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Abstract

We used Capture-Recapture models to study survival rates variations of the monogamous Alpine marmot (Marmota
marmota L.} in the valley of la Sassiére (french Alps, 23500 m elevation). Using a seven years dataset (1990 to 1996), we
tested biological hypotheses in order to know which factors are involved in population survival rates variations. We used
specific factors (sex and age) and environmental ones (annual variations). [In agreement with evolutionary model
predictions, we found no sex effect on survival rates variations. On the contrary, the lack of age effect was surprising as age-
structured mortality 1s the rule among mammals. We suggest that either a too small sample size or the effect of social
thermoregulation could explain this result. Annual survival rates variations are important and positively correlated with
winter snowdepth (Likelihood Ratio Test, p = 0.003). Environment is very sharp in the valley of la Sassiére: we suggest that
burrow thermal insulation during hibernation may be a major factor of annual survival.

Key-words: survival, sex, age, environmental variations, Marmota marmota.

Peztome

Mot ucnonezosasu memoo REBMOPHO20 OMAOBA OAS UIVHEHURA UIMEHEHUU GbINCUGQAEMOCINU  MOHO2AMHOZ0
wisnuiickozo cypxa (Marmota marmota L.) @ donune la Sassiere (panyysckue Anonot, 2350 s n.y.m.). Henonesys oannee 3a
7 nem (1990-96), mer nposepusu buosozudeckue Zunomessbt O QAKMOPAxX, GAUAIOWUX HA UIMEHEHUA GLIICUGAEMOCMU
nonyasyuu. Mol ucnoavzoganu npusHaxu euda (non, 8ospacm) u okpyscaiouiet cpedot (excezodnvie uzmenenus). B coanacuu
€ NPeJeKa3aHuAMU IG0MOYUORKON MOOERN, Mbl He HAWIN GIUAHUA NOAA KA eblycusanue. Hanpomues, omcymemeaue enusnus
go3pacma Beito ClOPAPUIOM, NOCKONLKY 3AGUCUMOCML CMEPMHOCMU Om 603pacma - npdswio Oai miaexonumaiowux. Mot
npediazaem, 4MO MAKOU PeIVALIMAM MONCem ODbACHAMBLCA UAU CAUWUKOM MAAbIM PA3MEpOM 8blO0PKU unU GRURHUECM
COYUARbHOU mepMopeyrayul. Excez00nble usMeHenua GuiCUGAEMOCHIIL CYIYecmBeHHbl U NOA0NCUMETbHO KOPPEAUPYIOmM
2AVBUROT CHENCHOZ0 NOKPOEA 3umoll (eepoamuocmubiit mecm LRT, p = (.003). Oxpyxcaowas cpeda ¢ dorune la Sassiere
oueHb CYPOBA: Mbl NpeOiazaeM, WMO MenNoGan UIOAAYUS HOP G MeEueHue cnAwku Mmoxcent Gbimb 21a6H6IM akmopon
EHCE200H020 BLINCUBUHUA,

Kiroueenste cno6a: swixcusanue, nos, 603pacm, usMeHenua OKDYHCAIOUIEN cpeost, Marmota marmota,

Résumé

Nous avons utilisé des modéles de Capture-Recapture pour étudier les variations des taux de survies de fa marmotte alpine
(Marmota marmota, L.), une espéce monogame, dans le vallon de la Sassiére (Alpes frangaises, 2350 m d'altitude). Grice 3 un jeu
de données couvrant 7 anndes (de 1990 4 [996), nous avons testé différentes hypothéses biologigues. Notre but était de
déterminer quels facteurs interviennent dans les variations des taux de survie dans cette population. Nous avons utilisé des facteurs
spécifiques (dge et sexe) et environnementaux (variations annuelles). Conformément aux prédictions des modéles évolutifs, nous ne
trouvons pas de rdle du sexe dans les variations de survie. A ['inverse, l'absence d'effet de I'dge était inattendu, car fa structuration
de la mortalité par I'ige est I3 régle chez les mamimniféres. Nous supposons soit que notre échantillon est trop petit, soit que I3
thermorégulation sociale pourrait expliguer ce résuftat. Les variations annuelles des taux de survie sont important et corrélés
positivement avec l'enneigement hivernal (Likelihood Ratio Test, p = 0.003). L'environnement est trés rude 3 la Sassiére : nous
suggérons gue ['fsolation thermigue des terriers pendant ['hibernation pourrait étre un facteur majeur de la survie annuelle.

Mots clés : survie, sexe, dge, variations environementales, Marmota marmota.
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Introduction

To understand the functioning of a population, it is essential to analyse its dynamic. Population dynamics
analysis is based on three main vital rates according to age classes: survival by sex, breeding success of females,
and proportion of breeding females (Caswell 1989). Until now, a critical step of the analysis was to get reliable
estimates of survival rates. During the a 80s, theoretical development of capture-recapture models has provided a
powerfull and flexible tool to estimate them (Burnham et al. 1987, Clobert et al. 1987, Lebreton et al. 1992).
Beyond estimations, they allow us to investigate the causes of survival variations. Thus, we can try to understand
the role of ecological and evolutionnary processes in population dynamics. Using recent developments of
capture-recapture models, we inves-tigated the role of sex, age, and year in variations of survival rates of the
Alpine Marmot (Marmota marmota L.).

