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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 onnH acnekt 6uonorum BHIa HE JOJKEH MIHOPHPOBATHCS, €CIM MBI XOTHM IOOUTBCS ITyOOKOTro
TOHUMAaHHUS UCTOPUHU ero 3BOoIUH. CypKH BCECTOPOHHE HCIOJIB30BAINCH B KadecTBE MOJENBHBIX BHIOB SKO-
9TOJIOTAMH,  H3yYalOLU[MMH  COOOLIecTBA  MJIEKONMUTAOUMX. (DHUIOreHeTHYeCKUM U MOP(OIOTHYECKUM
UCCIIeIOBAaHMAM, HANpPOTHB, YAENAIOCh MEHbIe BHHMAaHMSA, KOTOpPBIE K TOMY JK€ pEeIKO BKJIIOYAIHd BCe
CyIIECTBYIOLIME BHIBI. B TeueHne mocieqHnX HECKOJIBKHX JIeT OBUIO OIyOJIMKOBAHO HECKOJIBKO HCCIIeOBAaHHH,
N3y4aoIMX MOP(OIOrHYECKyI0 H3MEHYMBOCTH y CYPKOB Ha OCHOBE MOP(HOMETPHYECKHMX METOAWK. OTH
WCCIIeJOBaHNs yIIIyOWJIM Hamle ITOHMMaHHE D3BOJIOIMM CYPKOB, Ha OCHOBE IIOJPOJIOBOH KIIaCCH(HKALMH,
Gasupyromeiicss Ha mnocnexoBarensHocTH JIHK, kortopas mpenmonaraer paHHee BO3HHKHOBEHHE MEKBHIIOBBIX
pasnuuMii BO BpeMsi OHTOTEH3ea, IEMOHCTPHPYs BaXHOCTb AJUIOMETPHM B Pa3BUTUM BO3PACTHBIX CBOMCTB M
o0Hapy K1Bas HEOXKNIAHHOE 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.

KnaioueBble cioBa: ajiomMeTpusi, COXpaHEHHWeE, HYepel, 3BOJIOLMS, IeoMeTphueckas MopdoMeTpHs, MaHIuOyIa,
MOp]OIIOTHS, OHTOTEHNS, OJIOBOM JTUMOP(PH3M.

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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until recently, when the first morphological analysis of all living species was published (Cardini,
2003). Previously, extensive descriptions of marmots could be found in Howell (1915), Ognev
(1963), and Bibikov (1996), but quantitative studies of morphology (Hoffmann et al., 1979;
Bibikov, 1991; Pole and Bibikov, 1991; Potapova et al., 1997; Velaghen and Roth, 1997) have
tended to examine only a few representatives of the genus Marmota.

Ontogenetic studies and detailed comparisons of form variation among living species are
necessary for a comprehensive understanding of marmot evolutionary history. An accurate
description of morphological variation and its ontogeny is also fundamental in understanding the
ecological correlates of form variation and patterns of evolutionary change in fossils.

Several papers have appeared in the last few years which try to fill this gap. Cardini (2003)
studied mandibles of all marmots using the gene tree of Steppan et al. (1999) to compare
morphological clusters with phylogenetic groups. Cardini and Tongiorgi (2003), in their analysis
of the yellow-bellied marmot mandible, investigated ontogenetic variation for the first time in
Marmota. The ontogeny and allometry of marmots were also the subject of studies by Cardini
and O’Higgins (2005) and Cardini and Thorington (2006), who examined mandibles and crania
of several species. Relationships between phylogeny, ecology and morphology were analysed by
Polly (2003), Cardini (2004), Cardini and O’Higgins (2004), Cardini et al. (2005), and Caumul
and Polly (2006).

The aim of this paper is to summarize findings of those studies and provide the reader with a
synthetic overview of marmot morphological evolution.

Differences in marmot fur colour and other characters of the external morphology are
discussed in several publications (Howell, 1915; Ognev, 1947; Hoffmann et al., 1979; Barash,
1989; Bibikov, 1996; Armitage, 2000, 2003). An accurate study of marmot anatomy is available
in Bezuidenhout and Evans (2005). Also, Pole and Bibikov (1992) and Pole (1997) examined
intraspecific variation of M. baibacina bacula. However, most morphological studies, and all
recent quantitative analyses, have focused on skulls.

Crania and mandibles are highly informative because of their complexity and functional
relationships with other organs. They are directly involved in the mechanics of mastication, and
also the ecological and behavioural changes (especially, the increase in social and
communicatory complexity) during the radiation of marmots may have affected the brain and the
sense organs, with possible implications for cranial morphology. Skulls are much more common
than postcranial bones in museum collections, and are thus more likely to provide adequate
samples for taxonomic studies.

All recent studies have been performed using methods for the comparison of the geometric
form of organisms and their organs (Rohlf and Marcus, 1993; Adams et al., 2004; Zelditch et al.,
2004). Geometric morphometrics compares forms by using the information captured by
Cartesian coordinates of sets (configurations) of topographically corresponding landmarks
(Marcus et al., 2000). Differences in coordinates due to rotation and translation of specimens
during data collection are removed, and size and shape components of form are separated and
analysed with multivariate statistics. For instance, covariation between size and shape
(allometry) is generally studied with multivariate regressions of shape onto size, which allows
computations of percentages of shape variation correlated with size variation, tests of
significance of shape allometry and comparisons of angles between allometric trajectories from
different sexes or species.

