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Abstract
Physical and behavioral ontogeny was investigated using Ferron's standardized method (1981) on thirteen young

alpine marmots born in captivity. Mass was recorded daily and the age of appearance of 30 distinct behaviors and four
skeletal measurements were also recorded. Body condition of juveniles was estimated using the residuals of a multiple
regression of the logarithm of the mass on four skeletal measurements. We also investigated sexual dimorphism at birth.

There were three stages in the development of young alpine marmols organized around the first emergence above
ground. Before emergence they grew regularly at a slow rate, around weaning young stopped growing during a short period.
This plateau was a iransition phase from milk to solid food. Then, when juveniles no longer nursed, their growth rate became
much higher than before emergence. There is a small but significant sexual dimorphism in body mass at birth. Young males
were heavier than young females and males tended 1o have a higher head breadth than females. Moreover, growth patlerns
differed significantly: logistic growth pattern for males and Gompertz growth pattern for females.

The co-analysis of the condition of juvenile alpine marmots between birth and emergence and their development
showed that condition strongly modulates the behavioral and physical ontogeny of alpine marmots. More investigations are
needed to confirm these differences between males and females and to understand their implications.
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Pesiome

Dusuveckiuii U ROGEOCHYECKUTI OHMOZEHE3 UVUANCA ¢ ROMOWbIO CIMANOAPMUIOBANHO20 memoda (Ferron. 1981) na
mpuHaoyamu  Mono0bIX @ILNUICKUX CYPKAX, POOUGUXCA G Hesore. Escednesno  gpukcuposanacs maccd, maxice
pezucmpuposanuce pema noseienus 30 onpedereHnblx yepm NOGEJEH IR U HeMbIPE CKEAEMHEIY NpOoMepd. Cocmosinue mena
CYpUam OYeHUEAN0Ch ¢ HCHOALIOBAHIEM MHONCECMEEHHOI Pezpeccuu 102apu@dma Maccol U Yemsipex npoMepos. Mur maxxce
U3VHAAN HOA0BOL OUMOPPUIM NOCHE PONCOCHUA.

Omnenenst 3 cmaduu paseumus cypyam, "opeanu3osaunslX” GOKpYz Nepeo2o NOAGAEHUA NG NOGEPXHOCM. Ha
@nix00a OHU POCI PAGHOMEPHO, HO MEOAEHHO, 6 nepuod "omuywenus om 2pyou’ pocm na Kopomkoe 6pema RPeKpaalca.
3ames cKOpoCHb POCMA CMAHOBUNACH SHAYUMENLHO Ghlde, ¥em Jo goix00a. Mmeemces neBoruiuoll, HO IHAYUMBII RONOGOR
dumopehpuzm maccot mea nocie poxcoenus. Monodvie camybl MANCERCE CAMOK, Y HUX nabmodaemes mexdenyus k boavuiel
wupune 20106b. boree mo2o, 3aMEMHO PAIUNAIOMCA MOOERU poCma: N02UCMUYeckas Onid Camyos i MoJens Fomnepmya
AiAf CAMOK,

Anaiuz cocmoaHus u pazeumun cypuyam om ,U().'NC(}E'HH'X o EBIX00a NOKAZWI, YMO 3M0 COCMOAHNWE CUALHO sauRem ia
uzuveckuil u nosedenvecxkuti onmozenes. Hyxcnwor Oanoneiuiue uccaedosantn, umobst nOMMGEepAUMs PAIAUIUL MEWCAY
CAMYAMU U CAMKAMU U HOHAMB UX IHAYEHUE.

THOYEEBIC CAOBA: arbnULCKIIL CYPOK, POCI ROCAE PONCOCHUS, NOGEORHYCCKUU ONMO2EHES, COCIIOAHUE meaa

Résumé

Le développement physique et comportemental de 13 jeunes marmottes nées en captivité a été étudié selon le protocole
standard proposé par Ferron (1981). Les animaux sont pesés quotidiennement. Le jour de premiére apparition de 30
comportements différents et quatre mesures du squelette ont été ausst enregistrés. La condition corporelle des nouveau-nés est
estimée 3 partir des résidus d'une régression multiple du logarithme de 7 masse sur les quatre mesures du squelette. L'existence d'un
dimorphisme sexuel néonatal a été recherchée.
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Le développement des jeunes marmottes comprend trois stades organisés autour de 13 premiére émergence 3 ['extérieur.
Avant I'émergence, Ia croissance est réguliére et lente, elle stoppe briévement aux environs du se vrage. Ce plateau correspond 3 la
transition alimentation lactée/solide. Aprés le sevrage, /a croissance est beaucoup plus forte. Un dimorphisme sexuel de masse
corporelle, faible mais significatif, existe i [a paissance : les males nouveau-nés sont plus lourds que les femelles et feur téte est plus
large. De plus, les courbes de croissance sont significativement différents, de type logistique pour les mdles, Gompertz pour les
fermelles.

L'analyse conjointe de la condition corporelle entre naissance et émergence et du dé veloppement montre gue la condition
influence fortement l'ontogenése physique et comportementale de fa marmotte alpine. Des recherches complémentaires sont
nécessaires afin de confirmer ces différences entre mdles et femelles et de comprendre leurs implications.

