marmota
westwards, M. menzbieri, M. caudata and M. himalayana, which are considered by D.I. Bibikov
as the most ancient and primitive forms of the remaining Eurasian marmots, occupied elevations
of Central and Middle Asia,. The Himalayan marmot is recognized as the progenitor of the
marmots of bobak group.

A more distinct picture of historic interrelations of Nearctic and Palaearctic marmots is
provided by R. Hoffman with co-authors (Hoffmann, Taber, 1967; Hoffmann, Nadler 1968).
According to the concept of these authors, the genus of marmots emerged in the early Pliocene in
North America and during the Pliocene the marmots migrated to Eurasia across the Bering land.
In their opinion, a primitive North American marmot that migrated to Eurasia had a
morphological similarity with M. monax and M. marmota, and was less specialized ecologically.
As a result of migrations in the Pliocene and the early Pleistocene the marmots occupied the
territory of modern ranges of M. marmota, M. sbirica, M. caudata, M. menzbieri and
M. baibacina. In the late Pleistocene, the marmots that gave rise to M. himalayana,
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M. camtschatica and M. broweri migrated from the center of distribution of baibacina in the late
Pleistocene. This scheme, on the whole, holds with Bibikov’s construction, showing two peaks
of formation in the Pliocene and Pleistocene.

Based on the comparative analysis of species-specific bioacoustic characteristics of marmots,
A.A. Nikol’skii (1976) reasons that M. caudata was the first to become isolated from the general
tree of the Palaearctic marmots, followed by M. menzbieri and M. camtschatica, while the last
ones were marmots of the bobak group.

The most diverse are ideas about the part of the history of marmots that concerns the
Palaearctic forms constituting the bobak group. V.S. Bazhanov (1947) considered this group to
be the most ancient. Sharing the views of V.S. Bazhanov, V.N. Skalon (1950) reconstructed the
history of this group on the basis of the ideas of Western Mongolia being the native land of these
marmots. According to this author, the development of the forms similar to marmots took place
in eastern Sayan in the late tertiary period. In the quaternary, ancient marmots freely radiated
north-eastwardly through the region of modern Sayan, upstream of the River Lena and the Baikal
depression. Simultaneously, the marmots migrated in the south and south-western direction as
far as the Himalaya Mountains, where the previously isolated and becoming significantly distinct
species could emerge” (p. 9). For a long time, the marmots of western Mongolia had a common
range with the M. baibacina and M. bobak, and became separated during the peak of the
glaciation.

Contrary to these representatives, most researchers note a more recent history of the part of
the Eurasian marmots that they attribute to the bobak group. On the basis of paleogeographic
findings and comparison of ecological-morphological traits of various forms of marmots, as well
as the parasitological materials, D.l. Bibikov (1967) suggest the formation of the most forms of
bobak group “somewhere in the mountains of southern Siberia and eastern Tien Shan” (p. 53),
from which they migrated in north-eastern and north-western directions. According to these
views, M. baibacina was the first to become separated from the M. himalayana in north-western
part of the range. M. camtschatina, which had settled in the early Pleistocene, was isolated from
M. sibirica only in the Holocene.

The time of separation of M. bobak in the west of the range of ancient marmots is accepted to
take place in mid- or late Pleistocene. D.l. Bibikov shares the opinion expressed by V.I.
Kapitonov (1966) about the penetration of M. bobak to Central Kazakhstan after the Hvalyn
transgression, which brought about the replacement of M. baibacina with this species. The
forest-steppe marmots of western Siberia are recognized as the relics of the early and mid-
Holocene.

Thus, we can see that the existing diversity of concepts about the history of the genus
Marmota arouses a number of questions. This work is devoted to the attempts to find answers to
these questions. This work is based on the studies of karyotypes and polymorphism of proteins
and nuclear DNA of marmots (Brandler, 1999; Mezhzherin et al., 1999; Lyapunova et al., 2003;
Brandler, Boyeskorov, 2003; Brandler, 2003a, b, c; Brandler, 2005), as well as the analysis of
literature devoted to the molecular-genetic, morphological, ecological and other traits of
marmots, as well as the paleontological and phylogenetic reconstructions. The following
questions were raised:

- Where did the initial divergence of the genus Marmota took place — in North America or

Eurasia?

- How many centers marmot speciation existed and where?

- What is the origin of trans-Beringia species M. camtschatica and M. broweri, as well as

the numbers and direction of the trans-Beringia migrations of marmots?

The basis for this work is a scheme of phylogenesis of Palaearctic marmots (fig. 1)
developed by us and a reconstruction of the formation of their range.
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Figure 1. A scheme of phylogeny of Marmota: A — the first peak of speciation in Palaearctic
marmots (the late Pliocene — early Pleistocene); B — the second peak of speciation (the mid- and
late Pleistocene); 1 — possible phylogenic links, the justification of which requires additional
proof.

Pucynok 1. Cxema ¢uioreHesa cypkoB poga Marmota: A - mepBblii MUK BUA000pa30BaHUs
najeapKTUYeCKUX CYpKOB (KOHeIl IJIMOIeHa - HayaJlo IuUiekcroneHa); B - Bropoil mnuk
BU1000pa3oBanus (cepennHa - KOHEI IUIeiCcToleHa); 1 - BO3SMOXKHBIE (PHIOTCHETHYECKHE CBSI3H,
000CHOBaHHE KOTOPBIX TPeOyeT AOMOIHUTENbHBIX JOKA3aTENbCTB.

The findings of Miocene marmots are reported from North America (Black, 1963) and
Eurasia (Shevyriova, 1968). The North American findings are more numerous and include these
marmot genera Palaearctomys and Arctomyoides, which may be the extinct side branches, and
Marmota represented by a small marmot, vetus (Black, 1963). The finding of an Asian Miocene
marmot in the vicinity of Lake Zaisan (Shevyriova, 1968), changes the established concept about
the Palaearctic marmots as more recent species compared to the Nearctic marmots, significantly
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increasing their age. There no detailed description of this finding, but it is believed that the found
jaw of an ancient rodent belongs to a marmot close to M. vetus.

We assume that the divergence of the Marmota branch from the general stem of terrestrial
squirrels took place in the mid-Miocene North America. At that period, Asian and American
main lands did not separate from each completely and the land connecting them was rather vast
(Petrov, 1976). This can serve as the basis for recognition of a large-scale distribution of the
ancestor forms of marmots similar to M. vetus both in North America and in Asia, where they
could have penetrated from the East before the continents became separated, which took place in
the late Miocene and the early Pliocene. However, paleogeographic and paleobotanic data
witness the prevalence of various forest biocenoses in the territory of the Beringia land in the
mid-Miocene (Biske, Baranova, 1976). Besides, comparative-morphological (Gromov et al.,
1965; Galkina, 1962; Potapova, Puzachenko, 1998), immune-genetic (Zholnerovskaya et al.,
1990), karyological (Vorontsov et al., 1969; Vorontsov, Lyapunova, 1970) and molecular-
genetic (Steppan et al., 1999; Kruckenhauser et al., 1999; Brandler. 2003b) findings indicate a
more recent age of the Palaearctic species, which excludes the opportunity of drawing a phyletic
line from the Asiatic Miocene marmots. If the Miocene finding of marmots in Asia is accepted as
true, it will be possible to suggest that in that period the marmots did not inhabit vast areas and
had disappeared by the late Miocene, when as a result of the climate warming forest biocenoses
expanded and open areas suitable for their habitation had dwindled. (fig. 2).