Geometric morphometrics is suitable for the analysis of two-dimensional data (pictures, for
instance) but can also be applied to three-dimensional coordinates of landmarks directly
measured on specimens. Three-dimensional studies are generally more accurate, but relatively
inexpensive two-dimensional analyses do a very good job when applied to flat structures like
marmot hemimandibles. Furthermore, two-dimensional approximations can be improved by
using pictures of different views (dorsal, lateral and ventral) of complex structures and by
choosing almost coplanar landmarks. This two-dimensional approach has been followed in all
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published studies on marmots. For the first time, however, Cardini and Thorington (2006) also
examined ontogenetic variation of marmot crania using three-dimensional landmarks and
compared their results with those of two-dimensional analyses.

Three main questions inspired the study of marmot ontogeny:

Al.Do females and males show distinctive traits?

AZ2.1s allometry the major pattern of ontogenetic shape change?

A3.Does ontogeny provide any clue about how species morphology diverged in the
evolution of marmots?

Three main issues were addressed about patterns of interspecific divergence in Marmota:

B1.Do similarity (phenetic) relationships reflect phylogeny or, in contrast, are they highly
convergent in species of similar size or ecology, as is often found in sciurids (Hafner,
1984; Roth, 1996; Velhagen and Roth, 1997)?

B2.Do different structures (or regions of a structure) suggest similar patterns of
evolutionary change?

B3.Is the youngest species among marmots, the Vancouver Island marmot, with its small
relict population, strongly similar to its closest relatives on the continent as suggested
by an almost negligible (Steppan et al., 1999) amount of genetic divergence from M.
caligata?

Answers to these questions are here briefly summarized and discussed:

Al.Sexual dimorphism in marmots is generally small. Male mandibles and crania are
larger than female but most of the time by less than 5%. This is consistently observed
in adults of all species and in different age classes of M. flaviventris, but results for
young and juveniles need to be verified on larger samples, more species and, ideally,
using estimates of age classes less coarse than those based on tooth wear. The slightly
larger size of males is related to sexual selection. Sexual dimorphism in shape is
negligible. This may be because subtle sexual dimorphism is difficult to detect in
natural populations and only becomes evident when individuals are bred in
standardized conditions (\Voss et al., 1990).

A2.Allometry is highly significant in all structures and species so far studied. Also, in M.
flaviventris, allometry accounts for most age-specific shape traits. Ontogenetic shape
changes are especially pronounced in juveniles, and small deviations from a linear
relationship between size and shape might be present in this group and possibly related
to the shift from a liquid (milk) to a solid (plants) diet. The proportion of shape
variance which is correlated with size differences varies among species from about
10% to 50%, but interspecific differences in the proportion of shape variance which is
allometric are very similar in mandibles and crania. A correlation between the age of
first reproduction and the proportion of allometric shape is found in species for which
fairly large samples and well represented age groups are available. Cardini and
O’Higgins (2005) speculated that, since muscles insert on regions that show extensive
allometric changes, prolonged bone remodelling by muscles might be involved in
producing allometric modifications whose extent is roughly proportional to the length
of pre-adult life (the period when muscle development is more intense).

A3.A phylogenetic signal is not evident in the comparison of ontogenetic allometric
trajectories since interspecific differences are generally small. The majority of shape
differences that reflect phylogeny appear early and are conserved during post-natal
ontogeny.

B1.A significant phylogenetic signal is found in marmot craniodental characters (Caumul
and Polly, 2006). The subgeneric classification of marmots based on the divergence of
cytochrome b sequences (Steppan et al., 1999) is generally supported by morphological
studies of teeth, mandibles and crania. Phenetic relationships among closely related
species do not strictly match clades of the molecular phylogeny. This might be related
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to sampling error. Estimates of mean shapes in small samples might be biased by
oversampling local transient variation, which does not become fixed in species gene
pools. Species of similar size (for instance, the smallest and largest ones) do not tend to
cluster together. Thus, hypotheses of size-related homoplasy are not supported by
studies of craniodental variation in marmots. Detailed eco-morphometric analyses have
not been performed, but morphological clusters do not seem to reflect ecological
similarities (Cardini, 2003; Cardini and O’Higgins, 2004) and ecology explains a
relatively small amount (7-12%) of shape variation in mandibles, crania and teeth
(Caumul and Polly, 2006).

B2.Mandibles and crania have been analysed separately. However, they have been shown
to covary during ontogeny in a highly integrated way (Cardini and O’Higgins, 2005).
Also, similar patterns of shape change are found in ontogenetic studies of mandibles
and crania. Similar clusters are generally suggested by interspecific comparisons of
different structures in adults. The main exception is M. monax, whose cranial
morphology is highly distinctive, although its mandibular characters are fairly similar
to those of other species in the same subgenus. The unusually flat and enlarged cranium
of M. monax is possibly related to the long separate evolutionary history and unique
ecology and behaviour of this species. Marmota monax is a basal lineage in the gene
tree of Steppan et al. (1999), one of the only two Nearctic representatives of the
otherwise exclusively Palaearctic subgenus Marmota. It is the only marmot species
commonly found also in forests and the only species which is solitary and sexually
mature as a yearling. A second incongruence between mandibles and crania concerns
relationships between marmots and their closest relatives. When outgroup species are
included, Spermophilus and Cynomys cluster close to marmots in analyses of
mandibles and ventral crania, but group together on the same branch with Tamias and
Sciurus in the phenogram from a three-dimensional analysis of the cranium (Cardini,
unpublished) as well as in that of the dorso-ventral view of the same structure. This is
best explained as a retention of the ancestral morphology in the smaller members of the
tribe Marmotini (Spermophilus, Cynomys, and Tamias) and the evolution of a strongly
derived cranial morphology in Marmota.

