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Abstract

On the example of bobak, inhabiting areas with a narrow diapason of vertical dismemberment, the influence of
relief dismemberment on the structure of marmots' alarm calls has been confirmed. These results do not contradict with the
earlier supposition which says that the reactivity of marmots is under the control of the current landscape perspective
(vertical dismemberment correlates with the distance of perspective). Vertical dismemberment begins to influence strongly
when it reaches the point of 50-60m. This lowest point must be critical for the development of slope processes (gravitational
and water erosion), caused by the dismemberment of the landscape.

Key-words: Steppe marmot, alarm calls, vertical dismemberment of relief.

Pezome

Ha npumepe 6Ganbaxa, Haceasiouje2o mecma obumanus ¢ YIiKum OUANA3OHOM GePMUKAAbHO20 PACYNEeHEeHUA,
ROOMEEPHCOHO ERUANUE PACUACHEHUR penbedda HA PUMMUNECKYIO CIMDYKIYpY npedynpexcoatoujezo ob onacnocmu cuerana
cypKoa. Dmu pesyibmanot He NPOMUBOPENAm GbiCKAIANHOMY paHee npednoROHCeHUI0 0 MOM, YMO PeaKMUGHOCHb CYPKOE
HaxXoOUmca nod KOHMponeMm OQubHEU NepCHeKmuest aandwaghma (gepmuxansHoe pacunenerue peivepa xoppenupyem c
danbrocmuio hepcrexkmuént). Bepmuxanoioe pacunenenue naubonee akmuGHO HauUNAEM UMb C MOMEHMA, Ko20a oHo
doemuzaem S50-60 m. Dmom wuxchuil npeden A61AEMCS, GEPOSMHO, KPUMUYECKUM OIA HAYARA PA3GUMUR CKAOHOBLIX
npoyeccos (zpasumayuonnas U 800HaA 3posu), 0BYCA08AEHHBIX PACYACHEHHOCMbIO pebeda.

Knroueevie c08A: cmennoli CypoK, npedynpexcoauu 06 OnAcHOCM CUZHAA, 6ePIMUKANbLHOE pAcYaeHerue peabedia.

Résumé

Linfluence de la fragmentation verticale du relief sur la structure des cris d’alarme des marmottes bobak a été
confirmé pour celles occupant des milieux a faible fragmentation verticale du relief. Ces résultats ne contredisent pas
Vhypothése selon laquelle [a réactivité des marmottes est contrélée par Iz perspective du paysage (le morcellement
vertical du relief est en corrélation avec la distance de la perspective). Cette influence devient importante quand la
fragmentation verticale atteint 50-60 m. (Ce dernier point peut étre critigue pour le processus de développement
des pentes (érosion li¢e d la gravitation et aux eaux), causé par fe morcellement du paysage.
Mots-clés : Marmotte des steppes, cri d’alarme, fragmentation verticale du relief,
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Introduction

The inhabitation of Marmotinae in open spaces became a basis of morphological, behavioral, and
ecological specialization of many species. This specialization includes adaptations that increase the distance of
detecting danger by vision. «A distance of landscape perspective» is an ecological factor that restrains the
enumerated adaptations. Presumably variations in this factor leads to variations of the corresponding
adaptations, including sound communication by an alarm call.

In the area of marmots the vertical irregularity of a relief greatly influences the «distance of perspective».
Scales of variations of the «distance of perspective», provoked by variations of vertical irregularity, are
commensurate with scales of distances of marmot reactions to land carnivores, tens and hundreds of meters.

Directly under the influence of a vertical irregularity and slope processes (water and gravitational erosion)
connected with it, secondary cuts in the main slope of a valley are formed (Voskresensky, 1968). It is very
characteristic of areas inhabited by marmots. A relief that is made more intricate by these processes closes a long
perspective of a space (Fig. 1D), allowing the usual land enemies of marmots unexpectedly to approach them
closely.

Earlier (Nikol’skii 1974, 1984, 1992, 1994, 1996) I showed that a vertical irregularity of a relief
influences marmot reactivity that is elicited by the alarm call. It is expressed partly in the increasing of a vertical
irregularity, limiting the distance of the landscape perspective and resulting in limiting the time pauses between
signal sounds or sounds united in short sets.