Mots-clés : Marmoue alpine, croissance physique post-natale, ontogenése comportementale, condition corporelle

Introduction

Early development that leads organisms from birth to sexual maturity is a crucial process for their
survival as it establishes all abilities of a new individual and the duration of the pre-weaning periods during
which pups are especially vulnerable to environmental pressures (Robbins & Robbins 1979, Price & White
1985). Early development affects the quantity and the quality of the lineage of these organisms (Trivers &
Willard 1973, Trivers 1985), and thus, it represents an important component of vertebrate repro-ductive strategy
(see Stearns 1976, Stearns 1992 for a review). It is usually considered that development expresses the adaptation
of organisms to their environment (Case 1978, Robbins & Robbins 1979, Robbins 1983). Particularly,
accelerated ontogeny would be a distinct advantage for hibernating ground squirrels that have to grow faster and
store enough fat in a limited time in order to survive hibernation (Clark 1970).

There is a body of theoretical work devoted to growth and development among sciurid rodents (e.g.,
Hirshfeld & Bradley 1977, Levenson 1979, Koeppl & Hoffmann 1981, Ferron & Ouellet 1985, Viljoen & Du
Toit 1985). However, if body development and mass gain are well studied, studies devoted to behavioral
ontogeny are still scarce (Ferron 1984), and mainly anecdotal and descriptive (e.g., Shaw 1925, Gander 1930,
Blair 1942, Clark & Skryja 1969).

We describe here the early growth and behavioral development of the alpine marmot (Marmota marmota)
during the pre-weaning period, and we test the effect of body condition of the pups on their early development.

Methods and materials

In early may of 1996, five pregnant females were caught in the valley of "La haute Maurienne" at 2340m
in the French Alps (45°29'N, 6°59'E), and housed in two-part cages. The first part with the nest with hay was
maintained in complete darkness. The second part contained food and water ad /ibitum and received the same
photoperiod as found in the field at the same ¥ime. To collect behavioral data, we used the method proposed by
Ferron (1981). Mass was recorded daily on young marmots born in captivity. The successive appearance of 30
behaviors belonging to six behavioral types and four skeletal measurements were also recorded.

To model mass gain between birth and emergence, we fitted the general Chapman-Richards model
(Richards 1959) modified according to Gaillard, et al. (1997), to the growth curves according to this equation:

k 1
W= where N = --eceeeeee
ea(te-t) N (m-1)
(I+(m-1) )

where "W," is the body mass at age t, "K" is the asymptotic body mass (body mass of juveniles at emergence),
"m" is a form parameter that locates the inflexion point on the weight axis (vertical axis), "a" is the relative
growth rate and "t¢" is the age at which the inflexion point occurs.
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This model allows a flexibility in form, ranging from a monotonic convex increase to a monotonic
concave increase. Between these extreme cases, any sigmoid curve can be found. Such variability in growth
form is encoded by the form parameter, "m". Thus m=0 when growth follows the monomolecular model (no
inflexion point), approaches one when growth follows the Gompertz model (inflexion point at about 36.8%), and
equals two when growth follows the logistic model (inflexion point at 50% of the asymptotic body mass).

We estimated body condition of juveniles by means of a multiple regression of the logarithm of mass on
four skeletal measurements. We used the residuals of the regression as an index of juvenile condition.

Six behavioral types were taken into account (Physical Maturation, Locomotion, Comfort, Alert and
Exploration, Feeding, and Sociality), and each behavioral type contains five behaviors. To analyse the variability
of the age at which each behavior appears, we performed a Principal Component Analysis on each behavioral
type.

—

Results
Twenty-four young were born but 11 died following cannibalism and low level of parental care. The

thirteen surviving young belonged to three litters (A, B and C). We identified pups by the letter of their litter and
by a number. At birth, juvenile alpine marmots presented all characteristics of young of altricial species: they
were born hairless, with ears closed and all fingers joined together. When they were two-days-old, young alpine
marmots weighed on average 33g and their total length was close to 10cm. We tested four measurements for
sexual dimorphism at birth. Young males were heavier than young females and males tended to have higher head

breadth than females (Table 1).

Table 1.
Dimorphism at birth
Maies Females d.f. F P
Mass 34.61+0.87 30.75+1.26 5;15 6.471 0.022 Wk
Fore legs length 19.09+1.28 19.57+2.87 3,12 0.000 0.996 NS
Hind legs lenth 18.38+0.82 18.47+2.62 3;12 0.043 0.841 NS
Head breadth 22.21+0.51 21.08+1.15 3;12 3.548 0.092 (*)

Growth pattern

We isolated three stages in the development of young alpine marmots, organized around their first
emergence above ground (Fig. 1). Before emergence they grew regularly at about 8g/day up to emergence. At
this time, young ceased growing during a short period. This plateau was a transition phase from milk to solid
food. When juveniles became independent of their mother, their growth rate became much higher than before
emergence (around 35g/day). It appeared that all fitted models were sigmoidal. We distinguished four growth
curve patterns (Fig. 2) that exactly matched the three litters except for litter A, which was split in two groups (A1
& A2 vs A3 & A4). Moreover, emergence mass and emergence day were negatively correlated.

Thereafter, we investigated differences between male and female growth patterns. Males and females had
a significantly different "m" value (Mann-Witney U-test; U=3; P=0.01). Males had a "m" value always
compatible with a logistic growth pattern (mean 2.19), while females always had a "m" value compatible with a
Gompertz growth pattern (mean 0.93). In contrast, males and females had identical "t0" values (U=11; p=0.14).
It means that male and female growth rates began to decrease at the same age, but at this age, males had reached
50% of their mass at emergence, while females had reached only 37% of their emergence mass.

