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Abstract

The Alpine Marmot lives in familial groups: a pair of reproductive dominant adults and subordinates. To reach
dominant status and reproduce, a subordinate has to evict the dominant of its group or to disperse. Several hypotheses have
already been proposed to explain natal dispersal. Among them, the social behaviour can be involved as a Jactor. Anderson
1989 proposed 2 hypotheses: Dominants govern the dispersal of the subordinates, to maximise their own fitness (Resident
fitness hypothesis); subordinates behave in their own interests (Emigrant fitness hypothesis). In the French Alps, over 13000
social inferactions between marmots belonging to the same familial group were recorded, in many groups, during ad libitum
observations. Interactions between dominants and theiv subordinates were analysed here. Dispersal patterns seem not only
to depend on the behaviour of the dominants but also on what subordinates intend to do. In this case, its seems that both
hvpotheses could be applied for Alpine Marmots,

Key—words . Dispersal, Social_Behaviour, Marmota.

Pesiome

Anbnuiickuti cypok Hcugem € CeMennsix 2pyRRax.; napa penpooyKmueHbIx OOMUHUPYIOWUX 3POCABIX U NOOUUHEHHbIC.
Ymobbr docmune cmamyca doMuNaHMA ¥ PAIMHONCAMBCS, NOOYUHEHNBIE DONHCHBI BLICERUMS OOMUNANMOE U3 ZPYRAbL UAN
paccersmocs. Psd eunomes, ofvacusiomux namansnoe paccenenue, yyce Guia npednoxcen. B m.u. coyuaibuoe nogedenue
Moxcem brime eoeneueno xax (haxmop. Anderson (1989) npednowcun 2 2unomeser. domunarmor YAPAGASIOm pacceacHuem
NOOYUHEHHBLX, UMODbI  MAKCUMU3NPOSAML COBCMGEHHOE COOMEBEMCMEUe (2UHOME3A  COOMBEMCMaus peiudenmog),
nROOYUHEHHbIE 6edyin cebs 6 ux COBCMEBEHNBIX UHMEPECax (2UNOme3a coomeemcmeus amuspanmos). Bo @panyyiciux Anenax
owLno 3apezucmpuposano bonee vem 13000 coyuansneix ezaumodeticmaui MENHCOY CYPKAMU, RPUHAONENCALUMI K MOTi Jice
CamMou ceMelHou pynne, 018 MHOZUX ZpVRn, 6 mevenue HaGmodexuil ad libitum. Braumodeiicmeus MeHcoy domMunanmamu u
noduunennsiMu boinu npoanaruzuposans. Modenu paccenenis, KaICencs, He MoALKO 3AGUCAM om ROBEDEHUA DOMUHAHMOG,
HO makxce u om Hamepenul noduunennsix. B oannom cayuae, suoumo, obe cunomesvt Moxcno oo Gor RPUROKRCUMb K
ATeNUHCKOMY CYPKY.

Knwueenvie cnoea: Paccenenue, coyuansnocme, nogedenue, cvpxu.

Résumé

La marmotte alpine vit en groupe familial, formé d'un couple d'animaux dominants et reproducteurs et de subordonnés,
Pour atteindre un statut de dominant et se reproduire, un subordonné doit, soit évincer le dominant de son groupe, soir se
disperser. Plusieurs hypothéses ont été émises pour expliquer la dispersion natale. Parmi elles, le comportement social a été étudié
comme facteur de causalité, et Anderson 1989 a proposé 2 hypothéses: Les dominants contrélent Ia dispersion de leurs
subordonnés, de fagon 3 maximiser leur propre fitness (Resident fitness hypothesis); les subordonnés agissent dans feur propre
intérét (Emigrant fitness hypothesis). Dans les Alpes francaises, plus de 13000 interactions sociales ont éré enregistrées entre
marmottes appaitenant au meéme groupe, dans plusieurs groupes au cours d’observations ad libitum. Les interactions entre
dominants et subordonnés ont été retenus pour les analyses. lf ressort que les patterns de dispersion trouvés semblent dépendre non
seulement du comportement des dominants mais aussi de celui des subordonnés. Dans ce cas, il semblerait que les 2 hypothéses
soient applicables chez la marmotte alpine.