B3.The most unexpected result from recent morphometric analyses of marmot mandibles,
crania and teeth is the pronounced morphological divergence of the Vancouver Island
marmot. Traditional morphometric analysis of amphiberigian marmot skulls
(Hoffmann et al., 1979) did not detect distinctive traits in M. vancouverensis, which
appears to be very similar to M. caligata and M. olympus. Steppan et al. (1999), using
DNA sequences of the cytochrome b, reported a genetic distance between M.
vancouverensis and M. caligata similar to those among different populations of the
latter species. Thus, the Vancouver Island marmot with its dark fur might simply
represent a melanistic variety of M. caligata. Devoting big investments and great
efforts to save the Vancouver Island marmot from extinction (Bryant, 2002; Wilson,
2002) becomes controversial if the uniqueness of this population only concerns its
black colour. However, behavioural studies and geometric morphometric analyses have
provided a rather different picture. Unique components in alarm calls of M.
vancouverensis were discovered by Blumstein (1999), shapes of mandibles and crania
were highly distinctive (if not the most divergent among all living species) in studies
by Cardini and co-authors, and molar morphology suggested accelerated evolution in
Polly’s (2003) phylogram. The Vancouver Island marmot may represent a case of
morphological fluctuation of uncertain fate (Gould, 2002) in a peripheral population of
M. caligata. Alternatively M. vancouverensis might be regarded as an incipient new
species or a genuine biological species, if mechanisms of reproductive isolation have
already arisen to prevent interbreeding with other populations, (i.e., to prevent genetic
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amalgamation and loss of differentiation). These findings improved our understanding
of the uniqueness of M. vancouverensis and emphasize the usefulness of
complementing molecular analyses with accurate morphological studies to thoroughly
characterize population divergence, and carefully plan conservation strategies.

Recent morphometric studies have provided significant insights into marmot evolution.
Many issues, however, still need to be addressed. The most promising research fields are
probably those at the boundaries of different disciplines. Bringing together morphology, ecology,
genetics and palaeontology is highly desirable in developing a deep understanding of factors
promoting evolutionary transformations in form, as well as in identifying endemism and in
reconstructing patterns of evolutionary change in the past.
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DKoJIOTHsST W TOBEJIEHHE CYPKOB BCECTOPOHHE MCCIICAOBAIMCh B TEYCHUE MMOCICIHUX
natunecsatu set (Barash, 1974, 1989; Armitage, 1981, 1999, 2000, 2003; Blumstein and
Armitage, 1997; Blumstein, 2003). Ho npyrue acrmekThl 3a4acTyi0 WTHOPUPOBAINCH. Tak, 110
HE/JIaBHETO BPEMEHU MaJi0 BHUMAHHUS YAESIOCh CPABHUTEIBHOMY HCCIIECIOBAHUIO IBOJIOIUH
MOP(OJIOTUH CYPKOB, 0 TOTO KakK ObLI OMyOJIMKOBaH MEPBBI MOP(OJOTHUECKUI aHAIN3 BCEX
coBpemennbix BuioB (Cardini, 2003). [Jo atoro neraibHbie OMHCAHUS CYPKOB MOXHO OBLIO
naiitn 'y Xayasmna (Howell, 1915), Oruesa (Ognev, 1963) u bubukosa (Bibikov, 1996), no
KOJIMYeCTBeHHbIE HcciaenoBanus mopdonoruu (Hoffmann et al.; Bibikov, 1991; Pole, Bibikov,
1991; Potapova et al., 1997; Velaghen and Roth, 1997) garie orpaHHYnBainCh MCCIeI0BAHUEM
TOJILKO JIMIIIb HECKOJIBKHX TpejcTaBuTeNeit poga Marmota.

OHTOreHeTHUYECKHE HCCICNOBAHUS M JIeTajbHbIe CPaBHEHUS HW3MEHYMBOCTH (HOpM
COBPEMEHHBIX BHJIOB HEOOXOMMBI JIJIsl BCECTOPOHHETO MOHMMAaHUSI KICTOPUH 3BONTIOLIKMHU. TOouHOE
onucanue MOp(hOJOrHIecKOil M3MEHUYMBOCTH M €€ OHTOreHe3a TaKKe SIBJIACTCS KpaeyrojibHbIM
MOMEHTOM JJIsi TIOHMMAaHHUSl 3KOJOTMYECKUX KOppessiuii (GopM HM3MEHYMBOCTH W MOJEICH
9BOJIIOIMOHHBIX U3MEHEHHI HCKOMAaeMbIX OCTaHKOB.

B nocnennee BpeMs ObL10 OMyOIMKOBAaHO HECKOJIBKO PabOT, MBITAIOIIMXCS 3aMOJHUTH 3TOT
npoben. Kapauuu (Cardini, 2003) wuccrnemoBan MaHauOysly BceX CYPKOB, HCIONbB3Ys
rereruueckoe apeso Crenmnana u ap. (Steppan et al., 1999) ans cpaBHeHHs MOP(HOIOTHUECKUX
KimactepoB ¢ (unoreHetnueckumu rpynnamu. Kapauaun u  Tonmkuopmku (Cardini and
Tongiorgi, 2003) B cBoeM aHaimu3e MaHIUOYJIbI )KEATOOPIOXOTO CypKa BIIEPBBIE HCCIIEIOBATH
OHTOT€HETUYECKYH M3MEHYMBOCTh Marmota. OHTOreHus M aljoMeTpHs Y CYPKOB ObUIH TakkKe
npeamerom uccienoBanuii Kapauau u O’ Xurrunca (Cardini and O’Higgins, 2005) u Kapauau
u Topunrrona (Cardini and Thorington, 2006), koTopble H3y4aar KOCTH MaHAWOYJIBI K dYeperna
HECKOJIbKUX BHUIOB. B3aumocBs3u Mexnay QuiaoreHuelt, skosiorueit u mopdosoruei Obuin
npoananusupoBanbl [Tommu (Polly, 2003), Kapauuu (Cardini, 2004), Kapauau u O’ Xurruacom
(Cardini and O’Higgins, 2004), Kapauau u ap. (Cardini et al., 2005) u Kaymynem u ITomu
(Caumul and Polly, 2006).
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Llens maHHOW pabOThI — PE3FOMUPOBATh HAXOIKH ITHX PabOT M MPEIOCTABUTh YUTATEITIO
CHUHTETHUYECKUI 0030p MOP(OIOTHYECKOI 3BOMIOLNHN CYPKOB.