To explain such differences between growth curves, we investigated whether the differences could be
related to differences in body condition. We used the same four groups of juveniles as those encountered during
growth modelling (A3 & A4; Al & A2; litter B and litter C). Each group presented a different level of body
condition from the scraggiest (A3 and A4) with strongly negative residuals, to the fattest with strongly positive
residuals (litter C) (Fig. 3).

Behavioral development
The age at which each of the 30 behaviors appeared is presented in Table 2. The six PCAs showed the same

pattern where all the five variables were correlated in the same way with the first axis (Fig. 4). Consequently, the
first axis in the six PCAs represented a precocity index. The general pattern then opposed pups of litter A to
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other juveniles that were more precocious. In all the six analyses but one, litter A was split into two groups: A3
and A4 less precocious than Al and A2. For all the six categories, the ordination of young along the first axis
from the least precocious to the more precocious was A4 and A3, A2 and Al, litters B and C. All these groups
were encountered in the first part of this study. These groups describe condition differences between individuals.
Thus, the body condition of juveniles appears to be the principal source of variability in the behavioral and
developmental ontogeny. The thinner they are, the later behaviors emerge.

Table 2.

Age of appearance of the 30 variables tested related to physical and behavioral ontogeny

Behaviors Mean age
(days)
Physical maturation
Delay between eyelids separation up to fully open eyes 3.846
Fore-foot toes fully separated 5.38
Lower incisors cut 23.15
Hearing 30.31
Upper incisors cut 36.23
Locomotion
Forward linear crawling 4.85
Close fore paw 7.46
Irregular walking 19.23
Immediate reorientation on their stomach 21.92
Emergence 43.69
Comfort
Yawning 11.08
Rhythmic motion of foot 13.73
Scratching with effective contact 23.69
Body shaking 36.90
Latrines 50.45
Alert and Exploration
Hold up one's head at stop 20.23
Olfactory exploration 2347
Hold up one's head walking 30.77
Alert posture on all four 37.44
Upright alert posture 52.22
Feeding
Disappearance of rooting 3 11.69
Disappearance of teat seeking B 35.77
Licking 36.00
Nibbling 38.00
Feeding posture : sitting 47.18
Sociality
“Play 39.23
*Plain whistle 40.13
*Biting sibling 41.31
“Take back hay in the nest 50.17
*Tail piloerection 52.89
Conclusion

The alpine marmot is a monogamous mammal. We expect then that sexual selection must be weak and that
there is no or low sexual dimorphism (Kleiman 1977, Mock & Fujioka 1990). Our results show that there is a
small but significant sexual dimorphism in body mass at birth. Young males are heavier than young females.
Such a sexual dimorphism does not exist in Marmota monax (Ferron & Ouellet 1991) although adult males were
slightly heavier than adult females (Snyder et al. 1961, Nuckle 1982). This dimorphism of young alpine marmots
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is still present at weaning (Allaine, et al. 1998). The existence of this sexual dimorphism as early as birth and its
persistence after weaning leads us to suspect that young males would be more costly to rear than young females
(Clutton-Brock 1991). However, this sexual dimorphism remains quite low (1.15:1).

The condition of juvenile alpine marmots between birth and emergence strongly modulates their behavioral
and physical ontogeny. Food restriction as well as environmental manipulation during the early postnatal period
of life is well known to induce pervasive and frequently very persistent perturbations of development (Sykes &
Cheyne 1976, Hall et al. 1979). Undernourishment acts upon many kinds of behavior such as locomotion
(Gramsbergen & Westerga 1992), alert and exploration (Hall et al. 1979), sociality (Frankova 1973). These
different condition levels probably explains why we found important differences among young alpine marmots
when they emerge in the field.

The growth pattern of the alpine marmot between birth and emergence was sigmoidal. There was a sexual
dimorphism at birth. Males were heavier than femalgs and we suggest that their growth pattern between birth and
emergence may differ. Males grow faster during the early part of their growth. More investigations are needed to
confirm this difference in growth pattern between males and females and to understand its implications

Acknowlegement

This work was supported by the French CNRS and the Region Rhone-Alpes (XI plan Etat-RJgion). We
thank the Office National de la Chasse (O.N.C.) for their help to catch pregnant females, and the Vanoise
National Park for allowing us to live in their chalet and for the help of their rangers.

REFERENCES / JIMTEPATYPA

Allainé D., L. Graziani & ]. Coulon. 1998. Postweaning mass gain in juvenile alpine marmots (Marmota
marmota). Oecologia 113: 370-376.

Blair W.F. 1942. Rate of development of young spotted ground squirrels. J. Mamm. 23: 342-343.

Case T.]. 1978. On the evolution and adaptive significance of postnatal growth rates in the terrestrial
vertebrates. 0. Rev. Biol. 53: 243-282.

Clark T.W. 1970. Early growth, development and behavior of the Richardson's ground squirrel (Spermophilus
richardsonii elegans). Am. Midl. Nat. 83: 197-205.

Clark T.W. & D.D. Skryja. 1969. Postnatal development and growth of the golden-mantled ground squirrel,
Spermophilus lateralis lateralis. J. Mamm. 50: 627-629.

Clutton-Brock T.H. 1991. The costs of breeding, pp. 31-47 In The Evolution of Parental Care. Princeton
University Press: Princeton.