The Alpine marmot is presumably monogamous (Arnold 1990, Perrin et al. 1993, but see Gossens et al.
1997). Sexual selection should be far weaker than in polygynous species such as ungulates or seals (Clinton &
Le Boeuf 1993). As a consequence, no sexual dimorphism exists between adulits and no sex effect on survival
rates is expected.

It has been argued that the first hibernation is a critical stage for the Alpine marmot (Arnold 1988, 1990).
Furthermore, the survival rates of 2- and 3-year olds, which are mostly dispersers, should be lower than the rate
of other adults. Consequently we expected that survival would be age-dependent. Marmots face sharp climatic
conditions that are highly variable from year to year. Thus, we expected that survival rates were year dependent.
Among climatic factors, we focused on the influ-ence of the winter snow cover, a key factor in the mountain
environment. Snow cover provides soil with a thermic insulation (Ozenda 1985), but it is a factor limiting food
resources during spring also (Van Vuren & Armitage 1991).

Methods

Capture-recapture models have been first created during the 60's to answer about population size
questions (Cormack 1964, Jolly 1965, Seber 1965), and later oriented to study survival rates variations (Burnham
et al. 1987, Lebreton et al. 1992). This kind of model relies on the capture history of marked individuals.
Knowing individual history allows to distinguish between capturability and survival rates (see Fig. 1 for an
example). As capturability was considered here as a nuisance parameter, we focused on survival.

To model survival and recapture probabilities, we followed the 4 steps recommanded by Lebreton et al.
(1992) in the “analysis of variance philosophy*. We started from a global model, complex and compatible
with our biological knowledges. Step by step, we selected a more parsimonious model using Akaike's
Information Criteria (AIC) to limit formal tests (Akaike 1973). We tested the most important biological
questions by comparing this model with neighboring ones using Likelihood Ratio Test (LRT). Finally we
obtained maximum likelihood estimates of models parameters with estimates of their confidence intervals.
Analysis were performed with the software SURGE (Lebreton et al. 1992).

Results
Dataset selection

The population of la Sassiére (in Savoie, french Alps) is situated at about 2400 meters high. It has been
studied since 1990. The captures occur each year from april to july. Animals are individually marked with ear-
tags and electronic devices. A seven-year dataset (from 90 to 96) represents 864 captures corresponding to 341
individuals. In this dataset we only selected the groups captured each year, among them we considered only
individuals first captured as young of the year. The sample was thus reduced to 132 marmots (71 males and 61

females).

Modeling
The global model defines survival and capturability as a function of the 3 studied factors (Sex, Age and

Year) and their interactions. We modeled first the capturability parameters comparing 14 models and then
focused on survival rates. During that phase, we compared 50 models, eliminating one term at a time (see Table
| for a summary). The factor “Sex” was eliminated. We investigated variations between juveniles, yearlings, 2-
year old, and more than 3-year old, using several combinations of “Age” classes. But none was significant. The
factor “Year” was the only significant one.
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Table 1.

Summary of the modeling of survival rates of Alpine marmots (Marmota marmota L.)
in la Sassiere from 1990 to 1996 as a function of Age, Sex and Year.

Survival | Capturability | np DEV AlC Note
a*t*s a‘'t's 72 226.8812 370.88 | Global model
a*t*s ca2*s 46 239.7187 331.72 | Capturability reduced
a*t ca2*s 25 253.4112 303.41
a‘s ca2*s 16 266.4132 298.41
t*s ca2*s 16 259.5082 291.51
a ca2’s 10 269.6644 289.66
t ca2’s 10 264.6665 284.67 | Time effect is more important then
age or sex effect
] caz2*s 6 275.3266 287.33
w ¥ sp caz2*s 8 267.0529 283.05 | Snow effect
w ca2’s 6 268.9413 280.94 | Winter snow effect is more important
than spring one
sp ca2*s 6 272.5522 285.55
w(l/m/i) ca2*s 7 266.6404 280.64
w(l+m/i) caz2*s 6 268.4914 280.49
w(l/m+i) ca2’s 6 266.7276 278.73 | Most parsimonious model
Constant ca2’s 5 275.5080 285.51

For each model we give the expression of survival and of capturability as function of factors studied, the number of estimable
parameter (np), the deviance (DEV), the Akaike's Information Criteria (AIC, the lower, the more parsimonious the model is).
Notation of factors: a: Age, t: Year, s: Sex, ca2: 2-Age classes (yearling and 3-year old versus older), w: snow depth during
winter (from 1/12 to 31/3), sp: snow depth during spring (from 1/4 to 30/4), (/m/i): 3 classes of snow cover (little, medium and
important). The models including age classes in survival are not presented here because they were not more parsimonious
than models without age classes.