Mots-clés : Dispersion, Social, Comportement, Marmota.
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Introduction
The alpine marmot lives in familial groups, including a pair of dominant reproductive adults and their

subordinates from successive litters. Usually dominants are the only individuals that can reproduce in their
group. To reproduce, and hence to get resident stawus, a subordinate has to evict the dominant of its group or
leave its territory to find and become resident in another place. Because alpine marmots become sexually mature
at two-years-old, an important dispersal rate is expected for this age-class. Nevertheless, many marmots delay
their dispersal up to three or four-years-old.

Several hypotheses have already been proposed to explain natal dispersal. Among them, four main factors
were tested as proximal causes of this event: social behavior (Anderson 1989), testosterone level (Arnold &
Dittami 1997), space use, and body weight (Arnold 1990). Preliminary results of the analysis of one factor,

social behavior, are summed up here.

Methods

Field study was performed in the reserve of la Grande Sassiére, Vanoise National Park, French Alps, at a
mean altitude of 2350m. Observations were made on marmots individually identified by systematic visual
marking (ear tags and fur dye). Family groups observed consisted of the adult pair and at least two subordinates
liable to disperse.

All interactions within the familial group were recorded according to twelve different behaviors that are
grouped into four general classes: aggression, play, avoidance, and amicable relationships. Since 1995,
dispersers belonging to eight family groups were studied and more than 13000 interactions were recorded during

ad libitum observations.

Results and discussion

Because the first objective was to determine behavioral patterns characterizing dispersers, a
correspondance analysis was made, pooling behaviors performed by each animal during all observation periods
(Fig. 1,2). The first axis partitions dominants, characterized by aggressive behaviors, from subordinates, mainly
non-aggressive.

The second axis explains 22.6% of the variance and corresponds to a gradient of social integration. All
non-dispersers are distinguished by play and amicable behaviors. Some dispersers behave like non-dispersers. In
contrast, a second group of dispersers is characterized by a high proportion of avoidance behaviors. Hence, it
seems that two behavioral patterns can be defined for dispersers.

Further to this result, we investigated whether the behavioral profiles of the two kinds of dispersers might
be a consequences of the behavior of the dominants toward them. Chi-square tests were performed (Table 1).
The expected level of conflict or amicable behavior was determined by pooling all amicable or conflict
behaviors received by ail the subordinates of a group and dividing the total by the number of subordinates.

Roughly, several classes can be distinguished, according to the high or low rate of aggressivity of the
dominants. Among dispersers, some of them are significantly in conflict with their dominants, whereas others
are not. Here again, two types of dispersers were found.

Consequently, when the results of correspondance analysis and of Chi-square tests are combined, four
different dispersal patterns appear:

(1) Subordinates that do not clash with dominants and seem to cut off with familiars.

(2) Dispersers that are in conflict with residents and show a strong avoidance behavior. They probably only
try to escape from this excessive aggressivity. Otherwise, this aggressivity may prevent them from
behaving cohesively with the rest of the family. Therefore, this low social integration seems more forced
than self-determined.

(3) Dominants that fight with subordinates more than expected, whereas the latter show the same pattern as
non-dispersers. This shows that the subordinate is likely to stay and that residents try to chase it.

(4) Dispersers that are well integrated in their familial group and nevertheless, leave the natal area.

Thus, many dispersal patterns exist, which not only depend on the behavior of the dominants, but also on
what subordinates intend to do. These patterns result from a compromise between the strategy of the dispersers
and the one of the residents. In this case, it seems that the Resident Fitness Hypothesis and the Emigrant Fitness
Hypothesis (Anderson 1989) could be applied for this species.
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Table 1.

Dominants’ social behaviours tovard subordinates

Subordinate | Social status Conflict Amicable
6 D + =
7 D +
R D +
NE D = =
Di D = =
NB D =
P D = = + : More than expected
Z D - = - :Less than expected
2c ND = = = Not different from expected
E ND = = D : Disperser
F ND = = ND : Non disperser
7C ND = =
0] ND = =
Q ND = =
2i ND = =
Fi ND = =
B ND = =
X ND = =
A ND = =

Otherwise, even if all the aggressed subordinates leave their natal site, aggressivity by residents is not
necessary to induce dispersal. Indeed, some marmots disperse even though they are well accepted and apparently
integrated in their group. The quality of social interactions alone is not sufficient to explain natal dispersal.