Ferron ]. 1984. Behavioral ontogeny analysis of sciurid rodents, with emphasis on the social behavior of ground
squirrels, pp. 24-42 In J.O. Murie & G.R. Michener, eds. The Biology of Ground-Dwelling Squirrels.
University of Nebraska Press: Lincoln.

Ferron ]. & ].-P. Ouellet. 1985. Developpement physique postnatal chez le grand polatouche (Glaucomys
sabrinus). Can. J. Zool 63: 2548-2552.

Ferron ). & ].-P. Ouellet. 1991. Physical and behavioral postnatal development of woodchucks (Marmota
monax). Can. J. Zool. 69: 1040-1047.

Frankova S. 1973. Effects of protein-calorie malnutrition on the development of social behavior in rats. Dev.
Psychobiol. 6: 33-43.

Gaillard ).-M., D. Pontier, D. Allainé, A. Loison, H. Hervj & A. Heizmann. 1997. Variation in growth form and
precocity at birth in eutherian mammals. Proc. R. Soc. Lond. B. 264: 859-868.

Gander F.F. 1930. Development of captive squirrels. J. Mamm. 11: 315-317.

Gramsbergen A. & ]. Westerga. 1992. Locomotor development in undernourished rats. Behav. Brain Res. 48:
57-64.

Hali R.D., ].P. Leahy & W.M. Robertson. 1979. The effects of protein malnutrition on the behavior of rats during
the suckling period. Dev. Psychobiol. 12: 455-466.

Hirshfeld J.R. & W.G. Bradley. 1977. Growth and development of two species of chipmunks: Eutamias
panamintinus and E. palmeri. J. Mamm. 58: 44-52.

Kleiman, D.G. 1977. Monogamy in mammals. Quart. Rev. Biol. 52:39-69.

182 PE —




HOLARCTIC MARMOTS AS A FACTOR OF BIODIVERSITY
L. Graziani et al. EARLY DEVELOPMENT ...

Koeppl ].W. & R.S. Hoffmann. 1981. Comparative postnatal growth of four ground squirrel species. J. Mamm.
62:41-57.

Levenson H. 1979. Sciurid growth rates: some corrections and additions. J Mamm. 60: 232-235.

Mock, D..W. & M. Fujioka. 1990. Monogamy and long-term pair bonding in vertebrates. TREE 5:39-43.

Nuckle, ].R. 1982. Etu de bioJcologique de la marmotte commune (Marmota monax) dans un agrosystPme.
These Ph.D., Univ. Sherbrooke, QuPbec. 121 pp.

Price M.A. & R.G. White. 1985. Growth and development. Bio-energetics of wild herbivores. R.J. Hudson &
R.G. White. Inc Boca Raton, Florida, CRC Press.

Richards F.]. 1959. A flexible growth function for empirical use. J. Exp. Bot. 10: 290-300.

Robbins C.T. 1983. Wildlife Feeding and Nutrition. London, Academic Press, New-York.

Robbins C.T. & B.L. Robbins. 1979. Foetal and neonatal growth patterns and maternal reproductive effort in
ungulates and subungulates. 4m. Nat. 114: 101-116.

Shaw W. 1925. Breeding and development of the Columbian ground squirrel. ./ Mamm. 6: 106-113.

Snyder, R.L., D.E. Davis & ].]. Christian. 1961. Seasonal changes in the weights of woodchucks. J. Mamm. 66:
297-312.

Stearns S.C. 1976. Life-History tactics: a review of the ideas. Q. Rev. Biol. 51: 3-47.

Stearns S.C. 1992. The Evolution of Life Histories. Oxford, Oxford University Press.

Sykes S.E. & ].A. Cheyne. 1976. The effects of prenatal and postnatal protein malnutrition on physical and
motor development of the rat. Dev. Psychobiol. 9: 285-295.

Trivers R.L. 1985. Social Evolution. Benjamin & Cummings Publishing Company, Inc.

Trivers R.L. & D.E. Willard. 1973. Natural selection of parental ability to vary the sex ratio of offspring. Science
179: 90-91,

Viljcen S. & H.C. Du Toit. 1985. Postnatal development and growth of southern African tree squirrels in the
genera Funiscivrus and Paraxerus. J. Mamm. 66: 119-127.

FIGURES / PUCYHKMHU

1200
L ]
L |
.'
1500 3565 gramsiday -
"
2
800 o 1
J i Ag
= - a®
H A
® ] A%
< |Emergence | o !!
E Lty . .
« Py o
= ¢ T <
400 lll"' ‘1“
6.1 gramsiday ngt" #
--"ugi*ﬂ“*‘
THeptt
200 Il--!;g* =
n
L LL L
.lxll"
o B g
0 5 10 15 20 25 30 35 40 45 50 55 EQ 65 70
Age (days)

Fig. 1. Growth of litter “C" with mean growth raté before and after time of emergence.
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Translated into Russian by A.A. Nikol'skii
[Mepesod Ha pycckull A3blk A.A. Hukonbcko20