The effect of snow conditions was investigated using measures of snow depth during 2 periods:
“Hibernation” (from the 1/12 to the 31/03) and “Emergence” (from 1/04 to 30/04). [n each period, we
distinguished 3 classes of snow depth: little, medium or important. Only “Hibernation™ was signicantly
correlated with survival variations, and it could be reduced to only 2 classes: little vs important or medium snow
depth.

The parsimonious model considered capturability as a function of 2 age classes and sex, and survival as
function of 2 classes of snow depth.

Testing biological hypotheses

To confirm these results we tested our hypotheses with LRT tests (Table 2), adding or substracting
factors to the parsimonious model. Under null hypothesis, the simplest model is expected to be sufficient to
describe the data, Neither “Sex” (p=0.570), nor “Age” (p = 0.571), nor “Age” classes (p = 0.702) were
significant factors, The effect of spring snow cover was weak compared to winter one (“Emergence” snow
effect p=0.668). And winter snow effect was highly significant (no “Hibernation” snow effect p = 0.003).

Estimates

The last step was to estimate survival rates. Survival rate was equal to 0.86 (ranging from 0.75 to 0.92)
when he snow cover was mediwmn or important, and equal to 0.66 (ranging from 0.56 to 0.75) when it was thin
(Fig. 2).
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Table 2.

Results of Likelihood Ratio Tests (LRT) used to investigate the role of different factors.

Survival in Survival in Chi square | df p Biological sence of the comparison
model 1 model 2 value
w(lim+i) t 2.0611 4 | 0.7245 | Year to year variations are correlated with the

importance of winter snow cover

w(l/m+i) w(l/m+iy*a 6.679 8 | 0.57186 Age factor has no significant effect
w(l/m+i) w(l/m+i)*ca2 0.7067 2 | 0.7023 2-age classes has no significant effect
w(l/m+i) w(l/m+i)*s 1.1221 2 | 05706 Sex factor has no significant effect
constant w(l/m+i) 8.7803 1 | 0.0030 Winter snow cover has a significant effect

The LRT compares 2 nested models when the simpler model is a particular case of a more complex one. Under null
hypathesis, the simplest model is expected to be sufficient to describe the data. In all the comparisons presented, we used the
more parsimonious model of capturability (capturability = f(ca2*s), see Table 1 for factors notation). The model 1 (the simplest)

is nested in the model 2 (the more complex).

Discussion

The survival rate of Alpine marmots did not vary with sex or age, but vary from year to year, as a
function of snow cover during marmots hibernation. The lack of sex effect is consistent with theoretical
predictions of evolutionnary models, since sexual selection is supposed to be low in this monogamous species.

On the contrary, the lack of age (or age classes) effect is quite surprising. The putative sensitivity of
juveniles to the first hibernation did not point out. Our results support the hypothesis of a social
thermoregulation that would reduce juveniles’ mortality (Arnold 1988). However, we expected an apparent
survival rate decreasing in 2- and 3-year old. Indeed they are mostly disperscrs, and thus considered as dead if
they leave the study site. Using radio-track, Van Vuren and Armitage (1994) found a decrease in the real survival
rate in M. flaviventris. As there is no evidence of a sample bias, we suggest either that dispersal does not affect
survival, or that the sample size is too small.

Obviously, year effect is the main cause of variation of survival rates. Is the snow cover a right
explanation ? The mortality during hibernation is cited as a limiting factor for marmot populations (Barash
1989). During hibernation, burrow temperature should be a major parameter: marmots body temperature falls
down about 4°C, which is the average soil temperature at 1 meter depth. The snow cover acts probably as a very
important insulation which limits variations of soil temperature. This argument does not exclude effects of other
environmental parameters such as precipitation levels during spring and summer, but we did not have yet reliable
data about summer conditions.

The values of annual survival rate are consistent with the life history traits of the Alpine marmot and
are in agreement with results for other species (for M. vancouverensis see Bryant 1996, for M. flaviventris
Van Vuren and Armitage 1994). It will be now possible to model acurately the population dynamic of La
Sassiere according to specific and environmental parameters.
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FIGURES /| PUCYHKMH
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Maximum Likelihood Estimates: p2 and p3, s1 and s2

Fig. 1. Principles of the capture-recapture models presented in a 3-year example. The capture histories of individuals allows
to differentiate capturability from survival probability. Probability of the different capture histories, which follows a
multinomial distribution, is a function of capture and survival rates. Estimates of the parameters and of their
confidence interval are computed using the method Maximum Likelihood. They are asymptotically unbiases,
normally ditributed, and of minimum variance among them (Lebreton et al. 1992)