Paznuuus B OKpacke MIEPCTH CYpPKOB, PaBHO Kak W ApPYrve BHEIIHHE MOP(OIOrndeckue
NpU3HAKK 00CYKIATUCh B HECKOJIBKUX OMyOsMKkoBaHHbIX padotax (Howell, 1915; Ognev, 1947;
Hoffmann et al., 1979; Barash, 1989; Bibikov, 1996; Armitage, 2000, 2003). AnaToMusi CypKOB
JIOCKOHAJIbHO W3yueHa B paborte besyummenxayra m DBanca (Bezuidenhout and Evans, 2005).
Kpome storo, Ilone u bubukos (Pole and Bibikov, 1992) u ITome (Pole, 1997) uzyuniu
BHYTPUBHUJIOBYIO W3MEHYMBOCTH  Oakymoma M. baibacina. Opnako  OGonblIMHCTBO
MOP(OIOTHYECKUX HCCISTOBAHUI M BCE KOJTMYECTBEHHBbIC aHAIU3bl ObUIA CKOHLIEHTPHPOBAHBI
Ha UCCJIeIOBaHUH Yepera.

Yepena u MaHanOyJIbI HECYT B ceOe 3HAYUTENIbHY0 HH()OPMALIMIO BBUIY CBOEH CII0KHOCTH U
(GYHKIMOHABHBIX CBs3ed ¢ ApyruMu opraHamu. OHM HamnpsIMyl0 BOBJICYEHBI B MEXaHU3M
’KeBaHMs, a TaKKe SKOJOTHYECKHE W IOBEICHYECKHE H3MEHEHUs (OCOOEHHO, YCIOKHEHHE
COLIMAJIBHOTO M KOMMYHHMKAIIMOHHOTO acCleKTOB) BO BPEMsi PaclpOCTPAHEHHs CYpKOB MOTJIH
MOBJMATh HA MO3T M OpraHbl YyBCTB C BO3MOXHBIMU TOCIEACTBHSIMHU ISl KpaHHAIbHON
Mopdonorui. B My3eHHbIX KOJUIEKLHMAX OOJNbLIEH 4YacThlO XpaHATCS dYepemna, a He
3aJiHEeYeperHble KOCTH, YTO TE€M CaMbIM OO0ECIEYMBAECT YYEHBIX aJeKBATHBIM KOJIUYECTBOM
00pa31oB A5l TAKCOHOMUYECKUX MCCIICIOBAHUM.

Bce coBpeMeHHBbIE HCCIICOBAHUS MPOBOIWINCH C HMCIOJIb30BAHMEM METOJOB CPaBHEHUS
reomMeTpuueckoit (opmel opranuzmoB u ux opranoB (Rohlf and Marcus, 1993; Adams et al.,
2004; Zelditch et al., 2004). I'eomerpuueckasi MopdoMeTpusi cpaBHHBAaeT (OPMBI MyTEM
MCIIONb30BaHUsl HMH(POPMAIMH, OTOOPAXKEHHOH Ha MPSMOYTOJBHOW CHCTEME KOOpPJHHAT
(xoHburyparuu) uian Tonorpaduyeckn cooTBeTCTByHOLMX opueHTHpoB (Marcus et al., 2000).
Paznuuus B koopAaMHATax B CBSI3W C poTalMed M TpaHcsuueil oOpa3uoB BO Bpems cOopa
JIAHHBIX YAAJSFOTCS, & KOMIIOHEHTBI Pa3MepoB U 00pa3oB (OPM BBIACISIOTCA U aHATU3UPYIOTCS
NpY MOMOILY MHOTOMEPHOH CTaTHCTUKHU. Hampumep, koBaprauus MexXIy pasMepoM U oopa3om
(anmomeTpust) OOBIYHO M3y4YaeTcs MPU MOMOIIKM MHOTOMEPHBIX PErpeccHii pasMepa Ha pasmep,
4TO TMO3BOJSIET IMPOBOJMTH BBHIYKMCICHUE TPOLEHTA Bapualuu o0pasa, Koppenupyromei c
Bapualueil pasMepa, KpUTEpHUeB 3HAYMMOCTH AIJIOMETPUM 00pa3a M CPaBHEHUS YIJIOB MEXIY
AIUTOMETPUYECKUMH TPASKTOPUSMH Y TIPEICTABUTEINEH Pa3TMUHBIX MIOJIOB UM BUJIOB.