We may assume that under the influence of a vertical irregularity in the relief, which changes a distance
of a perspective, a selection of marmots by their reactivity occurs. This hypothesis is confirmed by the character
of situation variability of the signal - the selection influences directly that sign (behavior reaction) that is sensual
to variation of a distance: in the process of marmot signaling the shortening of distance for a danger stimulates
either the shortening of time intervals between sounds or their conjugation in short sets (Nikol’skii 1984, 1994).
As it was said before, the analogy correlation between the distance and the rhythmical structure of the signal is
observed and in the cases of variation of vertical irregularity of a relief,

In the previous publications (Nikol'skii 1974, 1984, 1996) the variation of rhythmical structure of the
signal was discussed on the interspecies level, on the background of wide diapason of a vertical irregularity of a
relief, and on the level of single species, the gray marmot (M. baibacina), to inhabited areas where a wider
diapason of a vertical irregularity is also peculiar (Nikol’skii 1994).

In this work the correlation between a vertical irregularity in the relief and a rhythmical structure of an
alarm call of the steppe marmot is shown. This species inhabits the zone of flat steppes of Eurasia. The narrow
diapason of vertical irregularity of relief characterizes them. It makes easier the analysis of the influence of a
structure on the marmot signal.

Materials and methods

The signal was tape-recorded under field conditions. An acoustical reaction by marmots was provoked by
a man who stood at a distance of some tens of meters from the animals.

A period of a sequence of sounds (time from the starting of a previous sound to the starting of the
following sound) was used as a variable of rhythmical structure of the signal (Fig. 1). The signal was analyzed
with the help of the program AVISOFT.

For the determination of the vertical irregularity of relief (height (h) in meters), we used «Geomorphology
division ...» (1980).

Tape-records of 171 individuals from 11 local populations were calculated. For the majority we
calculated the first sequence of ten periods in the signal.

Below are enumerated the work name of the marmot populations, the place and date of collection,
number of individuals (N), the collector, and the vertical irregularity of relief (h).

I. Nesterivka, Kharkov region. 1997. N = 16. A.A. Nikol'skii. h = 88m. 2. Kopanki, Ukraine, Kharkov
region. 1997. N = 15. A.A. Nikol’skii. h = 88m. The distance between the population Nesterivka and Kopanki is
20km. 3. Lugansk, Ukraine, Lugansk region. 1969. N = 15. A.A. Nikol’skii. h = 63m. 4. Ulyanovsk, Russia
Federation (hereafter RF), Ulyanovsk region. 1991. N = 18. M.V. Sukhanova. h = 125m. 5. Osinki, RF, Saratov
region. 1973. N = 15. O.B. Pereladova. h = 50m. 6. Grachiovka, RF, Orenburg region. 1997. N = 15. A.A.
Nikol’skii. h = 125. 7. Alexandrovka, RF, Orenburg region. 1997. N = 15. V.N. Rudy, E.E. Roschina, O.V.
Soroka. h = 125m. The distance between the populations Grachiovka and Alexandrovka is 20km. 8. Kuvandik,
RF, Orenburg region. 1997. N = 15. A.A. Nikol'skii. h = 175m. 9. Svet/ij, RF. Orenburg state nature reserve
(zapovednik). June 1997. N = 15. A.A. Nikol'skii. h = 45m. /0. Ermentau, Kazakstan, Akmola region. 1981. N
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= 15. N.A. Formozov. h = 120m. / /. Semisbugi, Kazakstan, Karaganda region. 1979. N = 17. M.V. Rutovskaya,
h=120m.

Results

Fig. 1 represents the examples of the diversity of the vertical irregularity of the relief in the places
inhabited by marmots from flat country (Fig. 1A) and the hilly country (Fig. 1B) to the relatively deeply
dissected low mounts (Fig. 1C, D) that cover the distant perspective of the space. The diversity of the signal
thythm corresponds to the diversity of the vertical irregularity of the relief. This correspondence has two main
forms for the steppe marmot: 1) variations in the periods of sound sequences but a signal rhythm has no
variation; 2) rhythm changes, sounds follow individually in uniform rhythm or united with short sets. In the last
case, time intervals between sets are usually on an order more than intervals between sounds in sets.

Fig. 3 shows the distribution polygons of sequence of periods of sounds for three populations of the
steppe marmot inhabiting areas with different vertical irregularity in the relief. The signal can consist of
sequences of slowly following sounds (Fig. 3A), fast following sounds (Fig. 3B), and of sounds united in sets,
which in the distribution polygons (Fig. 3C) is conformed by the second spike.