Puc. 1. [Mpuxyune: mModenu nosmopHbIX OMIoeos HMa npumepe 3-x nem. Vicmopus omiosoe nosgonsem omoenums
YA0BUCMOCME OM BEPOAMHOCMU 8bIKUEZEMOCMY. BepoAmHOCML pasnuyHLIX 0MAoeos, UMewas rnonumodansHoe
pacnipedenexue, AenAemcsa hyHkyueld ebi1osa U HOPMbI ebbkusaemocmu. [lapamemps! u ux CosepumensHbie
uHmMepeans! PaccyumaHs! ¢ UCMoNL308aHUEM Memoda makcumansHol sepoamHuocmu. OHU HE COoOMeemecmeyiom
accuMnmomuveckod kpusoll, HOpMansHo pacnpedeneHsl U Xapakmepusymea MUHUMansHol eapuaHcol mexdy
cobol (Lebreton et al., 1992).
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Fig. 2. Estimates of survival rates of Alpine Marmots (Marmota marmota) according to the model: survival is function of
w(lim+i)) and capture is function of ca2*s (for notation detail, see Table 1). The survival The 95% confidence interval
of the estimates is represented. It is asymetric because of logistic transformation of estimates in modeling.

Puc. 2. Bemucnenus HopMbl @bbkusaemocmu eseponeidckozo cypka (Marmota marmota) 8 coomeemcmeuu ¢ MOOENBIO.
sbiXugaemMocme fenasemcs gyHkyued wl/m+i), a omnos sensemcs ghyHkuueld cal's (demanu cm. e mabn. 1).
BrikusaeMoCme eblMUCIIEHE © dogepumensHeiM uHmepaanom 95%. Accumempus o0BLACHAEMCS N02UCMUYECKUM
npeoobpasosaHuem esqucnaemol modenu.
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Translated into Russian by A.A. Nikol'skii
Mepeeod Ha pycckull a3eik A.A. Hukonsckozo

Bregexue

Yrobul NMOHATHL (PYHKLMOHUPOBAHHE NOIYIALMK, HEOOXOMMO Mpexjie BCEro IpOaHATU3UPOBATHL e
IMHaMUKY., AHAIM3 [OMYNSUMOHHOR ANHAMMKM OCHOBAaH Ha TPEX OCHOBHBIX JKM3HCHHBIX CBOHCTBaX,
COOTBETCTBYIOIMX BO3PACTHRIM KJACCAM: BBIKMBAEMOCTD 11013, PENPOAYKTHBHBIH YCIIEX CaMOK M COOTHOLIEHHE
pasmuoxaroriuxcs camox (Caswell, 1989). [lo ciux nop KpUTHYECKHM MOPOrOM aHain3a Obilo yCTanopieHHe
MCTHHHOM HOpMbI BebxuBaeMocTH. B 80-e rojbl TeopeTHUECKOe pa3BuTHE MOJENEH NOBTOPHBIX OTIOBORB
MpeyCMaTpPUBAIO JLiist TOTO MOULHBIH ¥ NOABIKHBIH paboumil HHCTPYMEHT (Burnham et al., 1987; Clober et al.,
1987: Lebreton et al., 1992). [lomke OblAO NMPU3HAHO, H9TO MPUUMHLI BBIKHBAEMOCTH H3IMEHUMBLL. Takum
0Bpa3oM, YEPE3 AMHAMUKY [OMYJNSUMH Mbl MOXEM TMOMbITATBCH TOHATH YaCTh JKOJNOTHYECKOro W
3BOJIFOUMOHHOTO  npoticccoB.  HMcnonbiys cospemennoe pa3sutie  Mojiclieli  TOBTOPHBIX  OTJOBOB, Mbl
ucclieOBAMM POJIb TM072, BO3pacTa M rojia B M3MEHEHHAX HOPMbl BBIKUBACMOCTH y anbluiickoro cypka
(Marmota marmota 1..).

Esponefickuii cypok MPeAnooKHTENbHO ABNseTC MOHOTaMimbivM BuioM (Arnold, 1990; Perrin et al,
1993: Ho cM. Takxke Gossens et al.,, 1997). [TonoBoii 0T6op B 3TOM cnyuae gomkent GbiTh Gonee cnabbiM, yem y
[10JIHFraMHBIX BUIIOB, TAKMX, HANPUMED, Kak KombiTHbIc 1 TIonenu (Clinton, Le Boeuf, 1993). Kak cneacrsue, 910
COMNPOBOKAAETCH OTCYTCTBHEM T0OOBOTO AMMOP(HU3MA CPE/IH B3POCBIX HKMUBOTHBIX M, KK MOMXHO OKHAATh,
OTCYTCTBHEM BAMSHUS 1100BOTO 3G (deKTa Ha HOPMY BbIKHBaEMOCTH.