I'eomeTpuueckas MophoMeTpusi yI0OHA Ajsl aHalu3a JABYXMEPHBIX JaHHBIX (Hampumep,
PHCYHKOB), HO €€ TaK)Ke MOXKHO MPUMEHSATh W s TPEXMEPHBIX KOOPAWHAT OPUEHTHPOB,
HEMOCPECTBEHHO 3aMepsieMbIXx Ha oOpasiax. TpexmepHble HCCIEIOBaHUs, Kak MPaBHJIO,
TOYHEH, HO CPaBHMUTEILHO HEIOPOTHE IBYMEPHBIE HCCIEIOBAHUS MPEKPACHO MOAXOIAT s
NPUMEHEHHS K TUIOCKUM CTPYKTYpaM, TaKMM Kak TeMUMaHau0yibl cypkoB. Jlanee, AByXMepHbIe
anmpoKCMMalMi MOTYT OBITh WCIPABIEHBI, €CIM HCHOJb30BaTh 00pasbl, MOIYYEHHBIE C
pasIMYHBIX CTOPOH (IOp3aJbHOM, JAaTepalbHOM M BEHTPAIbHOW) CIIOXKHBIX CTPYKTYp, H
BBIOMpATh MOYTH KOTIAHAPHBIE OPUEHTHPBI. DTOT IBYXMEPHBI MOIXO0] UCTIOIB30BAJICS BO BCEX
omnyOJIMKOBaHHBIX UccienoBaHusX mo cypkam. Tem He menee, Kapaunu u Topunrron (2006) B
NEepBbIA  pa3 TakKe HCCIACNOBAIM M OHTOICHETHMYECKYI0 BapHaLMIO 4YEpernoB CYpKOB C
UCIOJIb30BAHUEM TPEXMEPHBIX OPUEHTHUPOB M CPABHUIIM MOJYYECHHbIE PE3yJbTaThl C JTAHHBIMHU
JIBYXMEPHBIX aHAITU30B.

Jlanee cieayroT TpU BOMPOCA, KOTOPbIE MOOYAWIN MPOBEICHUE MCCISIOBAHUS OHTOTreHe3a
CYPKOB:

Al.MImeroTcst 1M y CaMIIOB U CAMOK OTJIMYHUTEIbHBIE OCOOCHHOCTH?

A2.5IBnsiercst M aJuIOMETPUSt OCHOBHOW MOJEbI0 OHTOT€HETHYECKOTO W3MEHEHHs
hopmbI?

A3.JlaeT 11 OHTOTEHE3 K04 K TOMY, Kak MOpP(OJIOTUs BHIA MEHSIACh C IBOJIOLUEH
CYPKOB?

Tpu OCHOBHBIX BONpOCa, PACCMATPUBABILMXCS B IUIaHE MOJENed MEeXBHUIOBOW
nuBepreHiuu y Marmota, Bxitoyanu:
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Bb1.0OtpakaroT i OTHOIICHHs CX0ACTBa ((eHeTHUECKHUE OTHOIICHUS) (DUITOTEHHIO WK
K€ HAMpOTUB OHHM SBJSIFOTCS BBICOKO KOHBEPT€HTHBIMH Yy BHAOB C aHAJIOTMYHBIMU
pazMepamMH WM IKOJIOTMYECKMMHU YCIOBHUAMHM, KaK 3TO 4YAaCTO OTMEYaeTrcs y OenuubHhx
(Hafner, 1984; Roth, 1996; Velhagen and Roth, 1997)?

b2.IlpeanonararoT M pa3inyarolidecss CTPYKTYpbl (MM 00NacTH CTPYKTYpbI)
CXOJIHBIE MOJIEJIN 3BOJTIOLIMOHHBIX U3MEHEHUIN?

b3.SIBnsieTcss nm caMblii MOJIOJOW BHUJ CPEeIM CYPKOB — BaHKYBEPCKHH OCTPOBHOM
CYpOK € ero HeOONbIION PEeTUKTOBOW TMOMYJsIHUeld O4YeHb OJIM3KUM ero OrKauiimm
POICTBEHHHKAM Ha KOHTHHEHTE, Kak ObL10 mpeanosoxeno (Steppan et al., 1999) B cBs3u ¢
TIOYTH HECYIIECTBEHHON BETMYMHON reHeTHYeCcKOro oTkiIoHeHus ot M. caligata?

KpaTtko cymmupyem u 06Cy1uM OTBETHI Ha 3TH BOMPOCHI:

Al.TTonoBo# AuMop(hU3M y CypKOB B 1IeJIOM HEBEJIUMK. MaHauOyIIbl U yeperna y caMIioB
KpyIHEel, 4eM y caMOK, HO B OOJBIIMHCTBE CBOEM MeHee, yeM Ha 5%. DITO MOCTOSHHO
HaOJro/1aeTcsl y B3pOCIBIX 0cOOel BceX BUIOB M Y PasHBIX BO3PACTHBIX rpymn Buaa M.
flaviventris, HO pe3yabTaThl HCCIEAOBAHHMS MOJIOABIX M FOBEHHUJBHBIX 0COOEH CliemayeT
MOBTOPHO MPOBEPUTH MPHU MOMOILM OOJbIIEro KoJnyecTBa 0Opa3LoB, BUJOB U B ujaease
P MOMOUIM OLUEHKH BO3PACTHBIX Ipynn 0ojiee TOYHOW, YeM MOJyUYEeHHOW Ha OCHOBAaHUU
nokasareseil M3HOIIEHHOCTH 3yOoB. Heckonbko 0o0JbLIMII pa3Mep caMIOB CBs3aH C
noyioBbIM 0TOOpOM. [lonmoBoit mumopdusM (GopMbl HECyIIECTBEHEH. DTO MOXKET OBITH
CBSI3aHO C TEM, YTO €/1Ba PaA3IMYUMBIA IMOJOBOM JUMOP(HU3M TPYAHO OIpPENEIUTh B
€CTECTBEHHbIX TMOMYJSALUAX, HO OH CTaHOBHUTCS Ooyiee OUYEBHMIHBIM, KOIJa O0COOHU
pa3MHOKAIOTCS B CTaHIapTH3MpOBaHHbIX ycnoBusx (Voss et al., 1990)