It is most likely that the initial Pliocene differentiation of marmots took place in America,
while in Asia the marmots emerged only in the beginning of the late Pliocene, when a significant
fall of temperature resulted in the loss of forests in northern margins of north-eastern Asia and
Alaska, which had been connected by a land bridge (Petrov, 1976; Biske, Baranova, 1976;
Yurtsev, 1976).

It is possible to assume that a 38-chromosome Caudata-like marmot penetrated Asia in that
period. Its relation to the Amrican M. monax, which also has 2n=38, is quite possible. Our
analysis of polymorphism of nuclear DNA (IS-PCR) (Brandler, 2003b), the sequencing of the
cytochrome b gene (Steppan et al., 1999; Kruckenhauser et al., 1999), immune-genetic
(Zholnerovskaya, 2002), comparative-morphological (Gromov et al., 1965) and bio-acoustic
(Nikol'skii, 1976) data, as well as the analysis of the adaptive evolution of marmot coloration
(Kapitonov, 1991) indicate the older age of the form Caudata among the Eurasian marmots. As
noted earlier, marmots, probably, were not numerous in that period (Gromov et al., 1965;
Zimina, Gerasimov, 1980; Erbaeva, 2003). The expansion of marmots radiated from north and
east to south and west simultaneously with the expansion of forest-free zones from north
southwards as a result of the total fall in the climate temperature (Yurtsev, 1976; Biske,
Baranova, 1976).

The most probable scenario is the formation of 3 to 4 forms of marmots in Eurasia in the late
Pliocene resulting from the rapid colonization of open steppe or savanna areas, as well as the
montane steppes. As a result, the ancestor of M. caudata colonized the mountain systems of
Central Asia. At the same time or a little later, in the early Pleistocene, the isolation of marmots
in the far western part of the range caused the formation of M. marmota in Europe in the second
half of the Pleistocene. Other marmots in the early Pleistocene represented slightly
differentiated sibirica- and himalayana-like forms. This is confirmed by a significantly larger
divergence of caudata and marmota from each other and from other Palaearctic forms by the
morphological traits (Gromov et al., 1965), data of the analysis of nucleotide sequences of
cytochrome b (Steppan et al., 1999; Kruckenhauser et al., 1999) and IS-PCR (Lyapunova et al.,
2003; Brandler. 2003b).
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Figure 2. A scheme of migrations and distributions of the ancestors of Marmota in the Miocene-
Pleistocene: 1 — possible penetration of marmots to Asia in the Miocene (M. sp. cf. vetus); 2 — the
colonization of marmots in Eurasia in the late Pliocene-early Pleistocene; 3 — a supposed range
of marmots in the early Pleistocene; 4-7 — mid-Pleistocene refuges (4, M. marmota; 5, M.
menzbieri; 6, M. caudata; 7, Mongolian-Himalayan range of ancestor of sibirica-himalayana).
Findings of fossil marmots (by Rumyantsev & Markova, 2000): 8, the Miocene; 9, the Pliocene;
10, mid- and early Pleistocene.

Pucynok 2. Cxema Murpanuii 1 pacpocTpaHeHus MPeaKoB CypKoB poaa Marmota B muoreHe -
ieiicroreHe: 1 - BO3MOKHOE MPOHUKHOBEHHE Ha TEPPUTOPHUIO A3uu CypkoB B MuotieHe (M. p.
cf. vetus); 2 - 3acenenue cypkamu EBpa3uu B KOHIE IUIHOLICHA - Havaje IuieicToreHa; 3 -
npejnojiaraeMblii  apean CypkOB B Hadvaie IuieiicToneHa; 4-7 — CpeHerieicTOleHOBbIE
pedyruymsl (4 - M. marmota, 5 - M. menzbieri, 6 - M. caudata, 7 - MOHTOJIbCKO-TUMaTACKHiA
apean mpeaka Sbirica-himalayana). Haxomku wuckomaembix cypkoB (mo Rumyantsev &
Markova, 2000): 8 — muoueH; 9 — ruinoneH; 10 — cpeiHui ¥ paHHUH MICHCTOLICH.

The ensuing first rise in temperature in the Pleistocene led to the overall expanse of the forest
range (Giterman, Golubeva, 1965), which caused marmots to disappear from south-eastern areas
of Europe and a significant reduction and fragmentation of the marmot range in Asia. In
particular, the marmotshad to move from north-eastern areas to central areas of the main land,
which preserved vast areas of steppe biocenoses during the entire Tertiary owing to an increased
continental climate (Bannikov, 1954) (Fig.?2). It is quite possible that the beginning of
differentiation between the forms himalayana and sibirica, which had had a common habitat for
a long time, took place at this period (probably, until mid-Pleistocene).

M. menzbieri can be an early Pleistocene derivate, which differentiated in one of the montane
refugees of Central Asia. However, the contradiction of the data obtained as a result of the
analysis of morphological and bioacoustic traits, and the polymorphism of mitochondrial and
nuclear DNA of marmots prevents from drawing certain conclusions about the timing of the
divergence of M. menzbieri and its position in the phylogenetic tree. The same is applied to
M. broweri. On the basis of the sequencing of b cytochrome (Steppan et al., 1999), it is possible
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to accept the differentiation of M. broweri from the general stem of caudata-like marmot as a
result of its isolation in the Alaska refuge. However, our unpublished data on IS PCR, according
to which M. broweri is a well differentiated North American species, are in conflict to this.

Another outbreak of species forming activity is connected to the late Pleistocene expanse of
marmots, to which a large-scale development of periglacial landscapes during the mid- and late
Pleistocene glaciations contributed. This is confirmied by a number of findings of fossil
marmots of that period (Zimina, Gerasimov, 1980). Under favorable paleogreographic
circumstances, the marmots occupied vast areas of periglacial steppes of Europe in the west to
Kamchatka in the East (Zimina, Gerasimov, 1980; Rumyantsev et al., 1996). The advancement
of marmots at this stage was most likely to take place from the south and east north- and
westwards from the mid-Pleistocene refuge, in the area of which the forms himalayana and
sibirica became differentiated.

The sibirica-like form was most likely to be an ancestor of the forms sbirica and
camtschatica, as well as that of the progenitor of baibacina and bobak (pro-bobak). M.A.
Erbaeva (2003) suggests that the differentiation of M. sibirica and M. camtschatica started in the
early Pleistocene and originally the form camtschatica was confined to plain lands. It was later
that due to a gradual rise of the Baikal ridges in the Pleistocene this form acquired the traits of
montane inhabitants, which enabled this form to expand over the montane systems of Yakutia
and Kamchatka. Data on a larger degree of the differentiation of M. c. doppelmayeri from two
other subspecies of M. camtschatina (Boeskorov et al., 1999) are consistent with this concept.