[1pejinonaranock, 4To NepBas ClAYKa ABIACTCS KPUTHUECKOH cTaiueil 11a esponeiickoro cypka (Arnold,
1988, 1990). Gonee Toro, HOpMa BBLDKMBAEMOCTU ABYX- M TPEXAETHHUX KMBOTHBLIX, KOTOPbI€ B OCHOBHOM
pacce/ifroTCA, 10IDKHA ObITh WHOM, Yem B3POC/BIX. B pesyibTaTe Mbl MPHXOAMM K BLIBOIY, 4TO BhUKMBAEMOCTH
3ABUCHT OT BO3pacTa.

Cypku CTalKMBAIOTCA C O4€Hb LUIAPOKHM [MANa3oHOM KIHMATHYECKHX YCIIOBHiA, KOTOPbIE CHJIbHO
M3MEH4YMBBI OT rofa K rogy. Takum olpa3om, Mbl NPHXOAMM K BBIBOJY O MHOTOJIETHEH 3aBMCUMOCTH HOPMBI
BhDKMBAEMOCTH. Cpejih KAUMaTHueckux (akTOpPOB Mbl BBIAENSEM 3/1ECh BIMAHNE CHEIKHOI'O TIOKPOBA, KOTOPLIH B
rFOPHBIX YCIOBHAX OKA3bIBAETCA KIHOUeBbLIM (akTOpoM. CHEXHBIH [IOKPOB ABJIAETCH JUIA NOYBH TEPMOU30IsLHEI]
(Ozenda, 1985). HO B TO ke BPEMs OrpaHHYMBACT BECHON JOCTYT K NuiuesbiM pecypeam (VanVuren, Armitage,
1991).

MeToauka

B 60-x rogax Mojeny MOBTOPHBIX OTJIOBOB BMEPBbIE OTBETW/IM HA BONPOCHI, CBI3AHHbIE C pasMepaMy
nonynsiumi (Cormack, 1964; Jolly, 1965; Seber, 1965), a nosxe Gbiny OpUeHTHPOBAHB! Ha H3YUeHNE HIMEHCHHIT
HopMbl BhiKMBaemocTy (Burnham et al., 1987; Lebreton et al.,, 1992). DToT THN MOZENe#H OCHOBAH Ha UCTOPUM
OTJIOBA MEYEHHBIX KHBOTHBIX. SHAHME MHIMBUAYANbHON UCTOPHM IAET BO3MOKHOCTH YCTAHABJIMBATL PA3NHYHA
MEXIY YAOBHCTOCTBIO ¥ HOPMOWH BBDKMBAEMOCTH (CM., Hanpumep, puc. 1). YIOBUCTOCTH BBICTYMAET 30€Ch Kak
napameTp, MEILAIOUIMii OTIPEAENEHUIO BEIKHBAEMOCTH.

JIns yCTaHOBIEHUS COOTBETCTBHS MEXY MOAE/LIO BEDKMBAEMOCTH M BEPOATHOCTHIO NOBTOPHOTO OTIIOBA,
Mbl IPUAEPKUBANNCE 4 CTYIIeHed, pexomMeHa0BanHbIX Lebreton et al. (1992) B "anamise ¢puiocopuy Bapuancel”.
Mb! HaumHany ¢ 060GUIEHHOI MOAENH, OMUPAACh HA KOMTIJIEKC HaUuIMX OGuonoruveckux snanui. 1llar 3a marom
Mbl OTOMpanK Gonee YacTHYIO MOJENb, HCNONIL3YAs MAGOPMALMIO, KOTOPYIO TpelocTasnseT kpurepuii Akaike
(AIC) mns orpanusienus (opmanbnsix Tecton (Akaike, 1973). Mbi nposepuiii OTBETHI Ha Haubonee RaKHbIE
GHOMOrMUECKUE BOMPOCHL, 4TOOLI CPABHUTD 3TY MOLEIL € POACTBEHHOM, HCITONB3YA BepoaTHocTHbI TecT (LRT).
HakoHel, Mbl OJIYUWIA MaKCHMANbHbIE 3HAUCHHS BEPOATHOCTH /L1 MapaMeTPOB MOJIEIN C BBIUUCICHHEM MX
NIOBEPHTENLHBIX HHTEPBANOB. [I1s CTATHCTUYECKOTO alain3a Hello/Ib30BaHa KOMITbIOTEPHAN NporpaMmMa SURGE
(Lebreton et al., 1992).
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PesynbTarthl
Bri6op GaHHbIX

[Tommynaums JIa Caccobe (la Sassiere) (8 Caoife, Mpaniy3ckue Anbnbl) obutaeT Ha BbicoTe 0okos10 2400
meTpos. Pabota nHausata B 1990 r. JKMBOTHBIX OTJABIMBANM KaXKIblH rojt ¢ anpeis no wmois. Cypkos
MHIMBUAYA/bHO METHAM YWIHBIMH METKaMM M DJIEKTPOHHBIMM ycTpoiicTBamu. 3a ceMb Jiet (¢ 90-ro no 96-ir)
npousseneHo 8§64 otnoea, coorBercTByIOMX 341 ocoGu. B 3T cOopbl BOLLIK TONBKO IPYIILL, OT/IaBIHBaEMble
KaIbli roj, 32 UCKTIOUEHHEM MOJIOMBIX, TOHMaHHBIX B nepBblli roa. B pesynbrate Boibopka Oblla cokpaieHa
10 132 cypkos (71 cameu 1 61 camxa).