A2.Annomerpus ObUIa 3HAUMTENBHON BO BCEX CTPYKTYpPax U Y BCEX BUIOB, U3YUEHHbIX
10 Hacrosuiero Bpemenu. Y M. flaviventris annomerpust oTBeTCTBEHHA 3a BCE BO3PACTHbIE
cBorictBa ¢opm. OHTOreHeTHueckre H3MEeHeHHsT B (opMe OCOOCHHO BBIPAXKEHBI Y
IOBEHWJIbHBIX 0c00€i, a HeOOobLINE OTKIOHEHHUS OT JMHEHHBIX CBA3EH MEX1y pa3MepoM U
(hopMoOil MOTYT MPUCYTCTBOBATh B JaHHOM Ipymnmne U ObITh CBSI3aHHBIMU C MEPEXOIOM C
xuaKor (MoI0YHOIT) Ha TBepayto (pacTuTesbHy0) nuily. COOTHOLIEHUE B OTKJIOHEHUHU OT
(OpMBI, KOTOPOE CBSI3aHO C PA3IMYUsIMHU B pasmepe, BappupyeT or 10% no 50% wmexmy
BUJAaMH, HO MEXBHJOBBIE pa3IM4yUsi B OTKJIOHEHHWH OT (DOPMBI, KOTOpOE SBISETCS
AlJIOMETPUYHBIM, OYEeHb CXOJIHbI B MaHAuOynax u uepenax. Koppensuus wmexmy
BO3PACTOM MpH MNEPBOM PA3MHOKEHWH W COOTHOLICHHWEM aJJIOMETPUYECKOH (HOpMBI
oOHapy)XeHa y BHJIOB, 10 KOTOPBIM HUMEIOTCS JOCTAaTOYHO OOJBIINE BHIOOPKH W XOPOIIO
coxpaHuBiiMecs Bo3pacTHeie rpynmnbl. Kapauaum um O’Xwurrunce (2005) cuwmraror, uTO
MOCKOJIbKY MBILIIBI MPUKPETIIAIOTCS K 00JacTsIM, KOTOPbIE MOJBEPTHYThl 3HAYUTEIbHBIM
QIJIOMETPUYECKUM HM3MEHEHUsIM, AJUTEIbHOE M3MEHEHHE KOCTe B pe3ysbrare paboThl
MBILIL MOKET MOBJIEYb 3a COOOW MOSIBICHHE AJIOMETPUUYECKUX MoAupUKalMid, pazMep
KOTOPBbIX I'py0O MPONMOPLUUOHANEH UIMTENLHOCTH JKU3HM, NMPEIIIECTBYIOLIEH B3pOCIIOi
craauu (mepuo/, KOraa pa3BUTHE MBI HanOO0Jiee MHTEHCHBHO).

A3.OuoreHeTUYEeCKHii CUrHall HE BBIPAXKEH IO CPaBHEHHIO C OHTOT€HETUYECKHMU
AIJIOMETPUYECKUMH  TPACKTOPUSAMH, TIOCKOJIBKY MEXBHIOBBIE pPA3JIM4usg B IEIOM
HeBenuKW. bonblmas vacte paszauuuil B (opme, KOTOpbIe OTpa)xaroT (UIOreHHIO,
NPOSIBISIIOTCSA PAHO U COXPAHSAIOTCS B T€UEHHE MOCTHATAIbHOW OHTOI€HHH.

B1.CymecTBeHHbIH (DUIOreHETUYECKUI CUTHAl OOHapyKHMBAaeTCs B YEPernHO-3yOHbIX
npusnakax (Caumul and Polly, 2006). ITogponosas kinaccudukaliys CypKoB, OCHOBaHHAs
Ha OTKJIOHEHWH B ToOcienoBaresibHOCTH 1uToxpoma b (Steppan et al., 1999), B nenom
MNOJKPEIUISIIOTCS  MOP(HOJIOrMYeCKUMHU HCCIEeI0OBaHUSAMU 3y0OB, MaHAMOYJl MU YEperos.
DeHeTHUCKUE CBA3U Cpellu OJU3KOPOACTBEHHBIX BUJIOB HE HUMEIOT CTPOTOro COOTBETCTBUS
KJIaJjaM MOJICKYJISIPHOH (DUIIOTeHHH. DTO MOXET OBITh CBA3aHO C OLIMOKON BBIOOPKH.
Ouenku cpenHux (opM B HeOONBLIMX BBIOOPKAX MOTYT IOKa3blBaTh OTKIOHEHHE,
BbI3BAHHOE YpEe3MEpHO BBIOOPKOW MECTHOM MNEepexoJHON BapualMM, KOTOpas He
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¢bukcupyetcs B reHodoHIe BUIOB. Bubl cxoxero pasmepa (HampuMep, cambie MEJKHUE U
caMble KpYIHbIE) HE MOKA3bIBAIOT TEHACHIMI0O K OOBEJAMHEHUIO B KJAacTepbl. TakuM
o0pa3oM, TumoTe3bl O Pa3sMEPHONl TOMOIMIA3UKM HE MOAKPEIUISIOTCS HCCIeIOBaHUSIMU
YepernHo-3yOHOH M3MEHUMBOCTH Y CYpKOB. JleTanmbpHble 3KO-MOpPPOMETpUUECKHe aHATU3bI
HE TMPOBOJWINCH, HO M MOP(OJOTrHYECKHE KIACTEPHI, MO-BUAUMOMY, HE OTpa)aroT
skonoruueckux cxozacts (Cardini, 2003; Cardini and O’Higgins, 2004), a skoJjorus
OOBSICHIET CpaBHUTEIbHO HeOompmol pasmep (7-12%) wu3MeHYMBOCTH  (DOPMBI
MaHauOyI1b1, yepenoB u 3yoos (Caumul and Polly, 2006).

