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The gray or Altai marmot (Мarmota baibacina
Kastschenko, 1899) and the tarbagan or Mongolian
marmot (M. sibirica Radde, 1862) both have extensive
natural habitats, which overlap in the Mongolian
Altai. Earlier studies delineated the area of coexistence
of these two species in the upper reaches of the Buyant
River and the Bulgan River basin and found traces of
their hybridization (Smirin et al., 1985; Formosov,
Nikol’sky, 1986). The mechanisms responsible for the
preservation of these two species in spite of their
hybridization are of interest. As was shown with the
ground squirrels of the Spermophilus genus, the spatial
distribution of different species governed by the
biotope characteristics determines the degree of segre�
gation of sympatric species (Titov et al., 2006). The
biotopic distribution of the gray and Mongolian mar�
mots in the zone of overlapping of their habitats was
studied earlier (Smirin et al., 1985; Rogovin, 1992).
The alarm call was used in these studies for identifica�
tion of the species apart from the morphological traits
(Smirin et al, 1985; Formosov, Nikol’sky, 1986). Tak�
ing into account the fact that the external differences
between M. baibacina and M. sibirica are not suffi�
ciently distinct, the use of the alarm call allows us to
determine reliably the species of a large number of ani�
mals without taking them out of their natural habitat.
This paper gives the preliminary results of studying the
spatial distribution of two species of marmots in a sym�
patry zone. The study was based on determining the
specific characteristics of the alarm calls of the two
species, recorded during the Joint Russian–Mongo�
lian Complex Biological Expedition of the Russian

Academy of Sciences and the Mongolian Academy of
Sciences devoted to the study of marmots.

EXPERIMENTAL

The alarm call of marmots was recorded in the field
conditions using a Marantz�PMD660 digital tape�
recorder (Japan) and an Audio�Technica AT897 con�
denser microphone (Japan) in the noncompressed
digital format Wave (WAV) with the discredit fre�
quency 48 kHz. The acoustic reaction was provoked by
a man standing at a distance from the animal or mov�
ing slowly towards him. The coordinates of the where�
abouts of the animals were determined using a GPS�
navigator (JJ�connect, Russia). The main criterion for
including the recording into the analysis was the qual�
ity of the phonogram. The total number of analyzed
recordings was from 69 marmots from the sympatry
zone of M. baibacina and M. sibirica in the Mongolian
Altai in the upper reaches of the Ulagchin�Gol River
(the left tributary of the Bulgan River), which were
made from June 20 to July 7, 2008, over an area of
25 km2 with the coordinates of the central point
47°27′31″ n.l. 90°52′40″ e.l.

The acoustic characteristics of the alarm call were
analyzed using the SpectraLab 4.32.17 program. Time
and frequency characteristics were used as species�
specific indicators of M. baibacina and M. sibirica,
which were described earlier (Nikol’sky, 1976, 1984):
the presence or absence of a pause between the low�
and high�frequency components of the alarm call and
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the character of the high�frequency component mod�
ulation.

The spatial distribution of marmots in the sympatry
zone was analyzed using an satellite images of 30 Mpixels
provided in open access by Google (United States)
and topographic maps of the 1 : 20000 and 1 : 10000
scale on which points were plotted of the whereabouts
of animals with indication of the species identified by
their alarm call.

RESULTS AND DISCUSSION

The alarm call of the gray marmot differs from that
of the tarbagan by a pause between the low� and high�
frequency components. The characteristics of the fre�
quency modulation of the high�frequency component
of the tarbagan’s call are usually symmetrical while for
the gray marmot the final frequency of this element is
significantly higher than the initial one. In addition, in
most cases, there are lateral frequencies in the spec�
trum of the Mongolian marmot alarm call, higher and
lower than the carrier frequency, caused by the ampli�
tude modulation of the carrier frequency (Nikol’sky,
1976, 1984, 2007).

An analysis of the spectral components of the mar�
mot alarm calls in the sympatry zone (the upper
reaches of the Ulagchin�Gol River) allowed us to
identify the species of 66 animals, from which 52 were
classified as M. sibirica and 14 as M. baibacina. The
alarm calls of these animals do not differ in the struc�
ture of the spectrum from individuals from other pop�
ulations living outside the contact zone (Fig. 1). The
calls of three animals were excluded from the analysis
because difficulties arose in their identification associ�
ated with the uncertainty of the characteristics of their
calls. The difference of these specimens can be
explained by individual variability or possible hybrid
descent of the individuals and might require additional
research.