Another — the western — branch of the sibirica-like marmot was pro-bobak. A significant
closeness of bobak and M. baibacina in comparison with other marmots is consistent with
molecular-genetic findings (Steppan et al., 1999; Brandler, 2003b). We relate the rapid expanse
to the second Pleistocene glaciation — the Illinois (riss) that took place about 100.000-600.000
years ago. In that period, the marmots intensively colonized new territories of periglacial steppes
of West Asia and Europe, forming geographic races and showing the traits of general forms
(Gromov et al., 1965; Zimina, Gerasimov, 1980).

The Mikulin interglacial period (75.000-130.000 years ago) accompanied with a decreasing
continental climate and growing climatic humidity, as well as developing forest biocenoses
(Voropai L.I., Kunitsa, 1989) resulted in the dwindling and fragmentation of range of marmots
of this group. The beginning of the differentiation of forms bobak (in steppes) and baibacina (in
the mountains of Altai and Tarbagatai) of both the plain land and mountain marmots might have
taken place in that time.

The following cyclic changes of the paleogeographic circumstances predetermined by three
successive glaciations alternating with interglacial rises in temperatures were most likely to have
caused the fluctuations in the ranges of marmots with their temporary fragmentation. The
formation of the Great periglacial system of the flow of North Eurasia to the maximum of the
last global fall of temperatures, which took place 17.000-21.000 years ago, could have caused a
significant fragmentation of the northern part of the marmot ranges to the east of the Volga
(Grosval'd, Kotlyakov, 1989). The result was the formation of vast inland water basins in eastern
and western Siberia, Turgai spillway and a significant expansion and flooding of the flood-lands
of Siberian rivers. The isolation of 36-chromosome form of kastschenkoi in western Siberia and
the emergence of intraspecific forms M. bobak (Brandler, 2003a, b) can be dated back to that
period.

Based on the above-mentioned materials, we can provider answers to the questions:

- the primary divergence of speciation of marmots took place in North America;

- there were two centers of marmot speciation — the primary in North America and

secondary in Central Asia;

- two peaks of speciation activity are noted in the history of the Palaearctic marmots. The

first took place in the late Pliocene-early Pleistocene to result in the differentiation of
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M. caudata and M. marmota; the second peak resulted in the differentiation of other
species (Fig. 1);

- M. camtschatica has an Asiatic origin; the supposed descent of M. broweri (Vorontsov,
Lyapunova, 1976; Hoffmann et al., 1979) from it as a result of the reinvasion is not
supported by the analysis of the cytochrome b sequencing (Steppan et al., 1999) and IS-
PCR (Brandler, 2003b). However, this question requires a further study. The presence of
only one episode of the American-Asiatic migration of the ancestor marmot, which took
place in the late Pliocene, is suggested. If the finding of the Miocene marmot near Lake
Zaisan is recognized as true, it will be possible to suggest the late-Miocene penetration of
the primitive marmots to Asia with their subsequent extinction. Similarly to 1.M. Gromov
(Gromov et al., 1965) we believe repeated migrations of marmots through the Beringia
bridge in the late Pleistocene, at least in the American-Asiatic direction, as unlikely.
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TpynHOCTH B peKOHCTPYKLIMHU 3BOJIOLMH U (PUIIOr€HEeTUYECKMX OTHOLIEHUH B poae Marmota
CBSI3aHbl C HEMOJHOTOW T'€OJIOTMYECKOW JIETOMHMCH, HaMYueM 4YepT 0O0O0OHIeHHBIX (OpM Yy
UCKOMAaeMBbIX CYpKOB M  pa3lIM4YMsIMM B CKOPOCTH SBOJIIOLMU  pa3HbIX IPHU3HAKOB
(Mopdonornvyeckux, STOTOTMYECKUX, LUTOJIOTHYECKUX M MOJIEKYJIPHO-TEHETUYECKUX) B
pa3HbIX BETBSIX (UIOTr€HEeTHYEeCKOro apesa. Kpome Toro, MCTOpusi CypKOB, KakK MpeacTaBUTENeH
roJIApKTUYECKON (payHbI, TECHO CBsI3aHa C IBOJIIOIMEN BepuHTuiicKkoro MocTa, HermoCpeICTBEHHO
BIMSIOIIEH HA TPAHCKOHTUHEHTAJIbHBIE MUTPALMK JKUBOTHBIX. OJHUM W3 OCHOBHBIX IpH
PEKOHCTPYKLMU WCTOPUHU CTAHOBJIEHHUs apeana poia Marmota sisisieTcst BOnpoc 0 LEHTpPE ero
NPOMCXOXKAEeHUS U (opMUpOBaHUs. MHOIHME HCCIe0BaTeNN HEOHOKPATHO 00pallaiuch K 3TOH
T€ME, HO CYyLIECTBYIOLIME TOYKM 3PEHHUS YacTO JAWaMEeTPaibHO MPOTHUBOMOJOXKHBI U
NPOTUBOPEYHBHI.

Bpemsi nuBeprenunu ¢uimyma cypkoB OT OOLIEro CTBOJIA HA3eMHBIX O€IMUYbUX JaTHpYyeTcs
MHUOILICHOM Kak 1o maneonronornyeckuM (Black, 1963; Gromov et al., 1965), tak u mno
MoJekyspHo-reHetnyeckum (Thomas, Martin, 1993) naHHbIM.

B.C. baxanos (Bazhanov, 1947) u B.H. Ckanon (Skalon, 1950) cuwuranu, 4to poa cypkoB
BO3HUK B MHolleHE B LleHTpanbHON A3uu. TOUKy 3peHHMs Ha LEHTPAIbHYK A3HWI0 KaK LEHTP
npoucxoxaenus Marmota noanepxxuBaer 1 M.A. EpbaeBa (Erbaeva, 2003), moarsepxnas ee
muorieHoBbiMu Haxonkamu H.C. IlleBbipeBoii (Shevyriova, 1968) u nanusimu E.B. [leBsiTkuna
(Devjatkin, 1981), kotopslii yka3zal Ha OOHapyKe€HHE B MHOLICHE MECTOHAXOXICHUS YIaH-
Tonoroit 8 Mounronuu ocratkoB Marmotinae ¢ HeompeaeneHHONH POIOBOM MPHUHAMAIEKHOCTBIO,
OTHOCALIErocs, Mo ycTHoMY coobieHnio M.A. EpGaeBoii, k cypkam.