b2.ManauOynel 1 uepena ObLIM MPOAaHANM3UPOBAHBI MO OTAENbHOCTH. Ho ObLI0
TIOKa3aHOo, YTO OHM U3MEHSJIMCh COBMECTHO BO Bpemst oHTorenesa (Cardini and O’Higgins,
2005). Takske, MOXOKHE MOJEIHA M3MEHEHHUST (POPMBI OOHAPYKEHBI B OHTOI€HETHUECKUX
UCCIIeIOBAaHUAX MaHAMOYJ U yepernoB. Cxoxkue KiacTepsl B LIEJIOM 0OHAPY)KUBAKOTCS MPH
MEXBHUJIOBOM CpPaBHEHUHM pA3IUYHBIX CTPYKTYp Yy B3pocibix ocobeil. Ho rinaBHoe
UCKIIIOUEHHE cocTaBisieT M. monax, kpaHuaiabHas MOpP(OIOTHs KOTOPOTO COBEPILICHHO
OTJIMYHA, XOTS €ro MaHAUOyJspHble MPU3HAKKM CXOAHBI C AHAJIOTWUYHBIMU TpPU3HAKAMU
JpyruX BHJIIOB TOTO Xke mnojapoja. HeoObluHO miockuii W yBenuueHHbIH yepen M. monax
BEPOATHO CBSi3aH C JIOATOM M OTIEIbHOW HBOJIOLMEN, YHUKAJIBHOM SKOJOTHEH U
noBeJieHHeM 3Toro Buaa. Marmota monax siisiercsi 6a3aibHON JMHUEH B T€HETHYECKOM
nepese Crenmana u ap. (Steppan et al., 1999), omHum H3 [OBYX HEAPKTHUECKUX
npeicTaBuTeNied BO BCEM OCTAJILHOM MCKIIOYMTEIBHO MaJICAPKTUYECKOM MOJIPOIe
Marmota. DTo eIMHCTBEHHBIH BHJ CYypKOB, OTMEUEHHBIH TakXe M B jecax (PHCYHOK),
BeAYIIMHA OJUHOYHBIM 00pa3 >KM3HM M CO3pEBalOIIMi B BO3pacTe OAHOro roga. Bropoe
HECOOTBETCTBUE MEXYy MaHIMOYJIaMH M YepenamMu KacaeTcs CBS3el MeXAy CypKaMH U UX
HauOosnee OJU3KUMU poJcTBeHHUMKaMu. Koraa Oblin BKIIIOYEHbI ApYTHe BUAbBI, O0Ka3aJloch
41O Kiactep Kyaa BxomaT Spermophilus u Cynomys naxogurtcs OmmKe K CypKaM IpH
aHanu3e MaHAUOYJIbl U BEHTPAJILHOTO Yeperna, HO TPYIIUPYeTCs BMECTE Ha TOH e BETBU
yro U Tamias u SCiurus nmo QeHorpaMMe B pe3ysbTaTe TPEXMEPHOIO aHalW3a yeperna
(Cardini, HeonyOiMKOBaHHbBIE JaHHbBIE), @ TAKXKE MO JOP30-BEHTPAIbHOM MPOEKIMH TOU
K€ CTPyKTypbl. Hawmmyumiee o0OBsICHEHHE — 3TO COXpaHEHHE HaCJIeICTBEHHON
Mopdosoruu y MeHbiero yncia Tpuosl Marmotini (Spermophilus, Cynomys u Tamias) u
ABOJIIOLIMHU CYIIECTBEHHO nU(depeHITMpOBaHHOM YepenHoit Mopdonoruu y Marmota.