Beegenue
Pannee Pa3BHTHE, Beyliee Dpl‘aHHSM OT POWJCHHA K NoJIOBORA 3penocTH, ABJTACTCH pCLllal{}LIIHM

npoueccoM B BhbKMBaHMM ocobedl. OHO onpenenseT Bce BO3MOKHbIE KauecTBa OpraHM3mMa, a Takxe
NPOAOKMTENBHOCTh  BRIKAPMJTMBAHMSA, HA NPOTSHKEHWM KOTOPOrO ACTEHBIM  OCOOECHHO  MOABEPXKEHbI
OIACHOCTH CO CTOPOHBI (hakTopoB Okpyxaroed cpejsl (Robbins, Robbins 1979; Price, White 1985). Pannee
pa3BUTHE paBHO BIMAET KaK H4 KONMYECTBO, TaKk M HA Ka4eCTBO JKHUBOTHBIX (Trivers, Willard 1973; Trivers
1985), u, ClIeAOBATEILHO, ABNAETCS HEOThEMIIEMbIM (DAKTOPOM NpoLecca Pa3MHOKERHA NO3BOHOYHBIX (Stearns,
1976: Stearns, 1992). O6bI4HO CYUMTACTCA, UTO PA3BUTHE KMBOTHOTO - 3T0 €I'0 CNOCOOHOCTE NPUCTIOCA0NINBATHLCS
K ycnosuam okpyxawouteli cpemst (Case, 1978; Robbins, Robbins, 1979; Robbins, 1983). B uacrhoctn, y
BNAJAKIMX B 3MMHIO CNSYKY CYCIHMKOB, KOTOPLIC BLIHY/KACHBI pacTh OBICTpPEE W 3amnacarb /10CTaTovHOC
KOTMUECTBO JKUPA 3@ OTPaHMYCHHbIA [EPUOJ BPEMCHM, YTOObI BBIKMTh BO BpeMs CIAYKH, YCKOPEHHbIN
onrorexes 6b11 661 Hecomuenusim npuemyiectsom (Clark, 1970).

OcHoBa TeopeTHueckoil paboThl, HOCBSAIEHHOH POCTY ¥ PA3BUTHIO IPbI3YHOB CeMEHCTBA DEHUbHX, YKE
cywecrsyer (Hirshfeld, Bradley, 1977; Levenson, 1979; Koeppl, Hoffiman, 1981; Ferron, Ouecllet, 1985:
Vilijoen, Du Toit, 1985). Onnako, ecnu npobiemMbl GUIMYECKOTO Pa3BUTHS W NIPHPOCTA MACChl CYpKOB XOPOILO
H3y4eHsl, TO paboThl, MOCBALLEHHBIC Pa3BUTHIO NOBeeHHs, 10 cux nop peaku (Ferron 1984) n, B GonsimnncTae
CBOEM, CAyuYaifHbl M HOCST onucaresbHblil xapakrep (Shaw, 1925; Gander, 1930; Blair, 1942; Clark, Skryja,
1969).

Hike 06Cy®a10Tcs POCT M pa3BUTHE TOBELEHUA eBporelickoro cypka (Marmota marmota) 3a Bpems
BCKapMAMBaHKs, Takike Mbl pacCMaTpHBaeM BAHAHUC (PHU3NUECKOrO COCTONHMA IETCHDILICH Ha MX PA3BHTHC.

MeToObl U MaTepuansl

B nauase mas 1998 roga o ®@panuysckux Ansnax (45°29'c.w., 6°59'.1.) na seicote 2340 M. B Jl0/HHe
La haute Maurienne 6110 noiimano 5 GepeMeHHbIX caMOK. VX TOMECTWIW B KIETKH, pa3/eieHnble Ha aBe
yacti. OjHa HacTh, 1€ pacnonarajoch rHe3jlo, 3arnoHCHHOE CEHOM, COXPaHANACh B MONHON TemHoTe. Bo
BTOPOIl e NOMOBMHE, Iie HAXOAMNACh Boda H ena ad libitum (BAOBOAb), OCBELICHHE OBIIO TAKMM KE, KaK H B
ECTEeCTBEHHBIX YCIOBHAX B 3TO BpeMs. Jnsa cBopa ZaHHBIX N0 M3YYEHMIO NMOBEAECHHWS CYPKOB Mbl MCTIONL30BAH
MeToj, npemnoxennsiii Mepponom (Ferron) B 1981 romy. Macca MOJI0/IBIX CYPKOB, POXK/IEHHBIX B HEBOJIE,
perucTpupoBanacs Kaxabiii aeHb. Tamke 0TMEYAnoCh YCIEWHOe NPosBICHAe Y AeTeHbiei 30 noBeieH Y ecKuX
peakuuif, pa3ieseHHBIX HAMH Ha 6 TUINOB, ¥ ObLIM NPOU3BEIEHB! 4 M3MEPEHHS CKeneTa.

Jlnsa MojcnuposaHds TIPHPOCTAa MACChl OT POMKAEHHS W 10 BbIXOAA JCTCHBILIA M3 HOPbl Mbl
BoCnoNp30BanuCE Momensio Yanmana-Puuapaca (Richards, 1959), wamenednoit cornacHo JKwnnngpy ¢
coastopami (Gaillard, Pontier et al., 1979) 0THOCHTE/ILHO KPUBBLIX POCTA 110 YPABHEHHIO!

W= rae N= commmmeeee
ea(tot) N (m-1)
(1+(m-1) )
rae "W," - macca Tena B ospacte t, "K" - acumnroTHyeckas macca Tejia (Macca Tena JeTCHblIA BO Bpems
BLIXOAZ M3 HOpbl), "m" - napaMetp, KOTOpPbIH ONpeAenseT MOJOKEHNE TOYKH OTHOCHTEIBHO OCH Beca

(epTHkanbHOM OcH), "a" - OTHOCHTC/BHBIH K0d(QuUMEHT pocTa, a "fy" - BO3pacT, B KOTOPOM TNPOUCXOINT
H3IMEHEHHE MOJIOKEHHUS TOUKH.