J.U. bubukos (Bibikov, 1967, 1989), moapoOHO o00CyXkmas HCTOPUIO (OPMHPOBAHUS
CYPKOB, OTMeuYaeT OOJbILIYI0 BEPOATHOCTh CYLIECTBOBAHUS JBYX LEHTPOB (hopMOOOpa3zoBaHuUs
pona — B Heapktuke u B [laneapkruke. [Ipu 3TOM OH npeamnoiaraet, 4To ropHOA3UaTCKUN HEHTP
MMeJl BTOPUYHBIN XapakTep.

bonblIMHCTBO HccnenoBareneil MoOAAepKUBAaeT MHEHHE O TOM, 4YTO (UIYM CYpKOB
TIepBOHAYAILHO JAMBEprupoBan ot crBosia Marmotinae Ha Ttepputopunm CeBepHOl AMepHKH
(Hoffmann, Nadler, 1968; Hoffmann et al., 1979; Black, 1972; Koenigswald von, 1990;
Rumyantsev et al., 1996; Mein, 1992; Vorontsov, Lyapunova, 1970). B kauecTBe apryMeHTOB B
NOJb3y ~ CEBEPOAMEPUKAHCKOTO  MPOUCXOXKICHUS  CYpKOB  TpUHUMaeTcss  Ooibliee
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TaKCOHOMHYECKOE Pa3HOOOpa3re W YHCIIO MHOICHOBBIX M TUITMOIICHOBBIX HaXOIOK CYpKOB Ha
tepputopun CeBepHOl AMepukH, Oosee 3HaYMTeIbHAas MOP(HOIOTHIEcKas U KapuoJIorniecKas
middepeHnranus HeapKTHIeCKUX BHUIIOB TI0 CPaBHEHHWIO C TajleapKTUYECKUMH, OCOOCHHOCTH
pacnpocTpaHeHHs.

MHorue uccaeaoBaTelid oTMeuanu ciadbyr nuddepeHnnanuio najseapkTuieckux GopM 1o
CpaBHEHUIO ¢ HeapkTuyeckuMHU. .M. I'poMOB, ucronb3yst B OCHOBHOM ITPU3HAKU KPAHUAILHOTO
M YaCTMYHO T[OCTKpaHUAIBHOTO CKeneta, orMmedaeT. "CTemeHb Kak BHJIOBOTO, TaK W
BHYTPUBHJOBOTO 000CO0JIEHUs] y OONBLIIMHCTBA COBPEMEHHBIX MajeapKTUUYECKUX BHUIOB
BBIpakeHa ciabee, 4yeM y HEapKTHYECKHX..."; "...MIeicToleHOoBbIe (OpPMBI OOHAPYKHUBAIOT
YepThl TaK Ha3bIBAEMBIX OOOOIIEHHBIX (OPM, CBUAETENBCTBYS O HEAABHEM DPACXOXKIECHUH
COBPEMEHHBIX BHOB, HE 3aKOHUHMBIIIEMCs erle u ceiiuac™ (Gromov et al., 1965). [IpumepHo ToM
ke Touku 3penust npuaepxkusaercs [1.W. bubukos (Bibikov, 1967, 1989), ocHoBbIBas cBOM
CYXJIEHUSI O CTETIeHH OJM30CTH COBPEMEHHBIX (OPM Ha APYruX MOP(HOIOTHYECKUX MPHU3HAKAX
(cTpykType Mexa, ero okpacke, JUIMHE XBOCTa), CHEHU(PHUUECKUX KPUKaX, Mapa3HuTOJOrHISCKUX
JIAHHBIX, a TAKXKE IKOJIOTHUECKUX OCOOCHHOCTSX OOUTaHHSI.

B nanpHeiieM OOJBIIMHCTBO aBTOPOB, TOBOPsSl O OOJbIIEH MOJOAOCTH MaleapKTHUYECKUX
CYPKOB 10 CpaBHEHHMIO C HEapKTHMYECKHMMHM, Yalle BCEro oOpallaloTcs K apryMeHTaluu
BhIlIcHa3BaHHBIX aBTopoB (Hoffmann, Nadler, 1968; Vorontsov, Lyapunova, 1970; Zimina,
Gerasimov, 1980 et al.). Kpome Toro, kak npusHak Oosbliei auddepeHunanmn aMmepuKaHCKUX
BUJIOB MTPUBOAMTCS CUMIATPUUECKUI U CEMUCUMIATPUUECKUI XapaKTep pacripoCTpaHeHUs Tpex
u3 mect amepukanckux BumoB (M. monax, M. flaviventris, M. caligata), B oriauumne ot
najJeapKkTHYeCKUX BUIOB, BCe apeasbl KOTOphIX ayutonaTpuunsl (Vorontsov, Lyapunova, 1970).

PaccmatpuBas ucroputo (popmupoBaHusi coBpeMeHHbIX BUIOB cypkoB JI.M. bubukos
(Bibikov, 1967), mnpennonaraer wmwurpanuto mnpeaka M. marmota uepe3 bepunruio u
LlenTpanbHyto A3WI0 MO IPEBHUM PaHHETPETUYHBIM MOAHATUSAM B EBpomy. OIHOBpeMEHHO C
npoaswkeHrneM M. marmota Ha 3amaj 3aHUMalOT ropHsle nogHATHA LlenTpansHoit U CpenHeit
A3uu  cypok MeH30uMpa, KpacHBIW M THMaJTACKUN CYpKH, KOTOpBIE paccMaTpHUBAIOTCS
J.W. bubukoBeiM Kak Oonee apeBHHE M Ooyiee MPUMUTHBHBIE (OPMBI CpPelU OCTaJbHBIX
€BpPa3MICKUX CYpPKOB. ['MMamaicKuil CypoOK NpPHU3HAETCS POAOHAYAIBHUKOM CYPKOB TPYIIbI
bobak.

Bonee omnpeneneHHO PUCYIOT KapTUHY MCTOPHUYECKUX B3aMMOOTHOIICHWH HEAPKTHUECKUX U
naneapkrudeckux cypkoB P. Xoddmanu c¢ coaBropamu (Hoffmann, Taber, 1967; Hoffmann,
Nadler, 1968). CoriacHo mpeacTaBIEHUSM 3THX aBTOPOB POJ CYPKOB IMOSIBUIICS B PaHHEM
ronieHe B CeBepHOl AMepuKke M B T€UEHHUE IUIMOLIEHa CypKH MUrpupoBaiu B EBpazuto uepes
bepunruiickyto cymy. Ilo uxX MHEHUIO, TPUMHTUBHBIA CEBEPOAMEPUKAHCKUN CYPOK,
murpuposasinii B EBpasuto, umen mopgonoruueckoe cxoacrso ¢ M. monax u M. marmota, u
ObUT HauMeHee CIEeNWATM3UPOBAaH  JKOJOTMYECKH. B pesynbraTte IUIMOLIEHOBBIX U
PaHHEIUIEHCTOLUEHOBBIX MHIpAaLUMid CypKH 3aHSJIM TEPPUTOPUI0 COBPEMEHHBIX apeasioB
M. marmota, M. sibirica, M. caudata, M. menzbieri u M. baibacina. B mo3guem nielicrorene u3
LHeHTpa pacrpocTtpaneHus baibacina mwurpupoBanu cypku, naBmwue Havano M. himalayana,
M. camtschatica, M. broweri. Dta cxema B 0OWMX uYepTax HE MPOTUBOPEYMT MOCTPOCHHSIM
J.W1. bubukoBa, moka3eiBas JiBa muka (popmMooOpa3oBaHus — MIMOLEHOBBIN U MIIEHCTOLIEHOBBIA.