ModenupogaHue

OOoieHHas MOAEJb OTMHCHIBAET BLDKMBAEMOCTh M YIOBUCTOCTb KaK (YHKIHIO  TpeX W3ydaemsixX
(hakTopoB (Mo, BO3PACT M rofl) U MX B3aMMOIEHCTBHA. MBI CMOAEAHPOBAIM MEPBbLIE MAPAMETPhl YIOBUCTOCTH,
cpaBHuBas 14 MoJeneil ¥ 3aTeM COCPeNOTOYMB BHUMAHKE HA HOpME BbIKMBAeMOCTH. B 9T0ji (hase Mbl cpaBHHIH
50 mouesneii, cooTBETCTBYIOWMX onpencicHHOMY BpeMmeHH (cM. Tabn. 1). Beun orobpan daxrop "mon". Msi
UCCIENOBAIH U3MEHEHMA MEX/1Y MOJIOABIMM, I'OAOBHKAMH, ABYX/IETKAMH W CYpPKaMH crapiue 3-X NeT, HCMonbp3ys
HeckoNbKo KoMOuHaumil knacca "Bospact”. Ho HH B 0HOM ciydae He ObLIO MOJy4EHO AOCTOBEPHBIX Pa3nnuHii.

HoctoBepHbiM OKazajics ToabKo (hakrop "ron".

Tabnuua 1.

O60bLLeHHas Mogent HOPMbI BbKMBAEMOCTH eBponeickoro cypka (Marmota marmota L.)
B Jla Caccee (La Sassiére) ¢ 1990 no 1996 rr. kak (byHKuua Bo3pacTa, nona u roga.

Buixusa- |y, e McTOCTS np DEV AlC Mpumeyanus
€MOCThb
a*t*s a*t*s 72 | 226.8812 370.88 | OboblueHHaa monens
a*t*s ca2*s 46 | 239.7187 331.72 | OrpaHudenHas ynoeucTocTs
a*t ca2*s 25 253.4112 303.41
a*s caz2*s 16 | 266.4132 298.41
g ca2’*s 16 | 259.5082 291.51
a ca2*s 10 | 269.6644 289.66
t ca2*s 10 264.6665 284.67 | Bpemenuon addexT Bonee saxeH,
4em addekT Bo3pacTa 1unu nona
S ca2*s 6 275.3266 287.33
w " sp ca2*s 8 267.0529 283.05 | Bnuauue cHexHoro nokposa
w caz2*s 6 268.9413 | 280.94 | 3umON CHEXHbIW NOKPOB OKA3LIBACT
BonbLWee BANAHUE, YeM BECHON
sp ca2*s 6 272.5522 285.55
wi(l/m/i) ca2*s i 266.6404 280.64
w(l+m/i) ca2*s 6 268.4914 280.49
w(l/m+i) ca2*s 6 266.7276 | 278.73 | Haubonee To4Has mogenb
MocToaHHas caz2*s 5 275.5080 285.51

Ons kawgof mMoaeny Mbl A3eM BbIPaXEHWE BbDKWBAEMOCTU W YNOBWUCTOCTU Kak YHKUMW WU3YYeHHbIX (PAKTOPOB, 4ucno
BbIYMCNAEMOro napameTtpa (np), oTknodexue (DEV), kputepwid Akamka (Akaike's Information Criteria, AIC, Bonee Huakoe
3HaYEeHWe KPUTEPWs COOTBeTCTBYET Gonbluen TouHOCTM Mogenu). YcnosHsie obo3Hauenun dakTopos: a: Boapacr, t log, s:
Mon, ca2: 2-B0o3pacTHble KNacchl (rOAOBUKM M TPEXNETKU No oTHOoWeHuo K Bonee craplwmm), w. rnybuHa cHexHoro nokposa
aumoit (¢ 1 aekabpa no 31 mapra), sp: rnybuna chemHoro noxkposa secHoi (¢ 1 anpens no 30 anpens), (/m/i). 3 xnacca
CHEXXHOrO NMOKpoBa (Manbii, CPEeAHUA W 3Ha4YMTENbHbLIA). Mogenwu, BKNIOYAKLWKME BO3PACTHLIE KNACChl B BBIKMBAEMOC-TH He
npeacTasneHtl 34ecs, Tak Kak OHW He Bonee TOYHbI, YeM Moaenn 6e3 BO3PacTHbIX KMaccoB.
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BawusHuue cOCTOSHHA CHEXKHOro MOKpOBa HCCNENOBAHO C HCMONBL30OBAHHEM I"J'Iyﬁ‘HHbi cHera 3a 2 nepuona;
"crnaukn" (¢ 1 mexabps mo 31 map-ta) M "Bhixo#a Ha nospexHocTh" (¢ 1 anpens no 30 ampens). B xaxaom
nepHoE MbI BEIEJAIH 3 Kiacca riyOuHBI CHera: Manas, Cpenuss M 3HauMTensHasn. Toabko nepuorn "crsuka
JIOCTOBEPHO KOPPEIHPOBAI C W3MEHEHWAMM BLDKHBAEMOCTH, Y4TO MOXHO ObLIO IPUBECTH BCEI'O K ABYM KNACCaM:
Manas rryOHHa 1o OTHOLIEHHMIO K 3HAYHTENLHOH WK cpe/inas riryduna cHera.