An analysis of the spatial distribution of the identi�
fied individuals showed that most calls of gray mar�
mots were registered in rock outcrops with bouldery
screes (Fig. 2). The calls of tarbagans, on the contrary,
were registered in all biotopes of the studied area. The
height distribution of gray marmots is characterized by
their localization in the upper half of the slopes. Most
probably, it reflects the pattern of the bouldery screes.
It should be noted that one of the two gray marmots
registered at the foot of the slope (Fig. 2a) was situated
in a similar biotope. We encountered the calls of tar�
bagans in all mountainous areas, from a valley bottom
to the crests of mountain ridges.

The biotopic and height distribution of
M. baibacina and M. sibirica in the contact zone,
namely, in the upper reaches of the Ulagchin�Gol
River, was discussed by other authors (Smirin et al.,
1985; Formosov, Nikol’sky, 1986; Rogovin, 1992).
The distribution pattern of these two species described
by them differs slightly from the one we discovered.

They also note that bouldery screes are the preferential
habitat of M. baibacina. The tarbagan was found by
them to inhabit mostly bottoms of valleys and not ven�
ture onto the slopes of mountain ridges (Smirin et al.,
1985). Our observations showed that in the upper
reaches of the Ulagchin�Gol River, the tarbagan occu�
pies almost all suitable stations, including the bouldery
screes and plateaus, climbing higher than 3000 m
above sea level (Fig. 2a). It should be noted that such
eurytopicity is characteristic of the tarbagan from the
Gobi Altai and other parts of the Mongolian Altai,
outside the zone of contact with the gray marmot. This
fact was mentioned by both Smirin et al. (1985), who
referred to previous studies and their own observa�
tions, and Rogovin (Rogovin, 1992). We also observed
tarbagan stations in bouldery screes on the slopes of
Mount Ih�Bogdo (Gobi Altai). On the other hand, it
is difficult to agree that the gray marmot inhabits the
same stations in the sympatry zone as in the zones
where it is the only species in the Mongolian Altai
(Smirin et al., 1985), i.e., the crests and slopes of
dividing ridges with preference given to bouldery
screes. We observed stations of gray marmots 22 km to
the north of Ulguii (the center of the Bayak�Ulguii
aimak, Mongolia) on sandy and pebbly slopes, cov�
ered with caragana, on the slopes of Mount Galan
(25 km to the south of the Tsagaanuur settlement in
the Bayan�Ulguii aimak) situated both at the foot of
the mountain and on the dividing plateaus with fine
(melkozem) and pebbly soils, and at the bottom of
river valleys on the Sailugem ridge in the vicinity of the
Kosh�Agach settlement. Apparently, the opportunities
for occupying various biotopes outside the sympatry
zone do not differ significantly for M. sibirica and
M. baibacina. The biotopic separation of these two
species in the zone where their habitats overlap allows
us to presume the existence of competition between
them. Smirin et al. (1985) and Rogovin (Rogovin,
1992) believe that the gray marmot possesses a higher
degree of competitiveness and restricts the habitation
of the tarbagan in the sympatry zone to the bottom of
river valleys. Our study, on the contrary, revealed that
the tarbagan ousts the gray marmot, rather than vice
versa, and limits its expansion to bouldery screes.

Based on the results of previous studies, the possi�
bility of contacts between individuals of M. sibirica and
M. baibacina (Smirin et. al, 1985; Formosov, Nikol’sky,
1986) had not been excluded but no coexistence of the
two species had been registered previously. However,
we found areas of coexistence of tarbagans and gray mar�
mots within the confines of the studied area (Fig. 2b).
Animals of both species were noted to live on the ter�
ritory belonging to one family. In our case, such terri�
tories are situated in recesses of mountain slopes, cov�
ered with bouldery screes. A marmot with the alarm
call of M. baibacina was registered at the foot of the
slope on the bank of a stream next to family groups of
M. sibirica (Fig. 2b). It is known that marmots do not
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Fig. 1. The main characteristics of the alarm call: (a)� Marmota sibirica from a population outside the zone of sympatry (Tarbag�
atai crest, Hangai, Arhangai aimak, Mongolia), (b) M. sibirica from the sympatry zone (Ulagchin�Gol, Mongolia), (c) M. bai�
bacina from outside the sympatry zone (Altaiskii Krai, Krasnogorskii district, the outskirts of the village of Berezovka),
(d) M. baibacina from the sympatry zone (Ulagchin�Gol). Lf—low�frequency component of the call, Hf—high�frequency com�
ponent, P—pause between them.