Fig. 4 represents the extreme variants of the signal structure: an order of slowly evenly sequencing sounds
peculiar to the plain populations (in the majority within the limits of the species areas) and the succession of sets
each of which has two sounds. Short sets consisting of two, rarely three sounds, are often met in the signal of the
steppe marmots inhabiting lowland Guberlinsk mounts of the South Ural (the Kuvandik population) and are not
typical for other species. This type of rhythmical structure is usual for the mongolian marmot (M. sibirica) which
inhabits lowland areas of the Mongolian mounts and the Transbaicalia (Nikol’skii 1974, 1984).

The regression analysis confirms the close connection between the gradients of the geographical
variability in the rhythmical structure of the signal and the gradients of variations of vertical irregularity in the
relief within the species area.

For the statistical interpretation we use two parameters: 1) the mean and 2) the median of sequence
periods of the sounds. For each of these two regression models were used: 1) a linear model and 2) a second
order polynomial model. All four variants of models are statistically significant (p < 0.001) and the R-Squared
statistic varies from 80 to 89% (Fig. 5).

Conclusion

New confirmations are presented for the influence of the vertical irregularity of a relief on the rhythmical
structure of the alarm call using the example of the species that inhabit areas with a narrow diapason of the
vertical irregularity. These results confirm the statement that the reactivity of marmots is controlled by a distant
perspective of a landscape (a vertical irregularity correlates with a distant perspective).

In the opinion of American specialists (R. Hoffmann, D. Blumstein, personal communication), in the
North American marmots probably the rhythmical structure of the signal is not correlated with the vertical
irregularity of a relief. Possibly their reactivity is under the control of other ecological factors that may be
connected with variability in the genesis of the landscapes within areas of Eurasian and North American
marmots. It’s interesting to remark that a rhythmical structure of the signal of the black-capped marmot (M.
camtchatica), as in the American species, is not related with a vertical irregularity of a relief. It must be said that
the habitats of this species differ greatly from other species of the Old Word marmots. This separation of the
black-capped marmot is confirmed by a likeness of its spectral structure to the signal of the American species
(Nikol'skii 1934).

A vertical irregularity begins to strongly affect from the moment when it reaches 50-60m (Fig. 5B, D).
Probably this lower limit is critical for the beginning of the development of slope processes that are provoked by
the irregularity of relief (gravity and water erosion). Below this limit other factors possibly affect other
mechanisms of relief formation.
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Fig. 1. The habitats of the steppe marmot with different irreqularity of relief. A: the most faintly iregular plane relief (Svetiy
population), B: the faintly irregular hilly relief (Grachyevka population); C, D: low mountains with typical cuts in the
main slope of the valley and a distant perspective of the space is closed (Kuvandik population) (Photo by
0O V.Soroka)
Puc. 1. Mecma obumarus cmenHozo_cypka ¢ PasnuiHbiM_pacyfieHeHuem pensega. A - oveHb cnabo pacyneHeHHbIl

pasHukHbld penee (nonynauusa Csetneii) B - cr1abo pacyneHeHHbId X0AMUCMOo-yeanucmsii pensed (nonynauyus
(paueska); C, D - Hu3kozopHeid peribedh ¢ xapakmepHsiMu epesamu & OCHOBHOU CKAOH GOMUHKL U 38KPLIMOU
danbHel nepcneskmueod npocmpancmea (nonynauus Kysanawik). (@omo 0.B.Copoka)

302




HOLARCTIC MARMOTS AS A FACTOR OF BIODIVERSITY
A.A. Nikol'skii TOPOGRAPHIC RELIEF AS A FACTOR ...

\

41 |1.f,,

0.2 04

0.6

0.8

i,
"'ﬁi by

1.2 14 16s

Fig. 2. A sonagram of two sounds of the alarm call of the steppe marmot: If, the low frequency component; hfo, the
fundamental frequency of the high frequency component; hfy, the first harmonic of the high frequency component; t,

the period between sounds.

Puc. 2. CoHozpamma deyx 38ykos npedynpexdatoulezo 06 onacHocmu cuesHaiia cmenHoeo CypKa: If - HusKkoYyacmomHsIl
KkomroHenm; hfy - OCHOBH&A WYacmoma 6biCOKOYacmOomHOo20 KoMfoxenma; hf; - nepeas  2apMOHuKa

8bICOKOYaCMOMHO20 KOMNOHeHma; t - nepuod cnedosaHus 38yKO8.

Fig. 3. The distribution of the periods of

Puc. 3.

sounds following in a signal of the
steppe mammot from three local
populations inhabiting habitats with
different vertical irreqularity of a relief
(see Fig. 1): A: Svellj; B: Grachevka,
C: Kuvandik.