A.A. Huxonsckuit  (Nikol'skii, 1976) ©Ha oOCHOBaHMM CpaBHHUTEIBHOTO aHaIW3a
BUZOCHEU(PUIECKUX OMOaKyCTHYECKHX XapaKTEpUCTHK CYpPKOB CUMTAeT YTO, MPEXAe BCEX OT
o0lero JApeBa TNajleapKTHYECKUX CYpKOB wu3onmupoBaics M. caudata, Bcrex 3a  Hum
IMOCIEI0BATEIBLHO OTIENSAIINCE M. menzbieri u M. camtschatica, [MOCIETHUMHU
nuddepeHIrpoBaIrch Cypku rpymnsl bobak.

Haubonee pasHooOpa3Hbl MpeACTaBieHUs] O TOM YacTW UCTOPUU CYPKOB, KOTOpasl Kacaercs
naneapkTudeckux Qopm, cocrapistoumx rpynmy bobak. B.C. baxanos (Bazhanov, 1947)
cuuTtasl 3Ty rpymnny HaumbOosiee napeBHed. B.H. Ckamon (Skalon, 1950), pa3zmensisi B3risabi
B.C. baxxaHoBa, pPEKOHCTPYHpOBal MCTOPUIO OTOH TPYyNIbl, HUCXOAS W3 MPEACTABICHUS O
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3anagHoli MOHTOIMM Kak POAMHE 3THUX CypKoB. COrilacHO 3TOMy aBTOpy oOpaszoBaHue (Gopm
NOJOOHBIX CypKaM TMPOMCXOAWSI0 Ha Tepputopur BocTounbix CasH B KOHLE TPETHYHOTO
nepuoja. B ueTBepTHUHOM nepuojie ApPeBHUE CYPKHU OECIPENATCTBEHHO PACCENIIUCh Ha CEBEpO-
BOCTOK 4epe3 oOnacth HeiHeIHUX CasiH, BepxoBbs JleHs! u BnanuHy baiikana. OqHOBpeMeHHO ¢
3TUM, CYpPKHM MUTPUpPOBajIM Ha IOT W Ioro-3amaj Ao ['MmanaeB BKIIOUMTENBbHO, TIE ''MOIIH
BO3HUKHYTh paHee 000COOMBIIMECS, CTABIINE PE3KO OTIUUHBIMU BUIBI (cTp. 9). onblie Becero
Cypku 3anagHoii MOHTOJIMK COXpaHsIM OOIIMIA apeas ¢ alNTaliCKUM CYpKOM U Oaitbakom W ObLIN
pas3zeneHbl BO BpeMs MaKCUMyMa OJIeIEHEHHUSI.

B ornuuue oT 3THX mpeacTaBIeHUI OONBIIMHCTBO HCClEoBaTeNneil 0TMEYaloT OOJBIIYIO
MOJIOZIOCTh TOW 4YacTu (hayHbl €BPa3MHCKHX CYpKOB, KOTOPYK OTHOCAT K rpymnme bobak. Ha
OCHOBaHMM masieoreorpaduyeckux JaHHBIX, COMOCTaBJIEHHUsI 3KOJOro-MOpP(OIOrHuecKUX
ocoOeHHOCTe pa3inuyHbIX (OpPM CYpKOB M TMPHUBICUYEHHsS MAPa3UTOJOTHUYECKUX MaTepuasoB
JI.1. bubukos (Bibikov, 1967) npeamnonaraer craHoBiacHue OonbirHcTBA hopMm rpymmsl bobak
"rme-ro B ropax IOxnoit Cubupu u Bocrounoro Tsub-Llans" (ctp.53), oTkynma oHu
MUTPUPOBAJIM B CEBEPO-BOCTOYHOM U CEBEpO-3amaJHOM HampasieHusXx. CoriacHO 3TUM
NPEICTaBICHUAM paHee BCceX 00O0COOMJICS OT TMMalaiicKoro cypka Cepblil CypoK B CEBEpO-
3amaJHON YacTy apeasa. YepHOIIarnoYHblid CypOK, PACCENMBIINICS B paHHEM IUICHCTOLIeHE, ObLT
U30JIMPOBAH OT apeayna TapbaraHa TOJbKO B rojoueHe. Bpems muddepenunpoBku Oaitbaka Ha
3amaje apeaja JPEBHUX CYpPKOB MPUHUMAETCS HE paHee CepeuHbl WM KOHLA IUIeHCTOLIeHA.
J.U. bubukoB pazgenser muenue B.UM. Kanuronoa (Kapitonov, 1966) o npoHMKHOBEHHUH
crenHoro cypka B lleHTpanehblii Kazaxcran mociie XBajdbIHCKOM TPAHCTPECCHM, YTO
COMPOBOXKAAIOCH 3aMEILIEHUEM MM CcephiX CypkoB. Jlecoctenubie cypku 3anagHoit Cubupu
MPU3HAIOTCS PETUKTAMU PAHHETO U CPETHEr0 roJIoleHa.

Takum 06pa3zoM, Mbl BUJUM YTO, CYLIECTBYIOILEE pa3HOOOpa3ue npeacTaBieHnit 00 UICTOpUHU
pona Marmota craBut psi BompocoB. [lombiTkaM HAaWTHM Ha HUX OTBETHI MOCBSILEHA JaHHAS
pabora. B ocHOBe Hacrosero cooOLIeHUsl JeXaT HallM HCCIEIOBAaHUS KapUOTHUIIOB U
nonumopdusma Oenxo u saepHoii JTHK cypkor (Brandler, 1999; Mezhzherin et al., 1999;
Lyapunova et al., 2003; Brandler, Boyeskorov, 2003; Brandler, 2003a,b,c; Brandler, 2005), a
TaKXKe aHaJIM3 JIUTEPATyphl, TOCBALUICHHOW MOJIEKYJISIPHO-TEHETUYECKHM, MOPQOJIOTHUECKUM,
JKOJIOTUYECKUM M JAPYTUM  XapakTEepUCTHKaM  CYpKOB,  MAJEOHTOJIOTMYECKUM U
(buIOreHeTUYECKUM PEKOHCTPYKIMAM. bblin nmocTaBieHsl clieyolne BONpOoCh:

— IJe Npoxojauia TepBOHayalbHas OUBEpreHuus pona Marmota — Ha TeppuTOopHH
CesepHoit AMepuku win EBpaznn?

— CKOJIBKO CYLIECTBOBAJIO LIEHTPOB BU1000pa30BaHUs CYPKOB U I'Jle OHU PaClOIOKEHbI?

— UMEIOT JIM NaJleapKTUYEeCKUE BUAbl OJJMHAKOBBINM BO3PACT UM OJJHU CTapllie JPyTrux?

— KaKoBO MPOUCXOXJeHHe TpaHcOepuHruiickux BuaoB M.camtschatica u M.broweri, a
TaK)Ke KOJIMYECTBO U HAMPABIEHHOCTh TPAHCOEPUHTMICKUX MUTPALIUN CYpKOB?

B ocHoBe Hactosmiero cooOIIeHusl JEeXUT pa3paboTaHHas HaMH cxema (uiIoreHesa
najgeapkTHIeckux cypkoB (puc.l) 1 peKOHCTPYKIIMs CTAHOBJICHHUS HX apeaa.