Drta MOAeNb AOMYCKaeT rMOKOCTH CTPYKTYpPhl OT MOHOTOHHYECKOLO TOAbEMa JI0 MOHOTOHMYECKOTO
crycka. B npemenax 3THX 3HauCHMIl MOXKET HaxoaMThCs Jio0as CHIMOBHMAHAs Kpubas. Takas W3MEHYHMBOCTS

186 = s .
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¢dopmbr  KpHBOH pocTa onpefensercas napametpoM "m". Tak, m = 0, eciu rpaQHK COOTBETCTBYET
MOHOMONEKYJIAPHOI MOJENH (HET OTKAOHeHM). 3nauende "m" npubnuwxaercs k 1, Koraa ou COOTBETCTBYET
moznenu Fommeprua (Gompertz) (Touka oTKNOHseTCA NPUONH3NTENLHO Ha 36.8 % ), u pasusieTcs JIBYM, €CIin
rpauk COOTBETCTBYET JIOTHCTHUECKOH MO (OTKIOHeHH e TOUKH HA 50 Y% OT aCHMIITOTHYECKON Macchl reia).

MBe1 oLieHIH pHU3MYECKOE COCTORHHE MOJIOABIX 0COBEH B 3HAYEHHAX PEIPEcCHy MHOKeCTBa aJIr'OPHTMOB
MAcChl HETBIPEX CKEJETHBIX HApW3HAKOB. Takke MbI WCMONL3OBANM 1I0KA3aTCJIM PErPECCHHM KAK HHACKC
COCTOAHMA MOJIOJBIX XKHBOTHBIX.

BeuiM yuTeHbl 6 THUIIOB TioBedeHWs (duivueckoe pa3sBUTHE, JIOKOMOLMA, KOMGOPTHOE nNoBeAeHMe,
HACTOPOXKECHHOCTh W MCCICA0BATENLCKOE MOBCACHHE, KOPMJIEHHE M COLMalibHOCTL). Kaablit THN noseaeHHs
COJIEPIKHUT, B CBOIO OUCPE/lb, 5 BHIOB NOBEACHUECKUX peakuni. YTobsl MpoaHain3npoBaTh M3MEHEHHE BO3pacTa,
B KOTOPOM MMOABIAETCA Kaxan GopMa MOBEACHUA, Mbl HCIIONB3OBAIH AHANU3 ITIABHLIX KOMITOHEHT (10 KaxJaomy
THITY 110BECHHUA.

PesynbrarThl

U3 24 poxaeHHpIx getensiiel 11 yMepiiu BcieIcTBHE KaHHUGANN3MA M HH3KOTO YPOBHSI POIAHTENBCKOI!
3a00Thl. TpUHAAUATh BEDKUBLIMX KWUBOTHBIX OLINKM OTHECEHBI K TpeM BbiBoAKaMm (A, B u C). Mbl onpenensnu
MOJI0BIX CYPKOB 110 OykBe, 0603HauatOLeH BHIBOAOK, H JaBani WM HOMepa. JleTeHbIIN eBpONeiickoro cypka
00nianany BCEMH XapaKTePHbIMHM [PU3HAKAMM HOBOPOXKACHHOIO KMBOTHOTO: OHM DPOMKIANMCH [IPAKTHUECKH
[OTBIMH, € 3aKPLITBIMM yLIAMM 1 HEPA3JICICHHBIMU NAIbLAMHK. B ABYX/IHEBHOM BO3pacTe OHM BECHIIM B Cpe/Hem
33 rpamma, a JutMHa X cocTasisna npubnusutensHo 10 cantumerpos. Hamu Guinu paccMoTpeHs: NpOsABIEHUS
NOJIOBOTO AMMOP(GN3IMA Y HOBOPOKACHHBIX CYPKOB M ObINO BBINOJHEHO HETHIPE 3amepa. MONOAbIE Camilbl
OKa3AINCh THXkKENIee CaMOK M uMenH bonee HUPOKyto ronosy (tabn. 1).

Tabnuya 1.
Avumopdusm npu poxkaeHum
Camubl Camku d.f. F P
Macca 34.61+0.87 30.75+1.26 5;15 6.471 0.022 *x
[nuHa nepegHunx KoHEYHOCTEN 19.09+1.28 19.57+2 .87 3:12 0.000 0.996 NS
OnuHa 3agHuUX KoHe4YHoCTeN 18.38+0.82 18.47+2.62 3;12 0.043 0.841 NS
WupuHa ronossl 22.21+0.51 21.08+1.15 3;12 3.548 0.092 (*)