[MonuzoHsl pacnpedeneHus nepuodos

cnedosaHus 38yKO8 8 cuzHare
cmenHo20 CypKa U3 mpex NoKanbHbIX
aonynayud, Haceaowux Mecma
obumaHus ¢ pasaudHbIM
gepmuKanbHbiM pacyneHeHueMm
pensedgha (cM. Puc. 1): A - CeeTnblil;
B - M'payeeka; C - KysaHabIK.
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Fig. 4. Rhythmograms of two_extreme variants of the steppe marmot's alarm call. Top, the sequence of singly, slowly
following sounds, a rhythmical structure, peculiar to the signal of populations inhabiting the plain with faintly irregular
habitats. Bottom, a sequence of sets all of which include double sounds; this rhythmic structure of the signal is usual
among marmot populations inhabiting low mounts with relatively deep irregularities in the relief.

Puc. 4. Pummozpamms) deyx kpaliHux eapuaHmos npedynpexdaouezo ob onacHocmu cueHana cmenHoao cypka. BepxHas -

PsI0 OOUHOYHO MEANEHHO CredylowUx 36yKos; Makas PUMMUYECKAR CMPyKMypa ceolcmsenHa cugHasy nonynauud,
Hacensiowux paeHurHbie, cnabo pacuneHeHHble Mecma obumadus. HuxHas - nocriedosamensHocme cepud,
kawdan u3 Komopbix codepxum no Oga 38yka; OamHas PUMMUYECKas Cmpykmypa cuesxana obbiyHa cpedu
nonynsuull CYPKoS, HACeNSIOLLUX HUKUE 20pbl C OMHOCUMENTbHO 21yGOKUM pacyfieHeHueM pensedga.
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The relationship between extent of a vertical irregularity in a relief (h) and the mean (A, B) and mode (C, D) of the

periods (t) of sounds in the signal of the inhabitants of 11 local populations of the steppe marmot. A regression is

produced by two models: (1) a linear model (A, C) and (2) a second order polynomial model (B, D).
A: t = 5.25292 — 0.0136674h; R* = 80.3%; p < 0.001.
B: t = 4.24591+0.00875052h — 0.000108385h%; R* = 89.4%, p<0.001.

C: t = 5.18926 — 0.0140942h; R?= 82.18%; p

< 0.001.

D: t = 4.6417-0.00190463h-0.0000589333h% R”= 84.78%; p< 0.001;
Where t is a period of the sequence of sounds in seconds; h is the vertical irregularity in meters.
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moder (C, D) nepuodos criedosanus (t.s) 3eykoe cueHana cmenxozo cypka 6 mecmax obumaxus 11 noxanmbHbix

nonynauud (cM. Paaden «Mamepuan u memodukas). Peepeccus npedcmasrieHa deyms modensamu - nuHetiHod (A, C)

u nonuHomuansHold emopoeo nopadka (B, D).

A: t=525292-0. 0136674h; R*=80.3%; p <0.001.

B: {=4.24591 + 0.00875052h - 0.000108385h°; R’ =89.4%; p < 0.001.

C: t=5.18926 - 0.0140942h ; R® = 82.18% ; P

D: t=4.6417 - 0.00190463h ~ 0.0000589333h

<0.001.
R =84.78% ; p < 0.001.

e t - nepuod cnedosarus 3eykoe 6 cekyHdax ;| h - sepmukaneHoe pacyneHeHue pensegha 8 Mempax.
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Authors' original text in Russian
AemopckKuli opueuHan Ha PyCCKOM A3biKe

BBegeHue

O6uTanue B OTKPITBIX MPOCTPAHCTBAX ABHIOCH MNPHYMHON  MOPQONOTHYECKOH, MOBEICHYECKOH H
JKOJIOTHUECKOH CNELMANH3alMH MHOTMX [peicTaBureneit HalemHbIX Oemmunux (Marmotinae). Jlanuas
CrieLIHANU3AlMA BITIOUAeT afanTalyy, yBelIHYHBAOLIHe NATbHOCTb OOHAPYXKEHUA OMNACHOCTH TOCPEACTBOM
3penus. DTOT AAANTHBHBIA KOMIUIEKC G1aroNpUATCTBYET B TOM YHCIIE M PAa3BHTHIO 3BYKOBOTO TPEYNPEAAEHUS
06 OI1acHOCTH.

[lepeuncnennble ajanTaldd, HaXONATCA MO KOHTPOJEM OaibHOCMU RepCHeKmughl Jaanowagma.
MOKHO OXMAaTh, YTO €€ M3MeHeHus, kak  Qakropa orbopa, mnosjiekyT 3a coboH W H3MEHeHHs
COOTBETCTBYIOLWIMX aJlanTaluii.