Haxonxu mMuoueHOBBIX cypkoB M3BecTHbI kak u3 CeBepHoii Amepuku (Black, 1963), tak u
u3 EBpasun (Shevyriova, 1968). [Ipu 3Tom amepuKaHCKHE HaXOJAKH 0OJiee MHOTOYHMCICHHBI U
BKJIIOYAIOT TpH poja cypko Palaearctomys u Arctomyoides, sBasiommxcs, Mo-BUIUMOMY,
OOKOBBIMHM BBIMEpIIMMHU BETBAMM U Marmota, mpeactaBieHHOTO MeNKUM cypkoMm M. vetus
(Black, 1963). Haxonka ocTaTKOB a3MaTCKOrO MHUOIIEHOBOT'O CypKa B OKPECTHOCTSIX 03. 3aiicaH
(Shevyriova, 1968), meHseT cliOKHBIIEeCs MPEACTAaBICHHE O MajleapKTHUECKUX CypKax Kak
Oosee MOJOJBIX BHUAAX IO CPAaBHEHHIO C HEAPKTMYECKUMM, 3HAYMTENIbHO YBEJIMUYUBAS MX
BO3pacT. [letasbHOE OMMCcaHWe 3TOM HAXOJKW HE MPUBOIUTCS, HO MOJAraeTcs, 4To HauJeHHas
YeN0CTh IPEBHETO IPbI3yHa MPUHAANIEKHUT CYypKy, 6muzkomy k M. vetus. Mel mpenmnonaraem, 4To
otneneHue BeTBM Marmota ot o01iero cTeoia Ha3eMHBIX OeIMYbUX MPOU3OLLIO0 Ha TEPPUTOPUN
CeBepHoil AMepuKu B cepeinHe MUOLIeHa. B To BpeMsi A3Marckuii 1 AMEpPUKaHCKUNA MaTepuKu
elle He OKOHYATENBbHO Pa3[eNWINCh W CYyIa, COEAMHSIONIAas WX, Oblla JOBOJBHO OOLIMPHON
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(Petrov, 1976). DTO MOXET CIYKHTh OCHOBAaHHEM IPH3HAHUSA IIMPOKOIO PaCIpOCTPAHEHHUS
npeakoBbIX (opM cypkoB cxoaHbIX ¢ M. vetus kak B CeBepHoll Amepuke, Tak U B A3uM, KyJa
OHM MOTJM TPOHWKHYTh C BOCTOKA TEpeJ pa3lielIeHHeM MaTepHKOB, KOTOPOE MPOHM30LLIO B
KOHIIE MHOLIEHa — Havane rMoueHa. OgHako mnaneoreorpaguueckue U naneo00TaHUYECKHe
JAHHBIE CBHIETEIBCTBYIOT O TpeolialaHiM B CepeMHE MHUOLEHA Ha TEPPUTOPHH
bepunruiickoii cymm pasiuuHbIX JiecHbIx OuorieHo30B (Biske, Baranova, 1976). Kpome Toro,
cpaBuuTensHO-Mopdoaoruueckue (Gromov et al., 1965; Galkina, 1962; Potapova, Puzachenko,
1998), ummynorenernueckre (Zholnerovskaya et al., 1990), kapuonorunueckue (Vorontsov et
al., 1969; Vorontsov, Lyapunova, 1970) u monekymnspHo-reneTrueckue (Steppan et al., 1999;
Kruckenhauser et al., 1999; Brandler, 2003b) nanHble CBUAETENBCTBYIOT O 0OJIbIIEH MOJIOAOCTH
MaJIeapKTHYECKNX BUIOB, YTO MCKIIOYAET BO3MOXHOCTH MPOBENCHUS UX (DUIETUYECKON JIMHUH
OT a3uaTCKMX MHMOILICHOBBIX CYpKOB. EciM mpu3HATh JOCTOBEPHBIM MHOIICHOBYIO HAXOMKY
CYPKOB B A3MH, TO MOXKHO IMPEIIOJIOXKHUTh, YTO B TO BpeMsi CYpKHU 37€Ch HE UMENN OOIIMPHBIX
apeaJioB M HMCUe3IM K KOHIly MHOLEHa, KOrja BCJIEACTBUE MOTEIJICHUS KIUMara HIMPOKO
pacrpoCTpaHUINCh JIECHbIE OMOIIEHO3bI M COKPATUIIMCH TTPUTOIHBIE ISl UX OOUTAaHUS OTKPBITHIC
npocrtpaHcTea (puc. 2).

BeposiTHee Bcero nepBoHauanbHas MJIHOLEHOBas MU QepeHIranus CypKOB MPOXOIuia Ha
TEPPUTOPUU AMEPHUKH, U B A3UU CYPKH MOSBUIIMCH TOJBKO B Havajie MO3JHEro MIMOIeHa, KOraa
B pe3yJbTaTe CYIIECTBEHHOTO MOXOJOJAaHHUS TPOMCXOIMIO 00€3JIeCeHHEe CEBEPHBIX OKpauH
Cesepo-Bocroka A3um U AJSICKH, COSTUHEHHBIX J0 3TOTO CyXOmyTHOH cBsi3bio (Petrov, 1976;
Biske, Baranova, 1976; Yurtsev, 1976). M0o»XHO Mpeanoa0KuTh, YTO B TO BPEMS B A3HIO TPOHHUK
38-xpoMocomMHBIi caudata-monoOHblid cypok. BecbMa BeposiTHa ero GJIM30CTh K aMePUKAHCKOMY
M. monax, Taxxe wumeromeMmy 2n=38. Ha O60abinyro apeBHOCTh ¢opmbl caudata cpemu
€BPa3MICKUX CYpPKOB YKa3bIBalOT HallM JaHHble aHanu3za noiumopdusma s/JHK (IS-PCR)
(Brandler, 2003b) u cexBenupoBanus rena muroxpoma b (Steppan et al., 1999; Kruckenhauser et
al., 1999), ummynnorenerrueckue (Zholnerovskaya, 2002), cpaBHHuTENbHO-MOP(OIOTHUYESCKHE
(Gromov et al., 1965) u Ouoakycruueckue (Nikol'skii, 1976) nmanHble, a TakKe aHaIW3
aJlanTUBHON 3BOJIOIMKU OKpacku cypkoB (Kapitonov, 1991). Kak HeoJHOKpaTHO OTMEYajaoCh
paHee, B 3TO BpeMs CypKH, MO-BUIMMOMY, He Obliu MHorouucieHuol (Gromov et al., 1965;
Zimina, Gerasimov, 1980; Erbaeva, 2003). DkcnaHcusi CypkoB B TOT NEPHOJ 1iJIa C CeBepa U
BOCTOKa Ha IOT M 3amaj, OJHOBPEMEHHO CO CABHIOM O3JIECHBIX 30H C CeBepa Ha IOT B
pe3yibTare obiiero noxosnoaanus kiauMara (Yurtsev, 1976; Biske, Baranova, 1976).