B3.CamMblii HeOXHUITAHHBIA pe3yJbTaT HEAABHUX MOPHOMETPUUYECKUX aHAIIM30B
MaHAMOYJI, YepernoB U 3y0OB CYpKOB — 3TO BbIpakeHHass Mopdosiornyeckas AUBEPreHIs
BAaHKYBEPCKOI0 OCTPOBHOr0 cypka. TpaauioHHbIH MOp(OMETpHUUECKUil aHaIu3 Yepernon
cypkoB (Hoffmann et al., 1979) He BbIsIBHI OTIMYMTENBHBIX YepT y M. vancouverenss,
KOTOPBIH, MO-BUIUMOMY, sBIsieTcss o4eHb cxoxum ¢ M. caligata u M. olympus. [lpu
nomoru uccaenoBanus JJHK nmociaenoBarensrocT nutoxpoma b Crenman u ap. (Steppan
et al., 1999) ormerunn, yTO reHeTMueckoe pacctosHre Mexay M. vancouverensis u M.
caligata ObLJIO aHAJOTMYHBIM TOMY, KOTOPOE OTMEUAJOCh MEXIy pa3IMYHBIMU
NOMYJSAUUAMM TIOCIeqHero Buaa. Tak, BaHKYBEPCKHIl OCTPOBHOW CypoK ¢ ero Oojee
TEMHOM IIEPCTHI0 MOT MPOCTO MPEACTaBIATh TeMHYI0 popmy M. caligata. Torpa Gonbiie
BJIOXKEHUS M YCHIUs, MpHUJaraeMble JAJs COXPAHEHUS 3TOr0 OCTPOBHOTO CypKa OT
BeiMupanus  (Bryant, 2002; Wilson, 2002) craHOBATCS COMHHUTEIbHBIMH, €CJIH
YHUKaJIbHOCTbh 3TOI'0 BHJA COCTOUT BCEro JIMIIbL B TEMHOM OKpace. OIHAaKO UCCe10BaHHs
MOBE/IEHUSI U TEeOMETPUYECKH MOpPPOMETPUUECKHI aHamu3 MOKa3ajld WHYI0 KapTHHY.
VYHUKaJIbHbIE COCTABJISIOIIME TPEBOXKHOIO Kpuka M. vancouverensiS ObulM OTKPBITHI
Barominreitnom (Blumstein, 1999), a ouepranus MaHanOyjbl M deperna ObUIM BBICOKO
JTVCTUHKTUBHBI (€CIM HE CaMbIMHM OTJIMYHBIMH CPEId BCEX COBPEMEHHBIX BHJIOB), YTO
OBUIO TIPOJIGMOHCTPUPOBAHO B HCClefoBaHMM KapauHu M coaBTOpOB, a (uiorpamma
[Monnu (Polly, 2003), Mmopdosoriuu KOpeHHOTo 3y0a BbISIBHJIA €T0 YCKOPEHHYIO IBOJIOIHIO.
BankyBepckuii OCTpOBHOM CypOK MOXET MPECTaBIATh CO00M ciyyail MOp(oiaornueckon
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¢bnykryauuu HeompeaenacHHoi cyapoel (Gould, 2002) B mepudepuiinoi momyasaiuu M.
caligata.  AnbrepHatuBHO, M. vancouverensiS MOXXHO  paccMaTpuBaTh  Kak
3apOXKIAIOIIUICSA HOBBIM BHUJl WM HACTOSIIMK OMOJOTMUYECKHH BHI, €CIM MEXaHH3MBbI
PENPOAYKTUBHON W30JIALMN YXKe TMOSBUINCH IS TPENOTBpAlleHUs] MHTEpOpHAMHTA C
JAPYTUMH TOMYJSiusAME (T.e. UIS MPEIOTBPAIICHUS] T€HETHYECKOro CIAMSHHUS U TOTEepH
muddepeHnmanur). ITH HOBBIC JaHHbIC YIUIyOWIM Hallle MOHMMAaHWE YHHUKAJIbHOTO
xapaktepa M. vancouverensis u Moa4epKUBarOT MOJIb3Yy JOMOJHEHHS MOJIEKYJISIPHOTO
aHanmu3a  TOYHBIMHM  MOP(OJOTMYECKUMH  HCCIENOBAaHUAMHU  JUIi  BCECTOPOHHEH
XapaKTEPUCTHKKN JUBEPTCHIUN TMOMYJISAIUN M TIIATSILHOTO TUIAHUPOBAHUS CTpPATETHH
COXPaHEHHUSI.

[Tocnennue mopdomMerpuyeckre HMCCIIeOBaHUs CYIIECTBEHHO YIUIyOWJIM Halle 3HaHHue 00
IBOJIIOLMKM CYypKOB. TemM He MeHee, NMpPEJCTOMT HCCIIEOBaTh MHOTHE Bompockl. Haubomee
WHTEpECHbIE O00JIACTH WCCIIEJOBAaHMI JIeKAT, MO-BUAMMOMY, HA CTBHIKE Pa3HBIX AMCIUTUINH.
CoBmenieHre MOP(HOIOTHYECKUX, OSKOJIOTUYECKHX, TE€HETHYECKMX U MaJeOHTOJIOrMYECKUX
WCCIIeZIOBAaHUI KpaifHe JKeNnaTeNbHO s JOCTHXKEeHHs Ooliee TITyOOKOTro NMOHUMaHus (haKTOpPOB,
o0ecrneynBaroIMX 3BOJIOIMOHHBIE TpaHchopMmauuu B ¢GopMme, a Takxke s UACHTUPHUKALUN
9HJIEMU3MA M PEKOHCTPYKIIMH YBOJIOIUOHHBIX H3MEHEHHH B MTPOIITIOM.

baaropapHocTu

Mpb1 00s13aHBI IIMPOKOMY KPYTY JIH0JIeH, BHECIIMX CBOM BKJIaJ B Hale ucciaenoBanue. Crioa
OlaroJapHOCTH TMPUBOAMIUCH M B mpeabiaynmx paborax Kapamnu u coaBTtopoB. Ocobas
0/1aroJapHOCTh BCEM MY3€WHBIM XPaHUTEISIM M PYKOBOJUTENSM KOJUIEKLMHA, KOTOpbIE
MO3BOJIMJIM HAM HCCJIEOBaTh CBOM OOpa3lbl U OKa3aliyd OOJNBIIYI MOMOIIb BO BpeMs cOopa
JaHHBIX. MBI Takke OnarogapHbl OpraHU3aTOpaM S5-0i MEXIyHAapOJIHON KOH(MEpPEHIUH TI0
cypkam (TamkenT, 2005 r.) 1 BceM TeM, KTO BHEC CBO BKJIAJ] B €€ YCIEIIHOE MPOBEICHUE.

Yacte aTOM paboTel Oblma mponenana, moka A. Kapauaum Ob1  CMUTCOHHMAHCKUM
cTunenauaToMm B HalimonansHOM My3ee ecTecTBeHHOU uctopuu, Bammurron, Oxpyr Komymobus.
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