YacThas MOjeNb, OOBLACHSET YIOBHCTOCTh Kak (YHKUMIO JBYX BO3DacTHbIX KJIAacCOB M [1071a, a
BBIZKHBACMOCTh - KaK (i)yHKIIH}O ABYX KIacCOB CHEXHOIO NOKpoBa.

[lposepka 6uono2uvecKux 2unomes

Y1o6bl COrNMAacOBaTh ITH PE3YJIBTAThI, Mbl NPoBepHIM Haluu runotesbl ¢ LRT rectamu (tabin. 2), nobasnas
WITH UcKIrouas (paxropsl B yacTHOH Moaeny. Ilpu Hynepoii rumorese camas npoctas oxunjaaemas MOJeNb T0JDKHA
ObITL focTaTouHOM, 4T0OB Onmcath ganHeie. Hu "non" (p = 0.570), vm "Bospact” (p = 0.571), Hu knaccel
"pospacta” (p = 0.702) He ObumH HOcTOBEpHBIMU (aKTOpaMH. BnMAHHE BECEHHEro CHEXHOTO NOKpoBa Obuio
HE3HAYMTENbHBIM M0 CPABHEHMIO € 3UMHHM CHEKHBIM NOKPOBOM (3()eKT CHEXHOT'O MOKPOBa B NMEPHOJL "BEIXOI
Ha nosepxHocTs", p = 0.668). A 3uMHMil cHexHBIH 3(G@PEKT Obi1 JOCTOBEPHO CaMbiM BbICOKMM (3(dekT
CHEXHOT'0 NOKpoBa B nepuo "cnsuxa”, p = 0.003).

Tabnuua 2.
PesynbTarh! TecTa Ha BepoaTHocTh (Likelihood Ratio Tests, LRT),
UCNONb3yeMOoro Ans U3y4eHus ponu pasnuyHbix akTopos.
Boikusae- Bbixkueae-
MOCTb B MOCTb B Xu-ksan df o] Buonoruveckoe sHaveHUe cpaBHEeHUN
mopenu 1 mogenu 2 pat
w{l/m+i) t 2.0611 4 | 0.7245 | lop OT rofa M3MEHEHUR KOppenuposanu co
3HAYMTENbHBIM CHEXHbIM MOKPOBOM
w(l/m-+i) w(l/m+i)*a 6.679 8 | 0.5716 | dakrop BO3pacTa HE MMEN AOCTOBEPHOro
BNUAHWA
w(l/m+i) w(l/m+i)*ca 0.7067 2 | 0.7023 | OeyxBO3pacTHbIE KNacGhl HE UMenu
2 AOCTOBEPHOrO BAUAHWA
w(l/m+i) w(l/m+i)*s 1.1221 2 | 0.5706 | ®akTop NoNa He UMEN AOCTOBEPHOrO BNWUSIHUS
MNocToaHHas wi(l/m+i) 8.7803 1 0.0030 | 3umMHwit CHEXHBIA NOKPOB MMEN NOCTOBEPHOE
BAUAHME

LRT cpasHuBaeT aABe OAHOPOAHBIE MoAenK, koraa Ganee NpocTas MOAENL ABMAETCA 4aCTHLIM cnydaem Bonee cnoxwon. Mpu
HYfIEBOI TMNOTe3e camas NPoCTan MoAenb A0MKHa GbiTh AOCTATOMHOMW, YTOGLI ONUCaTe AaHHble. Bo BCex NpeaciaBneHHbIX
34eCb CPaBHEHMAX Mbl MCNONb3yeMm Bonee TOMHYIO MOAent YNOBWCTOCTW (ynoBucTocTe = f(ca2's), cm. Tabn.1, rae ykasambi
oBoanavenus dakTopos). Moaens 1 (camas npocTas) oAHOPOAHA C Moaenbio 2 (Hanbonee CnoxHoi).