Haunbonee BeposTHBIM mpencTaBisieTcs: hopmupoBaHue B EBpa3un B KOHIIE TUTHOIIEHA TPeX-
YyeTbipex (OpM CYPKOB B pe3yJibTaTe OBICTPOrO OCBOCHHUS OTKPBITBHIX CTEMHBIX WM CaBaHHBIX
MPOCTPAHCTB, a TAKXKe FOPHBIX cTernel. B pesynbrare aToro npenok M. caudata 3acenns ropHbie
cuctembl LleHTpanbHoii A3un. B 3T0 jxe BpeMst Wik HECKOJIBKO MO3JHee, B Hauae IIeHCTOleHa,
M30JISLIMS CYPKOB KpaiiHeW 3amaJHoOW 4acTh apeasia mpuBeia K (¢opmupoBaHuio B EBpome ko
BTOpPOH TONOBUHE IUielicToriena M. marmota. OcranbHble CypKM Hauana IUIeHCTOleHa
npeacTaBisin - coboil  cinabo muddepenurpoBannbie Sbirica- uiam  himalayana-nogo0Hbie
(bopMbl. DTO TOATBEPIKAASTCS 3HAUUTEIBHO OOJIblIeH AMBepreHuuen caudata m marmota apyr
OT Jpyra W OT BCEX OCTAIbHBIX MAJCAPKTHYECKUX (OpPM MO MOP(OIOrHYSCKUM MpHU3HAKAM
(Gromov et al., 1965), naHHbIM aHa/M3a HYKJICOTHIHBIX MOCIEIOBATEILHOCTEH UTOXpoMa b
(Steppan et al., 1999; Kruckenhauser et al., 1999) u IS-PCR (Lyapunova et al., 2003; Brandler,
2003b).

[MocnenoBasiee 3a 3TUM TIEPBOE TICHCTOLIEHOBOE MOTEIJICHHE MPUBEIO K TOBCEMECTHOMY
pacupenuto siecHoi 30HbI (Giterman, Golubeva, 1965), uTo BbI3Bao HCUYE3HOBEHHE CYPKOB U3
IOT0-BOCTOUHBIX oOJsiacTeil EBpOITbI M 3HaYMTEIHbHOE COKpAllleHHe W IpOOJIeHHEe apeaia CypKOB B
A3un. B yacTHOCTH CYpKH OBbLTH OTTECHEHBI C CEBEPO-BOCTOYHBIX TEPPUTOPUHN B LIEHTPAIbHbIC
4acTH MaTepHKa, KOTOpbIe, Oyarofapsi MOBBIMICHHON KOHTHHEHTAJIbHOCTH KJIMMaTa, COXPaHsIH
OOIIMPHBIE YYaCTKH CTEMHBIX OWOILIEHO30B HAa MPOTSHKEHWH BCEr0 TPETHYHOTO MEpPHOaa
(Bannikov, 1954) (puc.?2). BmomHe BeposTHO, YTO K 3TOMY TE€PHOAY OTHOCHUTCS Hayalio
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muddepennmauu Gopm himalayana u sibirica, kotopsie, mo-BUANMOMY, J0JTOE BpeMs HMEH
OoutbII0i 001Kt apean (BOZMOXKHO 10 CepeIMHBI MICHCTOIICHA).

Cypok Men30upa MOXKET TPEACTABIATH COOOW paHHEIUICHMCTOLICHOBBIM  JIepUBar,
middepeHIMpoBaBIIMiics B OAHOM U3 TOpHBIX pedyruymoB Cpenneir Asum. OnHako
NPOTUBOpPEUYHE JaHHBIX aHanu3a MOP(HOJOrHYeCKUX, OHOAKyCTHUECKMX MPHU3HAKOB U
noauMopdusmMa MuToxoHApuanbHo M spepHoit JIHK cypkoB He mo3BoisieTr nenarthb
omnpeseJiCHHbIE BBIBOJBI O BpeMeHH auBepreHuud M. menzbieri u nonoxeHus ero Ha
¢unoreHeTuyeckoM apeBe. Toxke camMoe MOXXHO cka3aTh W B oTHouieHuu M. broweri. Ha
OCHOBAaHMHU JaHHBIX CEKBEHHMpoBaHuUs IuToxpoma b (Steppan et al., 1999), MokHO mpH3HATH
muddepennuaimio M. broweri ot o6iero cTBosa caudata-mogoOHOTo cypka B pe3ysbTaTe e€ro
W30JISIIMU B JISICKAHCKOM pedyruyme. DTOMy MPOTHBOPEYAT HAIM HEOMyOJMKOBAHHbIC JTaHHBIE
no IS PCR, cornacHo koropeiMm M. broweri sBasercss xopomo audQepeHInpOBaHHBIM
CeBEepOaMEePHKAHCKUM BUIIOM.

Cnenyromas BCTIBIILIKA BU1000pa30BaTeIbHOI AKTHBHOCTH CBsI3aHa c
MO3THETIJIEHCTOIICHOBOM AKCITAHCHEW CYypKOB, KOTOPOMY CIOCOOCTBOBAJIO IIMPOKOE DPAa3BUTHE
NEePUNISLUATBHBIX JAHTIIAPTOB BO BpeMs CpeiHe- U MO3IHEIUICHCTOIICHOBBIX oJieieHeHuit. O0
3TOM CBHUETEILCTBYIOT MHOIOYHCIIEHHBIE HAXOJIKH HMCKOMAaeMbIX CYpPKOB 3TOro Mepuoja
(Zimina, Gerasimov, 1980). Bocnonb30BaBIIKNCH OMaronpusTHONW mnaneoreorpadGuyeckoi
CUTyallMel, CYpKH OKKYMHPOBaIM OOIIMPHBIE TEPPUTOPUHM MEPUTISIIUAIBHBIX CTEeMed OT
EBponbl Ha 3amage 10 Kamuatku Ha Boctoke (Zimina, Gerasimov, 1980; Rumyantsev et al.,
1996). [IpoaBrKkeHHE CYPKOB HA 3TOM 3Talle, BEPOATHEE BCETO, MPOMCXOIUIIO C Fora U BOCTOKA
Ha CeBep W 3amaj M3 CpPEIHEIUICHCTOLEHOBOrO pedyruymMa, Ha TEPPUTOPUM KOTOPOTO
muddepernmpoBairck hopmsl himalayana u sibirica.

Beposithee Bcero sibirica-mogobnass ¢opma crana mnpeakoMm s ¢opm  Sibirica u
camtschatica u npeaka baibacina u bobak (mpo6aii6ax). Bo3MokHO, Kak 3TO Hpezroiaraer
M.A. EpGaeBa (Erbaeva, 2003), nuddepenunanus M. sibirica u M. camtschatica nauanace B
Havyajie TUICHCTOIleHa M MepBOHavYadbHO (opma camtschatica Oblia paBHUHHON M TOJNBKO
MO3HEE B CBSA3M C IIOCTENEHHBIM MOAHSATHEM NPUOaNKaILCKUX XpeOTOB B IJICHCTOLICHE
npuoOpenia 4epThbl TOPHBIX OOWTATeNed, YTO Jalo el BO3MOXKHOCTh PACHPOCTPAHHUTHCS IO
ropHeiM cuctemaM Skytun n KamuaTku. DTOMy COOTBETCTBYIOT JaHHBIE O OOJBbILIEH CTENEeHU
muddepennmanmu M. €. doppelmayeri or aByx Ipyrux IOABHMIOB YEPHOIIAMOYHOTO CypKa
(Boeskorov et al., 1999).