B apeane CypKOB Ha JaibHOCTh MEPCTIEKTHBI CHIBHO BIIMACT BEPTHKAILHOE PACHICHEHHE pellbeda.

Henocpe/iCTBEHHO MO BIWSHHEM BEPTHKAMBHOIO pAacdIEHEHMA W CBA3aHHBIX C HHM CKJIOHOBBIX
MpOLECCOB, BOAHOM M PABUTALMOHHON 3pO3HH, GOPMUPYIOTCS BTOPHYHBIE BPE3bl B OCHOBHOH CKJIOH JIOJMHEI
(Bockpecenckuit, 1968), 4T0 OYeHb XapakTepHO Ui MecT obuTanus cypkos (puc. 1C). VCIOKHEHHbIH STHMY
npoueccamu penbed) ckpeieaem OarbHiolo nepcnexmugy npoctpaHcTBa (puc. 1D), no3ponss 0OBIHAIM
HA3EMHBIM Bparam CYpKOB HEOXKHMIQHHO MOAXOAMTh K HUM Ha G/IM3K0e pacCTosHUE.

Panee (Hukonpckmii, 1974, 1984, 1992; Nikol’skii, 1994, 1996) Mbl 1oxasaiu, 4TO BepTHKanbHOE
pacuneHeHMe peibeda BIAMAET Ha PEAKTUBHOCTE CYPKOB, pealu3yemyio MOCPEACTBOM  3BYKOBOTO
npeynpexaaomero 06 OMACHOCTH CMTHama. 3TO BBIPAXaeTCAi B HaCTHOCTM B TOM, HTO YBENHYCHME
pacuieHeHMs, OrpaHWdMBas NaTbLHOCTH MEPCUEKTHBHl NaHumadTa, OPHBOAMT K COKDALIEHMIO BPEMEHHLIX
MHTEPBAJIOB MEXKY 3ByKaMu, 00pasyroIMMH CUTHAJ, WM JKE 3BYKH 00BEANHAIOTCS B KOPOTKHE CEPHH.

CKa3anHOE MO3BONAET NPEAIONOKNTE, YTO [0 BIKMAHWEM BEPTHKANLHOTO PACWICHEHHS, H3MEHAIOUIETO
HATbHOCTh NEPCHEKTHRLI, MPOHCXOAUT 0TOOpP CYPKOB Ha PEAKTHBHOCTh. DTO MPENONOKEHHE MOATBEPKAAeTCH
XapakTepOM CHTYaTHBHBIX U3MEHEHHMH CHIHana - 0TOOp HeHCTBYET MMEHHO Ha TOT MpPHU3HAK (IOBEIEHYECKYIO
PEAKLHIO), KOTOPBIl Yyscmeumenen K UIMEHeHwo PAcCmosHus: B IPOLECCe CHIHAIM3ALMY CYPKOB COKpaIleHHe
PACCTOAHMA 10 HCTOYHHMKA ONACHOCTH BhI3bIBAET MO0 COKpALIeHVe BPEMEHHBIX WHTEPBANOB MEXY 3BYKaMH,
oOpasylomumMu CurHaa, 100 MX obbenunenue B KopoTkue cepud (Hukonbckuii, 1984; Nikol'skii, 1994).
AHaJIOrMyHas CBA3b PACCTOSHHSA C PUTMHYECKOH CTPYKTYpO# CHrHaa HAaOMIONAETCA M B CIIYYasX M3MEHEHHS
BEPTHKATLHOTO PacijieHeH A pelibeda.

Panee M3MEHUMBOCTB PHUTMMYECKOH CTPYKTYPhl CHrHala oOCYXITanack Ha MEKBHJIOBOM YpOBHE
(Huxonsckuii, 1974, 1984; Nikol’skii, 1996), na (oHe IUMPOKOro AManasoHa BEPTHKANBHOIO PacdieHeHUs
penbeda, ¥ Ha YpOBHE OJHOrO BWJA, ceporo cypka (M. baibacina), mectam oOMTaHMs KOTOPOIO TaKke
CBOMCTBEH IMPOKMH nana3oH BepTukanbHoro pacuienerus (Nikol'skii, 1994).