OcobeHHocmu pocma

MbI CMOTJIM BBIAEJUTL TPU dTanNa B PasBUTHH JCTCHBIUIEH eBPONEiCKOT0 CypKka B MEPHOA UX BHIXOAA HA
MOBePXHOCTL (pyc. 1). Jlo 3T0ro MoMeHTa UX BeC CTaOMIBLHO YBETUYHBAETCA HA 8 rPaMM B IeHb, BILIOTH A0 HA
Beixofia. [locme HEro poct XHBOTHLIX NPUOCTAHABIMBAETCA Ha KOPOTKHMEl 1IEPHON, BO Bpems KOTOPOT0
IPOHCXOAMT 11epexoil OoT MoJioka Kk Oosiee rpyboif nume. Koraa IeTeHLIUNM CTAaHOBATCS MEHEe 3aBUCHMbl OT
CBOCH MaTepH, CKOPOCTh UX POCTA CYINECTBEHHO yBeNUInBaeTCs (Npubnmsurenso 35 r. B AeHs). BbIACHHIOCH,
4TO OCOOCHHOCTH HX PA3BUTHA MMEKOT CUIMOBUAHYIO GOpMY. Mbl BbLAEAHIM YETHIpe THNA KPUBBIX (puc. 2),
KOTOpPbIC COOTBETCTBYIOT TPEM TPYNIamM MONOLBIX 0COOeH, 32 UCKII0UEHHEM BbIBOKA A, KOTOPBIH Obil pasbuT
ewe Ha mge rpynmst (Al, A2 u A3, A4). Kpome Toro, Gbiia 3aMeyeHa oTpuu@TebHas CBA3b MEKIY BECOM
JKHBOTHOIO B IEHb BBIX0/a H3 HOPb! M €0 BO3PACTOM.

Hanee, MBI yaenunu BHUMAHHE WM3YYEHMIO PasNHuuii MEXY OCOGEHHOCTAMM POCTA CAMLOB M CAMOK.
Hy>HO 3aMeTHTb, YTO CYIIECTBYCT 3HAYHTENbHAN pasHula Mexkay UX "m"-snauenusmu (U-rect Manua-Yuruu;
U=3;p = 0.01) Camusl umesnn "m"-3Ha4eHHe CPaBHHMOE C JIOTHCTHYECKUM POCTOM (cpesnaa = 2.19), B 10
BpEMs KaK y caMOK "m"-3HaueHue CpaBHMMO ¢ KpuBoM pocta I'omneprua (Gompertz) (cpeassin = 0.93).
Hecmotps Ha 7710, ocobu ofoero nosna umeny ugentHuHoe "l"3navenne (U = [1: p = 0.14). Dror dakr
yKa3bIBAET Ha TO, YTO POCT KaK CaMLIOB, TaK H CaMOK Ha4YMHACT 3aMEeAIATLCS B OLHO BPEMS, HO CaMIlbi K 3TOMY
MoMeHTy HaGupatoT 50% Beca, B TO BpeMs Kak CaMmKy - Bcero 37%.

Y1006 OOBACHATL CYLIECTBEHHYIO PA3HMIly MEKIY KPHBBIMH, Mbl MOCMOTPENH, He CB3aHbI JIH 3TH
PasIMIMA C PUIMHECKMM COCTOAHNEM XKHBOTHBIX. PACCMaTpUBATHCE Te e IPYIIibl MOJOALIX OCOBEH, 4TO M IpU
aHannse ckopoctd pocra (A3, A4; Al, A2; srBoaok B u BuBogok C). Kaxnas rpynna uMeer pasnwumbiii
YPOBEHDb QU3INIECKOrO Pa3BUTHS, OT COBEPIIEHHO HCTOIICHHBIX (A3, A4) ¢ pe3Ko OTPHIATE bHBIMY TOKA3ATENA-
MU, 210 HauboJlee YNUTAHHLIX, HMEIONINX PE3KO NOJIOKUTENbHBIE NOKa3aTeH (BuiBoaok C) (puc. 3).
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CYPKWM TOJIAPKTUKM KAK DAKTOP BUOPA3HOOBPA3US
J1. [payuaku u dp. PAHHEE PA3BUTUE ...

Pazeumue noeedeHusi
BospacT nosBieHus Kaxaoro 13 30 BUIOB NOBeASHHA NpejcTaBied B Tabnuue 2. Ananus 1o 6 rmaBHbIM

KOMIIOHEHTaM MOKa3al, YTO BCE 5 MEPEMEHHBIX OJMHAKOBO CBA3AHbI OTHOCHTENLHO MeEPBOi ocn (pHc. 4).
IMepBas 0Cb LIECTH IABHBIX KOMIMOHCHT 0003HaYaeT pasBUTHE CYpyaT Ha PAHHHMX CTA[MAX KUIHU. OcHoBHO¥
rpadMK NPOTHBONOCTABAACT AETEHbIUEH M3 rpynnbi "A" OCTanbHBIM, fonee pasBuThiM. Bo BCex iectH
aHaNM3ax, KpOME OAHOro, BHIBOZOK "A" Obu1 pa3OuT Ha 2 rpynnel: A3, Ad, MeHee Pa3BUTHIX U Al, A2, bonee
pa3BUTBIX. J[1151 BCeX 1UeCTH KaTeropuii pacronoxenue MoIoasIx ocodei 8otk ock |, OT HauMeHee K Hanbonee
pa3BuTLIM, BhirAeno Tak: A4, A3; A2, Al; BeiBosok B u seBonok C. Mbl yiKe YKa3bIBAlI¥ Ha 3TH IPYNILI B
nepsoil uactTH Hawel paborel. Ha ux npumepe INOKa3aHbl pasindus B (duzpnteckoM pa3BUTUK 0cobei.
Oka3biBaeTcs, QU3MUECKOE PA3BUTHE MOJIOJILIX CYPKOB HMeET GOMbIIOe BIMAHME HAa JATbHEHLIES pasBHTHE
MOBEAEHHS 7JTHX >KMBOTHBIX M WX OHTorenes. Yem HCTOWIEHHCE METEHbIWM, TEM MO3KE HAYHHACT

(HopMHpOBATLCA UX MOBEIEHHE.

Tabnuya 2.