Jlpyroii, 3amaaHol, BeTBbIO Sibirica-momo6Horo cypka cran npobaiidak. bombiinas 611M30CTh
Oaiilbaka M CepbIX CYpPKOB IO CPaBHEHHIO C OCTaJbHBIMU TOAJCPKUBACTCS MOJIEKYJISPHO-
reHetnueckumu nanHeiMu (Steppan et al., 1999; Brandler, 2003b). Ero GsicTpas sKkcmaHcHs
CBSI3BIBAETCS HAMH CO BTOPBIM IJICHCTOLICHOBBIM OJIEJICHEHHEM — HJUIMHONCKUM (pUCC) — OKOJIO
100-600 TeIc. neT Hazaa. B 3To Bpems CypkM WHTEHCHBHO OCBaWBAaJId HOBBIE TEPPUTOPHH
NepUrIsUUaIbHBIX cTeneid 3anmanHod Asuum u EBpomsl, ¢gopmupys reorpaduueckue pachl,
obmanaroiye yepramu 00060meHHbIX hopm (Gromov et al., 1965; Zimina, Gerasimov, 1980).

MukynuHckoe MexieqHukoBbe (75-130 ThiC. JI. H.), CONPOBOXAABIIEECS CHIKECHHEM
KOHTHHEHTAJIbHOCTH W YBEJIMYEHHEM BJIXHOCTH KJIMMaTa, Pa3BUTHEM JIECHBIX OMOLIEHO30B
(Voropai, Kunitsa, 1989), npuBeno k cokpaileHHIO ¥ (parMeHTaluu apeana CypKOB A3TOH
rpynmel. K 3TOMy BpeMmeHH, BepOSTHO, OTHOCHTCS Hauano auddepeniumanuu Gopm bobak (B
crensix) u baibacina (B ropax Antas u TapOararasi) Kak paBHUHHBIX U TOPHBIX CYPKOB.

[MocnenoBaBiie BCaen 3a OSTHM LUKIMYECKHE HW3MEHEHHs —Maneoreorpapuyeckoit
00CTaHOBKM, OOYCJIOBIIEHHbIE TpeMs, CJICOYIOUIMMHU ApYr 3a JpyroM OJIeJCHEHHSIMH,
YepeayIOUIMMHUC MEXKIICIHUKOBBIMH MOTEIJICHUSIMH, BEPOSTHEE BCETO, BBI3bIBAIM MMYyJIbCAlIUU
apeasioB CypKOB C MX BpeMeHHOHW (parmeHTanuend. K 3HaunTenbHOM (parMeHTalMu CeBepHO
YacTH apeajoB CYypKOB Ha BOCTOK OT Bourm Morno mnpuBectd obOpa3oBanue Bemukoi
NpPUICAHUKOBOM cucTeMbl cToka CeBepHoil EBpasum B MakcMMyM MOCJIEIHEro riio0albHOrO
noxojonanus 17-21 teic. net Hazaz (Grosval'd, Kotlyakov, 1989). Pe3synbraTom 3TOr0 mporecca
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OblJI0 00pa3oBaHWE OOIIMPHBIX BHYTPEHHHUX BOJHBIX OAcCEHHOB Ha TeppuTOpuu BocTouHO# n
3anagHoit Cubupu, Typraiickoro cnuiiBesi U 3HaYUTEIbHOE PACUIMPEHHE W OOBOJHEHUE MOWUM
CHOMPCKUX PEK. DTUM BpPEMEHEM MOXKHO JaTUPOBATh M3OJSIHI0 36-XpOMOCOMHON (OPMBI
kastschenkoi B 3anannoii Cubupu U BOSHUKHOBeHHE BHYTpUBUI0BBIX (hopm M. bobak (Brandler,
2003a,b).

Ha ocHOBaHMM BBILIEU3IOKEHHOTO Mbl JaeM CIEIYIOLIMEe OTBEThl Ha MOCTaBJIECHHBIE
BOIPOCHI:

—TepBOHavaibHas AuMBepreHuus poga Marmota npoxonuna Ha Tepputopun CeBepHOM
AMepuky,

—CyIIEeCTBOBAJIO 2 IIEHTPa BUJ000pa30BaHusl CypKOB — NepBUYHbIN B CeBepHOW AMepuke
Y BTOpUYHbIN B LleHTpanbHOM A3uu;

—B  UCTOPUM  MaJeapKTHUYECKWX  CYPKOB  MOXHO  BBLICIWTH  JiBa  IHKa
BH1I000pa30BaTEeIbHOW aKTUBHOCTH. [lepBbIii mMMen MecTo B KOHIE TUIMOILEHA — Hayaie
TieiicToleHa U mpuBen K obocodnenuto M. caudata u M. marmota, B pesysnbraTe BTOPOrO BO
BTOPOIi MOJOBHHE IICHCTOIeHA por3oIiia auddepeHuranys ocTalbHbIX BUI0B (puc. 1);

— M. camtschatica umeer azuarckoe MPOUCXOXKAECHHE, MPEANOIaraeMoe MPOUCXOXKIECHHE
ot "Hero M. broweri B pesyabrare peamurpanuu (Boponios, JIsnynosa, 1976; Hoffmann et al.,
1979) He nopnepkuUBaeTCs NAaHHBIMU aHalM3a CEKBEeHMpoBaHus nuToxpoma b (Steppan et al.,
1999) u IS-PCR (Brandler, 2003b). Oaxako 3TOT BOnpoc TpeOyeT AajabHEHIIero ueciae10BaHusl.
[Ipennonaraercs HaauuMe TOJBKO OJHOTO 3MHM30[a aMEpPUKaHO-a3MATCKOW MMUIpaLlUH
MPEIKOBOr0 CypKa, MMEBIIEr0 MECTO B KOHILE IMJIMOLIeHa. B ciyyae mpu3HaHHs TOCTOBEPHOMN
HAaXOJIKH MHOLIEHOBOTO CypKa y 03. 3aiicaH, BO3MOXHO MPEANOJIOKEHNE O MO3JHEMHUOLIEHOBOM
MPOHWKHOBEHUHU MPUMUTHBHBIX CYpKOB B A3HMIO C MOCJIEQYIOIIMM MX BeIMHpaHueM. Benen 3a
WM. I'pomoBeim (Gromov et al., 1965) mMbl cuuTaeM MaaOBEPOSTHBIM TOBTOPHBIE MUTPALUU
CYpKOB 4epe3 bepuHruiiCkuii MOCT B MO3/IHEM IUIEHCTOLICHE, 10 KpailHel Mepe, B AMEpUKaHO-
A3MaTCKOM HarpaBJIeHUH.
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