OyeHku
HOCJ]QI_[Heﬁ CT}’I’ICHM{) aHaiIM3a GhlJID OLEHHBAHHUC HOPME] BEIAKHBAEMOCTH. I-iopma BLIDKHBAEMOCTH ﬁblﬂa

pasua 0.86 (mensnace ot 0.75 jo 0.92), korma CHeXHbIH MOKPOB GBI CPEMHUM M 3HAYMTEIbHbIM, H 0.66
(mensanace ot 0.56 no 0.75), koria oH GbUI TOHKHM (pHC. 2).

O6cyxaeHue

HGpM& BBIKHBAEMOCTH eaponcﬁcxux CYPKOB HC MEHAETCA C NMOJOM WIH BO3pacTOM, HO MCHAETCA OT rojd
K roJ1y, KaK (hyHKIMA CHEXHOTO NOKPOBa BO BPeMs CIIYKH CypkoB. OTCYTCTBUE N010BOT0 3 hekTa cornacyercs
C TEOpPETHHECKMMH [IPEICKA3aHHAMHA IBONMHOUHOHHBIX MOﬂEHCﬁ, TAK Kak MonoBoH 01‘60[} MpeanoloAUTENBHO
JI0/oKEH OBITH HH3KUM Y MOHOI'daMHBIX BHOOB.
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C ppyro#l cTOpoHbI, OTCYTCTBHE Bo3pacTHOro 3gdexra (mmm 3¢ dexra BO3PacTHLIX K/IACCOB) OKa3aloCh
Heoxu/aHHeiM. [Ipennonaraemasi 4yBCTBUTENLHOCTL MOJIOJBIX K NEPBOH COAYKE HE noATBepAMnach. Haum
pe3ynbTaThl NOATBEPXKIAIOT THIIOTE3Y O CONMATBHONH TEPMOPEryiAlMM, KOTOpas COKPALAET HBEHHIbHYK
cMeptHocts (Arnold, 1988). Oanako, Mbl HAACAIHCL HA QUEBMAHOE CHIDKCHHE HOPMbI BbIKMBAEMOCTH Cpeiu
CYPKOB B Bo3pacTe 2-X # 3-x sieT. JlefcTBITeNb10, B DONLIUMHCTBE CBOEM OHM BXOAAT B IPYMITY paccenareics
YACTH TIOMYJSLMHK, 110ITOMY ECTECTBEHHO ObIJIO MPeANnoNoKHUTL WX ITOBLIIIEHHYI0 CMEPTHOCTL Ha H3yYaeMod
reppurtopus. Ucnonesys papuorponnenue, Van Vuren u Armitage (1994) oBHapyKHAM MOHWKEHHYIO HOPMY
BbDKHBaeMOCTH Y Marmota flaviventris. He mnenbiThiBas npeaybexpaeHus, Mbl TNOATBEPAHIH, 4TO JHOO
paccejieHMe He BIMACT Ha BLLKMBAEMOCTb, 100 0ObeM HabN0AeHHHT HEAOCTATOYEH.

QueBuaHO, YTO roA0BOH 3(ekT ABNAETCSH TNIABHOH MNPHYHHONR U3MEHEHWIT HOPMBI BBUKHBAEMOCTH.
JleHcTBHTENLHO JIH CHEXHbIM MOKPOB OKa3bi-Ba€T peluatollee BiusHue 7 CMEPTHOCTh BO BpeMA CMAYKH
paccMaTpHBaaCh Kak OrpaHMuMBaKOwWMil daktop B nonyjusiuuu cypkoe (Barash, 1989). Bo Bpema cnsuku
TeMrepaTypa B HOpe A0/bKHA ObITh IMIABHBIM MAapamMeTpoOM: TEMIleparypa Tefla CYPKOB MOHHIKACTCH BO Bpems
cnauku a0 4 rpan no Leascuio, uTo coorseTcTBYET cpeiiel TeMnepartype nousbl Ha piybuue | M. CHe)Hbli
MOKPOB NEHCTBYET, BEPOATHO, KaK OYeHb MOLUHBIH H307MpYIOUMI CIOH, KOTOPbI OTPaHUYMBAECT H3MEHEHUS
TeMilepaTyphl AOYBbL. 3TOT apryMEHT HE BK/IIOYAET BAMAHHA APYIHX MapaMeTpoB OKpPYKalOWeH Cpelbl, Takux
Kax ypoBeHb OCAJIKOB BECHOIT i JIETOM, HO ¥ HAC HET IOCTATOYHBIX AAHHBIX O JIETHUX YCIOBHAX.

["onoBasi HOpMa CMEPTHOCTH B AHM3HEHHOM [IMKJIE EBPOMENHCKOr0 CypKa COrNIacyercs ¢ TakoBOi y upyrux
suaos (ans Marmota vancouverensis cm. Bryant, 1996; Marmota flaviventris - Van Vuren, Armitage, 1994).
Mozens nonynauMoHHON AUHaMUKK B la Sassiere Xopoino COOTBETCTBYET crielnduke (BUaa) u napamerpam

OKPYKalOIUEH CPe/bl,
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