Conclusion

A better understanding of natal dispersal will be possible once behavioral strategies of dispersers and
dominants are better defined. Moreover, other information will have to be considered, such as the kinship
between the dominant pair and its subordinates, the date of the dispersers' departure during the active season, the
presence of a new litter in the group, and intrasexual competition.
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FIGURES | PUCYHKHU
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o ND: non disperser
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Fig. 1. Correspondance analysis: Behavioural patterns.

Puc. 1. Awanus coomeemcmeus: [TosedeHveckue 0cobeHHocmu.

D: paccenstoueecs xugomHoe, ND: Hepaccenstoueecs XUusormHoe, R: pezudedm

Fig. 2. Variables map in F1 F2 plane

Puc. 2. paduk nepemeHtblx 8 F1 F2 npoekuuu
AGGR: agpeccusHocmb
AMIC: dpyxentobHoe nosedeHue
AVOID: usbezaHue
PLAY: uzpa
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Translated into Russian by A.A. Nikol'skii
Mepesod Ha pycckull A3blk A.A. Hukonbckoz2o

BeegeHue

AJIBITHHCKII CYPOK XHBET CEMCHHBIMU IPYNIAMH, BKIKOYAs JOMHHAHTHYIO Pa3MHOXKAIOUIYIOCA napy H
NOAYHHEHHBIX W3 MX NOCNEN0BaTeIbHbIX BLIBOJKOB.

OBBLIYHO [JOMHHAHTAMH ABJISIOTCS TOMBLKO Te, KTO MOXET pasMHOKaTbecs B 3TOH rpymie. YToObl
PA3MHOKATLCA M CHEAOBATENHHO, MONYUUTh CTATYC PE3WICHTA, MOXYWHEHHBIH M3TOHAET AOMMHAHTA M3 €ro
IPYNIIbI MK NOKMAAET CBOK TEPPUTOPHIO, 4TOOLI HAiTH APYroe MECTO, B KOTOPOM OH MOXET YTBEPAUTLCH Kak
pesument. Korna CypKH JOCTHIaiOT NOJIOBOM 3penocTH B BO3pAcTe ABYX JIET, BOXKHOH ANs 3TOT0 BO3PAacTHOIO
KJjacca CTAHOBHTCS CKOPOCTB pacceneHus. Tem He MeHee, MHOTHE CYPKH OTKJIa[bIBAlOT CBOE PACCENEHHE J10
Bo3pacTa 3 unu 4 jer.

TIpeIUIOKEHO YiKE HECKOJILKO THMOTE3 Ui 00bACHEHHS HataJibHOrO* paccenenns. Cpend HHMX ObLIM
[pOBEpEHbl YETHIPE FIABHBIX (akTopa: couuansroe noseaenuce (Anderson, 1989), ypoBeHb TectocrepoHa (Ar-
nold, Dittami, 1997), ucrionbiosanue npocrpancTsa n Bec Tena (Arold, 1990). B nannoii pabore noasejetbi
MPEABAPUTENLHBIE HTOrH BIMAHHA OLHONO M3 3THX (aKTOPOB, COLMANBLHOTO NOBEACHHMS.

MeToguka

TNonesas pabora mposoaunack B peseppare la Grande Sassiere Ha TCPPUTOPHH HALWOHAILHOrO Napka
Vanoise Bo @paHuysckux Anbnax Ha Beicote 2350 M. Habmiogesns NpOBOMMIMCH Hall WHABMAYaibHO
MeuCHHBIMM CypKaMi (MCIIONB30BANA YIHbIE METKM H KpacHTeNb 1U1s Mexa). Habnonaemeie cemMeliHbie rpyniibl
COCTOSUIM M3 B3POCIIOi TAph! ¥ 1O KpaiiHel Mepe ABYX MOAYMHEHHBIX, IPeIHA3HAYEHHBIX K PACCENIeHHIO.

Bce B3aUMOJEHCTBHUS BHYTPH CeMEHHOW rpyIINbl PeruCTPHPOBAIUCE 110 12 pasnuuHbIM NOBEJAEHYECKHM
PeaKIMaM, KOTOPbIE NIOAPA3AENSINCh Ha 4 OCHOBHBIE KJaCCa: arpecchs, urpa, usberanue u ApyxemoOdnbie B3au-
MOOTHOILIEHHA.