B nasHoji paboTe nokasaHa KOppensLMs MeXay BEPTHKAIbHBIM PAacueHEHUEM pelibea i PUTMUYECKON
CTPYKTYpOH CHrHajia CTemHOro cypka. OH HacenseT 30HaIbHBIe PaBHUHHBIE cTeny EBpasui, M KOTOPBIX
XapaKTepeH Y3KHH 1Hana3oH BEPTHKANLHOTO PacuIeHEH s, YTO 1I03BOJIseT Oojiee TOHKO NPOAHANN3UPOBATE ET0
BIIUSHHE HA CTPYKTYpPY CHrHAla CYpPKOB.
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CYPKW TONAPKTUKI KAK ®AKTOP BUOPA3HOOBPA3UA
A.A. Hukonsckulli PEJTBE® KAK ®AKTOR ...

MaTtepuan u meToauka

CurHaj 3anMcal Ha MarHMTHYIO JICHTY B MOJIEBBIX YCAOBMAX. AKYCTHYECKYIO PEaKLHIO Yy CYPKOB
IPOBOUMPOBAN YeT0BEK, CTOS OT HMX HA PACCTOAHMH HECKONBKHX AECATKOB METPOB.

B kauecTBe rapamMeTpa pUTMHUHECKOH CTPYKTYpBl CHIHAfa MCMOMb30BaH NEPHOL CISMOBAHNA 3BYKOB -
BpEM# OT Hauana MpesbiLyIuero 3Byka 10 Hauana nocneayiomero (puc.1). CHrHan aHanu3HpoBainy ¢ TOMOUILIO
nporpammsl Avisoft - SONOGRAPH Light 1.

Jlanusle o BepTHKanbHOM pacuienennn peipeda (hm) nomyuewst u3  «'eoMOpOIOTHYECKOro
paionupoBanua CCCP...» (1980).

Bcero obpa6ortambi 3anucu currana 171 ocobu u3z 11 sokanbHpIX nomynsuui. B nomaBisrouieM
BOBIIMHCTBE C/IYYaER Mbl H3MEPAIY TIepBbIc B NOCIICA0BATENBHOCTH 3ByKoB 10 NepHOIOB Clie/I0BAHHUS.

Hixe nepeduciensl pabouue Ha3BaHus nomynsumi 6aitbakos, mecta W roa cbopa mMarepuana, 4MCio
ocobeii (N), onepatop, coOpaBIINi MATEPHAT, W BEPTHKANLHOC pacusicHenun pesbeda (h,m).

1. Hecmepueka. Yxpausa, Xapskogckas o6nacts. 1997. N = 16. Hukonbckuit A.A. h = 88m. 2. Konauiu.
Vipauna, Xapbkosckas obnacts. 1997. N = 15. Huxoneckuit A.A. h = 88m. PacctosiHue Mexay nonynsiuuu
Hecmepuexa w Konanxu 20 kM. 3. Jlyzanck. Y kpauna, Jiyranckas obnacts. 1969. N = 15. Hukonsckuit A.A. h =
63m. 4. Vaesnoeck. Poccuiickas Meepauus (ganee PO), VnbsaHosckas obnacts. 1991. N = 18. CyxaHosa M.B. h
= 125M. 5. Osunxu. Pd, Capatosckas obmacts. 1973. N = 15. Tepenagosa O.B. h = 50M. 6. I'paveska. PD,
Openbyprekas obnacts, [pauenckuii paiton. 1997. N = 15. Hukoasckuit A.A. h = 125m. 7. Anexcandposxa. PO,
Openbyprckas o6nacte, ['pauesckuii pajion. 1997. N = 15. Pyau B.P., Poumna E.B., Copoka O.B. h = 125m.
Pacctosune Mexy nomynsumamu [paveska W Anexcawoposka 20 kM. 8 Kyeawowk. P®, Openbyprckas
obnacts, Kysanapikckuit paitfon. 1997. N = 15. Hukonsckuii A.A. h = 175m. 9. Ceemuviu. P®, Opendyprekas
o6nacts. Openbyprekuii rocynapcTeennbiii 3anosenauk. 1997. N = 15. Hukonmsckuit A.A. h = 45m. 0.
Epwmenmay. Pecrybnuxa Kasaxcrad, Axmonnunckas o6nacts. 1981. N = 15. ®opmosos H.A. h = 120m. /7.
Cemusbyeni. Pecrybnuka Kasaxcran, Kaparanuuuckas obnacts. 1979. N = 17. Pyrosckas M.B. h = 120m.