324

BIOLOGY BULLETIN  Vol. 37  No. 3  2010

BRANDLER et al.

tolerate individuals that do not belong to their family
group and yet venture into their territory (Mashkin,
Baturin, 1993; Mashkin, 1997). We did not observe
any aggressive behavior between gray marmots and
tarbagans inhabiting one territory. It can be conjec�
tured that individuals of different species coexisting on
one territory belong to mixed family groups, which
increases considerably the possibility of hybridization.

In conclusion, it should be noted that despite the
fact that the described area of overlapping habitats of
the gray and Mongolian marmots is relatively large,
the character of the coexistence of these two species
and their hybridization has been studied on a limited
area in the upper reaches of the Ulagchin�Gol River.
Evidently, in the future, it would be expedient to con�
duct similar research in other areas of the sympatry
zone in order to reveal the processes that take place in
it. Taking into account considerable difficulties of
identifying these two species of marmots by the color�
ing and structure of their fur during the summer molt,
which lasts here on average from the end of May to
mid�July, the alarm call seems a promising diagnostic
tool.

ACKNOWLEDGMENTS

The authors are grateful for the help in organizing
the field research to the administration and employees

of the Joint Russian–Mongolian Complex Biological
Expedition (JRMCBE) of the Russian Academy of
Sciences and the Mongolian Academy of Sciences. In
our studies we were helped by A.A. Bannikova (Mos�
cow State University), A.I. Svininykh (Russian
Research Institute of Game Management and Fur
Farming), the driver V.E. Maidikov (JRMCBE), and
the Mongolian members of the expedition S. Chingis
and U. Erdenechimeg. We express sincere gratitude to
all these people.

This work was supported in part by the Russian
Foundation for Basic Research and the Gene Pool and
Genetic Diversity Underprogram of the Biological
Diversity Program of Basic Research of the Presidium
of the Russian Academy of Sciences.

REFERENCES

Formozov, N.A. and Nikol’sky, A.A., Acoustic Signals of
the Gray Marmot and Tarbagan in the Sympatry Zone,
Vestn. Mosk. Univ., Ser. 16: Biol., no. 3, pp. 41–44.

Mashkin, V.I. and Baturin, A.L., Surok Menzbira (Menz�
bier’s Marmot), Kirov: VNIIOZ, 1993.

Mashkin, V.I., Evropeiskii baibak: ekologiya, sokhranenie i
ispol’zovanie (Bobac Marmot: Ecology, Conservation, and
Use), Kirov: Kirov. Obl. Tipografiya, 1997.

Nikol’sky, A.A., Zvukovye signaly mlekopitayushchikh v
evolyutsionnom protsesse (Acoustic Signals of Mammals in
Evolution), Moscow: Nauka, 1984.

3147.0

3365.0

3165.0

2.0
0 0.5 1

km

1 2 3 4

0.25 0.50

km

Fig. 2. The places where the alarm call of the two species of marmot was recorded in the upper reaches of the Ulagchin�Gol River:
(a) the area studied (the framed area shows the area of the coexistence of the two marmot species), (b) the area of coexistence of
gray marmots and tarbagans. (1) M. sibirica, (2) M. baibacina, (3) bouldery screes, (4) rocks.



BIOLOGY BULLETIN  Vol. 37  No. 3  2010

SPATIAL DISTRIBUTION OF MARMOTA BAIBACINA 325

Nikol’sky, A.A., The Influence of Amplitude Modulation
on the Structure of Call Spectrum

in Marmots (Marmota, Rodentia, Sciuridae), Izv. Akad.
Nauk, Ser. Biol., 2007, vol. 34, no. 4, pp. 428–436.

Nikol’sky, A.A., Alarm Call of Marmots (Marmota) as a Spe�
cific Trait, Zool. Zh., 1976, vol. 55, no. 8, pp. 1214–1224.

Rogovin, K.A., Habitat Use by Two Species of Mongolian
Marmots (Marmota sibirica and M. baibacina) in a Zone of
Sympatry, Acta Theriol., 1992, vol. 37, no. 4, pp. 345–350.

Smirin, Yu.M., Formozov, N.A., Bibikov, D.I., and Myag�
marzhav, D., Characteristics of Colonies of Two Marmot
Species (Marmota, Rodentia, Sciuridae) in the Zone of
Their Contact on Mongolian Altai, Zool. Zh., 1985, vol. 64,
no. 12, pp. 1873–1885.

Titov, S.V., Ermakov, O.A., Shmyrov, A.A., et al., Popula�
tion Characteristics of Interspecific Hybridization of
Ground Squirrels (Spermophilus: Rodentia, Sciuridae),
Byul. MOIP, Otd. Biol., 2006, vol. 111, no. 5, pp. 36–41.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