C 1995 r. GBIM H3YUEHK! pacceliSIoMecs KHBOTHBIC, NPUHA/UIEKABIIME K BOCBMH IpynnaM, a obuiee
4UCHO 3APErMCTPHPOBAHHBIX B3aUMOoAeHCTBHI cocTasuo Gonee 13000.

PesynbTaTbl U o6CcyxaeHue

[lepsas crosiias Tnepel HaMu 3aJada, CcOCTOAjMAa B TOM, 4YTOObl OMPEAENMTL MOBEACHHE,
XapaKTepu3ylollee PacCeNsiOMMXCa KHBOTHBIX, N4 Yero Obll NPOBCACH COOTBETCTBYIOWMH aHaiu3 Tpynn
[10BEJICHYECKNX PEaKIMil KakA0T0 XHBOTHOTO 3a BeCh Nnepuo Habmoaerudi (puc. 1, 2),

TlepBas OCh @eT BO3MOXKHOCTb OTAENHTh IOMHHAHTOB, XapaKTepPU3yeMbIX arpeCCUBHbIM 10BEIEHHEM, OT
NOMYMHEHHbIX, XapaKTepU3yeMblX B OCHOBHOM HEarpeccHBHbIM rosefeHneM. Bropas ock oObachser 22.60%
BAPUAHCHI M COOTBETCTBYET I'DAJMEHTY COUMAIBLHON HHTerpaund. Bce KTO HE pacceiloTes, OTIMHAIOTCA
WIPOBBIM W IpYKeMOOHbIM noBeieHueM. ONIHa 4acTh U3 TeX KUBOTHBIX, KTO paccensioTes, Bena cebs nogobHo
TeM, KTO He paccensercsa. HanpoTus, pyras 4acTh XapakTepH30Balach BLICOKOI J0leil OTCYTCTBHA KOHTAKTOB.

Orclofia, KaxXeTcs, CleayerT, YTO PacCengiolUMcs KUBOTHRIM MOTYT ObITb CBOHCTBEHHbI 1Ba THNA
NoBeJIEHYEeCKHX peaKiHi.

B pa3suTHE THX pe3yibTaTOB Mbl MCCIEI0BAIM, MOTYT JIH JBa THNA NMOBEAEHYECKHX OCOOCHHOCTEl
paccessoUMXCes KUBOTHBIX BAUATH Ha NOCIeyloliee JOMHHAHTHOE N0BEICHHE.

Bbi1 MCIIOJIL30BaH xpuTepuit xu-ksaapat (tadn. 1). IlpubausurensHo MOryT ObITh BbIJENEHbI HECKONIBKO
K12CCOB, B COOTBETCTBMU C BBICOKMM WJIM HHM3KMM YPOBHEM arpecCHBHOCTH JOMWHaHTOB. Cpeam Tex, KTo
paccesifeTcsi, y HEKOTOPbIX OHU JIOCTOBEPHbI B KOH(PIIMKTAX C JOMHHAHTAMH, B TO BPEMS KaK y IPYTHX - HET.

3nech Mbl ONATh OOHAPYXWBAeM ABa THNA PAcCENAIOILMXCA KUBOTHbIX. B pesynwtate, koraa Obin
NPOBE/IEH COOTBETCTBYIOUIHIA aHANM3 M NPOBEPKA HA XU-KBAJIPAT, Mbl MOTYUHIH HETHIPC KIIACCA NOBEACHYECKHX
KOMIJIEKCOB, CBOHCTBEHHBIX PACcCEIAIOLIMMCA JKHBOTHBIM:

- TloguuHeHHbIE, KOTOpble HE KOH(QIMKTYIOT C JIOMHHAHTAMM M Kakercs, W30eraloT KOH(pMKTOB ¢
6JIM3KMMH 3HAKOMBIMH.