PezynbTaThl

Ha puc. | npuseneHsl npumepbl pasHooOpasHs BEPTHKaILHOTO pacwieHeHus penbeda B MecTax
OGUTaHUA CYPKOB, OT MOHYTH MNOCKOH paBHMHBI (puc. 1A) M XonmucTo-yBamuctoro peibeda (puc. 1B) no
OTHOCHMTENBHO TmyGokoro pacuneHeHus HW3KHX rop (puc. 1C,D), CKpbIBAIOWIETO NanbHIOW MHEPCHEKTHBY
(IPOCTPaHCTBA.

Pa3H006pa3Hi0 BEPTHKAILHOIO paculicHeHus penbeda COOTBETCTBYET W pa3sHOOOpasWe PUTMHUYECKOH
CTPYKTYpBI CHTHaa. ¥ CTENHOr0 CypKa OHO BBIPAXEHO B IBYX OCHOBHBIX (popmax: 1) M3MEHSIOTCH TepHOJIbI
CHIEJ{OBAHHS 3BYKOB, HO PUTM CHIHAlla HE H3MEHSETCS; 2) PUTM H3IMEHSETCH, 3BYKH CIEAYIOT JIHOO 0AHHOYHO, B
OTHOCHTE/ILHO PABHOMEPHOM puTMe, TH60 06heANHAIOTCS B KOPOTKHE cepuu. B nocnienneM ciyyae BpeMentbie
MHTEPBAIbLI MEK/LY CEPHAMH 00BIYHO HA NOPAOK NPEBbILIAIOT HHTCPBAJIbI MEXK/Y 3BYKaM# BHYTPH CEpHil.

Ha puc. 3 m300pakeHbl TONHTOHBI Paclpefeetns NepHONOB CIEA0BaHUs 3BYKOB B 3-X MOMyJALMAX
CTENHOr0 CypKa, HACENMoOlMX MecTa OOMTaHMs C PasNM4HBIM BEPTHKANbHBIM paculieHeHHeM. PHUCyHOK
[IOKA3BIBAET, YTO CHIHAJ MOXKET COCTOSTH M3 MOCHIEIOBATENILHOCTEH MEAICHHO CNEAYIOMINX 3BYKOB (pHC. 3A),
GpicTpo crenyiouux (puc. 3B) 1 13 3BykoB, oGbennHenHbIX B cepuu (puc. 3C).

Ha puc. 4 uzobpaxkeHsl kpaliHHE BAPHaHTBI CHrHaa: PAL MEMIEHHO PaBHOMEPHO CIEYIOLINX 3BYKOB,
CBONHCTBCHHBIH PABHUHHBIM MONYJSLHAM (DOMBIIHHCTRO B MPENeax BAJIOBOTO apeana), M NOC/eloBaTeIbHOCTh
cepHit, kaxaas U3 KOTOPbIX CONEPXMHT no 2 3Byka. KopoTkue cepuH, coCTOsLIME U3 ABYX, PeXe TPEX 3BYKOB
HACTO BCTPEUAOTCS B CHTHANE CTEIMHBIX CYPKOB, Hacensrouux Huskue ['ybepiaunckue ropet IOxHoro Vpana
(motrynsaumus Kysandelk) W [ BUIA B LENOM HE XapakTepHbl. DTOT THII PHTMUYECKOH CTPYKTYphl 00bivueH y
tapbaraua (M. sibirica), oburarens HeBbICOKHX rop Monronuu u 3abaikanes (Hukonsckuii, 1974, 1984).

TecHyI0 CBA3b MEX/IY rpaiHeHTaMy reorpauyeckoid M3MEHUHBOCTH PUTMHUYECKOH CTPYKTYPbl CHrHana
M rpamMeHTaMM H3MEHEHWHl BEPTHKAJLHOrO pacyieHewus peabeda B apeaje BHAA MOATBEPKIACT
perpecCHOHHBINH aHanu3 (puc. 5).

Ji19 CTaTMCTHYECKOTO OLEHVBAHMSA Mbl HCIIONIL30BANM 1BA napaMeTpa: 1) CPe/iHioin apupMETHIECKYIO H
2) MeAHAHy NEPUOJIOR CAEAOBaHH 3BYKOB. B OTHOMIEHMH KaKIOTO U3 HHX MPHMEHEHb! ABC MOLCIIM PErPeCCHH:
1) npocTas nuHeiiHas perpeccus M 2) MojMHOMHUanblas MOAENb BTOPOTO mopsaka. Bcee uethipe BapuaHTa
Mozenei craTucTHIecky octosephsl (p < 0,001) ¢ Boicokum 3Hauennem R-kpaapat (ot 80 no 89%).
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HOLARCTIC MARMOTS AS A FACTOR OF BIODIVERSITY
A.A. Nikol'skii TOPOGRAPHIC RELIEF AS A FACTOR ...

3aknioueHune

IToyueHbl HOBbIE TIOATBEPXKICHVS BIUAHMIO BEPTHKAILHOTO PactieHEHHs peibeda Ha PHTMUYECKYIO
CTPYKTYpY NpeAynpexaalomero o6 onacHOCTH CUrHala Ha NpUMEpe BHIA, HACSAOLEro MeCTa obuTaHaa ¢
Y3KMM IMAMa30HOM BEPTHKAILHOTO pacwieHeHWs. OTH pesyNbTaTbl MOATBCPXKIAIOT BBICKa3aHHOE paHee
IPEAMNOIOKEHHE O TOM, 4TO PEAKTHBHOCTL CYPKOB HAXOMMTCA IOJ KOHTPOSEM AaibHEH MEePCreKTHBL!
nanamadra (BepTHKATLHOE pactieHeHUe pesbeda KOpPeTUpyET ¢ MallbHOCTBIO 1ePCIeKTHBBI).

ITo MHeHHIO amepuKkaHckux cnenuanucros (R. Hoffmann, D. Blumstein, anvsoe coobuienxue), y Cypkos,
nacensmonux CeBepHYIO AMEPHKY, BEPOSATHO OTCYTCTBYET KOPpEJsiLEs PUTMMYECKOH CTPYKTYpbl CHrHana ¢
BePTUKANbHBIM pacuiieHeHueM peiibeda. BO3MOKHO MX PEAKTHBHOCTH HAXOMMTCA MO KOHTPOIEM HHBIX
3KOTOTHYECKHX (aKTOPOB, YTO MOXKET ObITh CBA3AHO C Pa3MuMAMK B I'CHE3HCe nanuIadToB B apeaiax CypKoB
Erpasuu u CerepHoll AmMepuKku. UHTEPECHO B 3TON CBA3H OTMETHTh, YTO PUTMHYECKas CTPYKTYpa CUrHana
4epHOWANOYHOTO Cypka (M. camtchatica), KaKk W aMEpPUKAHCKHX BHIIOB, TaK Jke HE CBA3aHa C BEPTHKAIBHBIM
pacuienenuem penbeda. He uMes BOIMOXHOCTH 00CY aTh ACTAIH ITOTO (PEHOMEHA, MOKHO JIHUIL OTMETHTE,
yTO MecTa OOMTAHMS JaHHOr0 BHAA CHIIBHO OTAMYAKOTCH OT MECT OOHMTaHHS OCTadbHBIX BHIOB cypkoB Ctaporo
Caera.

Kak cneayer w3 puc. 5B,D, BepTukambHOe pacujieHeHue, HaudoJiee aKTHBHO HAYWHAET BIMATE C
MOMEHTa, Korja oHo gocturaer 50-60 m. BeposTHO 3TOT HIDKHMH Mpejest SBNsSeTCA KPUTHICCKAM JUIA Hadalia
pPa3BMTHS CKJIOHOBBIX NPOLECCOB, BHI3BIBAEMBIX pacdieHeHHeM penbeda (rpaBUTaUHOHHAs ¥ BOJHAA 3PO3UK).
Hike 3T0T0 Ipe/iesia BO3MOKHO AENCTBYIOT HHBIE (AKTOPbl, MHBIE MEXaHH3MBI (HOPMHPOBaHUs penbeda.

BnarogapHocTu

Bnarojapio MOMX KOJUIET, B pa3Hble TOBI 3aMMCABIIMX CHUIHAMbl CYpKoB B moneswix ycnosusx: O.b.
epenanosy, E.B. Pouwny, B.H. Pyau, M.B. Pyrosckyio, O.B. Copoka, M.B. Cyxanosy, H.A. ®opmo3sosa. 3a
Texnuueckyro nomols 1 Gnaroxapes M.E. I'omsimany, M.A. Hukossckomy, B.H. Porkusy, B.}O. PymaHiesy n
B.A. TokapckoMy. Ocobasi GnarofapHOCTh MOeMy amepuxaHckomy kosutere [l bmommreiiny. Jlnckycenn ¢
auM B YeBokcapax MO3BOJIMIM TO-HOBOMY B3TNAHYTh Ha HEKOTOpHIE acleKkThl  AaBHed mpobnemsl. PaboTa
BBIMOTHEHA Ha cpeacTsa rpadta INTAS-94-1428.
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