* [Mpwmevanve nep. : HaTanbHOe pacceneHne - PacCeneHne XNBOTHBIX U3 y4acTka TeppuTopum, Ha xoropon}“
OHW POANMUCH.
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- PaccensioNHecs XUBOTHBIE, KOTOPbIE KOHQIUKTYIOT C PE3HIEHTAMU M ABHO NEMOHCTPHPYIOT NOBEAEHHE
n3beranus. OHH BEPOATHO TOJBKO MbITAIOTCA W30EraTh H3AHIIHEH arpeCCHBHOCTH. OpHako 3Ta HH3KaA
CONMATLHAS MHTErPALNA BRILIAANT CKOPEE HaBA3AHHOM, YeM 106pOBOJIBHOMH.

- JIOMUHAHTBI, aTaKylOIIMe MOIMMHEHHOro, OGojee OXKMAAaeMbl, HO MOBKE OHH MOKA3BIBAIOT TO Ke
MOBEAEHME, YTO H HEPACCENAOUIHECK KUBOTHBIE. DTO MOATBEPHKAAET, HTO TIOTUHHCHHOE HKHBOTHOE
HaMEpEBAETCH OCTATHCA H UTO PE3UACHT IbITAETCA NPOrHATD €ro.

- Paccensioumecss KHUBOTHbIE, XOPOLIO WHTErpHPOBAHHbIE B CEMEHHBIE PYMIIbI, BCE-TAKH TMOKHAAOT

HATa/IbHYIO TEPPHTOPHIO.

Wtak, CyLIECTBYeT MHOXKeCTBO (DOPM paccejieHns, KOTOpble HE TOJBKO OCHOBAHBI Ha [MOBEACHNH
TOMHHAHTOB, HO TAKXKE M HA HAMEPEHMAX MOAYHHEHHBIX. DTH OCOOCHHOCTH BLITEKAIOT U3 CPABHECHMA MEALY
CTpaTerHsAMH PaccefIOUINXCA KMBOTHBIX M PE3NACHTOB. B 3TOM ClyHae KakeTCd, UTO rUIioTesa COOTBETCTEMA
pesuneHTa u amurpanta (Anderson, 1989) Morita Ob1 OBITE MPHAOKHMA K 3TOMY BHIY.

Tabnuua 1.

CounansHoe nosegeHve JOMUHaHTOB NO OTHOWEHWKD K NOg4YUHEHHBIM

Moa4nHEeHHbLIA cm:;::;‘: b KoHcprukr | Opyxentobue
6 D + -
T D + B
R D + -
NE D = =
D] D = =
NB D = =
P D = = + : Bonee, yem oxunaanoce
Z D - = - MeHee, Yem OXuaanoch
2C ND = = = KaK W oxuaanochk
E ND = = D : paccensowuiaca
£ ND = = ND : He paccensioLuincs
7C ND = =
0] ND = =
Q ND = =
21 ND = =
Fi ND = =
B ND = =
X ND = =
A ND = =

Jlake eCiM BCe arpecCHBHBIC TOJUMHEHHbIE 0COOM MOKMHYT CBOH HATAIbHbIM y4aCTOK, arpeCCHBHOCTh
pe3upeHTa HeoGs3aTeNbHa, YTOOB! BbI3BaTh pacceneHue. [IefCTBUTENbHO, HEKOTOPbIE CYPKH PacCeidloTes, XOTs
OHM XOPOLIO MHTErpUPOBaHbl B rpymre. ToJbKO KauecTsa COUMANBHBIX B3AWMOICHCTBHI HEAOCTATOMHO AUIA
00bACHEHHS HATANEHOTO PACCEIEHHU.

3aknyeHuve
H)NLHEE MNOHUMAaHHEe HaTaJlbHOTO paCCf:JIEHHﬂ BO3IMOKHO Ha OCHOBE IIOHHUMAaHHA HOBE,D.CHHCCKOH

CTpaTeruy pacCeNArOIIHXCA KHBOTHBIX H XApakTepHCTUKH PE3UACHTOB. bonee Toro, HeobxoauMa M Apyras
HH¢0pM8uHH, Takas KakK: pOACTBEHHBIE OTHOLICHWA MeEXAay napoﬁ JOMUHAHTOB U NOJYUHEHHBIX WM JKHUBOTHBIX]
J1aHHBIE O NEPEeMEUICHHN PacCeIAOIIHXCH JKUBOTHLIX BO BpeMA aKTHBHOTO MEPHOJa; NMPUCYTCTBHE HOBOI'O

BHIBOJIKA B FPYIITE; BHYTPHITONIOBAA KOHKYPEHLMA.
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