Boapacr nosasneHuns 30 TeCTOBbIX NEPEMEHHBbIX,
CBA3aHHbIX C (PU3NYECKUM 1 NOBEAEHYECKUM OHTOTEHE30M

lMosedeHue Cpednul
eo3pacm (OHu)

Qusuvyeckoe pazsumue
Bpema Mexay paszaeneHuem BeK U NoNHbIM OTKpbITUEM rna3 3.846
[MonHoe pasgenexune nansbues NEpesHuX KOHEYHOCTEWN 5.38
Mpope3aloTcs HMKHWE peaubl 23.15
[MNosBnAeTca cnyx 30.31
[pope3alTcsl HUXHKUE pesLbl 36.23
MepedeuxeHue (noKkoMoyuu)
Monsaxve Bnepea No npsMoi 4.85
CBnvKeHue nepeaHux KoHeUHoCTen 7.46
HeysepexHas xogbba 19.23
IepeopueHTauus Ha XusoTe 21.92
MosiBnexsxe Ha NOBEPXHOCTH 43.69
KomghopmHoe nosedeHue
3eBoTa 11.08
PUTMUYHOE ABWMXEHWE CTYNHEN 13.73
Liapananue ¢ achheKTUBHBIM KOHTaKTOM 23.69
[poxaHue Tena 36.90
MoceweHve ybopHbIX 50.45
HacmopoxeHHocmb u uccnedogaHue
Moaaepxka cobCTBEHHOW rOI0BbLI B NOKOE 20.23
OboHaTeNbHOE UccnegoBaHue 23.77
MNopoepka ronosbl B ABMKEHNA 30.77
Mpeaynpexaaowas nosa Ha 4-x KOHEYHQCTAX 37.44
BepTukansHas npegynpexaanouias cToika 52.22
lTumaHue
MpekpalleHne "npuBa3aHHOCTI" K COCKY 11.69
[pekpatleHne NnoncKa cocka 35.77
O6nusbiBaHve 36.00
Mpuem NULKM MansiMu NOPUUSMU 38.00
Mpuem nuwm cnan 47.18
CoyuansHocms
*Urpa 39.23
*lNpocToi CBUCT 2 40.13
“Peakunit cBuCT 41.31
*[NogHoC CeHa B rHe3no 50.17
*3apgupaHue xsocTa 52.89
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3akntwoyeHune

EBpone#ickuii Cypok - )HBOTHOE MOHOoraMHoe. Ccblasich Ha 3TOT (axT, Mbl NIPEATIONAraeM, 4TO MO0BOl
0TGOp Y 2TOT0 BM/Ia HMEET JI0CTATOUHO HU3KUH YPOBEHb, PABHO Kak W MONOBOM AMMOP(H3IM, KOTOPBIHA eCiiu 1
Habmonaercs y B3pocibix 0coGel, TO TONBKO B He3HauMrenbhbiX pasmepax (Kleiman, 1977; Mock, Fujioka,
1990). C nmpyro#i cTOpOHBI, HAUIM MCCAENOBAHUA TIOKA3ajM, 4TO NONOBON AuMOpM3IM B HeBombLIOH, 110
3aMEeTHOH Mepe HabNONAeTCs y HOBOPOXAEHHBIX JKMBOTHBIX M 3aKilOYaerTcs B pasinWYMd Beca y
npeacTaBuTesiei pasunix monos. MoJjioasle caMilbi BecaT Oosblle, yeM caMki. HykHO 3aMCTHTL, YyTo Takoii
auMopdu3M He BcTpeuaerca Y Marmota monax (Ferron, Ouellet, 1991) HecMOTps Ha TO, 4TO B3POCALIE CaM bl
3TOro BHMAA HeMHOTo Taxenee camok (Snyder, Davis et al., 1961; Nuckle, 1982). ¥V esponeiickoro cypka
YKa3aHHbiH BbilIE JMMOP(H3M COXPAHAETCA [0 NMepexojia NeTeHbIeli oT Monoka k rpy6oii nue (Allaine et al.,
1998). Pasnuuams y KUBOTHBIX B 3TOT NCPHON TO3BONSIOT IIPEANONOKUTE, YTO MOJOALIE CAMIpl Tyuile
MOAXOMAT /I MCKYCCTBEHHOrO pasBelicHus, vyeM Monousie camku (Clutton-Brock, 1991). Cnenyer, oanako,
YTOUHNTB, 4TO 00CYKAAEMBIH NoNoBoi nuMopdu3M npossigercs kpaiive cinabo (1.15 Ha 1),

CocrosHne JeTEeHBINIa €BPOIEHCKOro Cypka OT POXACHUA [I0 BHIXOHA M3 HOPHI B OOBIIOH CTeneHu
BIIMACT HA ero IOBEACHUE M OHTOreHes. I1uueBsie OrpanuiCHUs, PABHO KaK M W3MEHEHNS OKPYXKAIOIIEH cpeasl,
HAHOCAT Pa3BUTHIO HOBOPOXIEHHOIO CypKa ry0oKHe M 3a4acTylo ycToluuBsie noBpexienus (Sykes, Cheyne,
1976; Hall, Leahy, 1979). HenoctaTok MUuM BRKHSET HA MHOTME CTOPOHBI TIOBEACHUS, TAKHE KaK JOKOMOLWMS
(Gramsbergen, Westerga, 1992), HacTOpoMEHHOCTR M HcclenoBatensckoe nosenenue (Hall, 1979),
counanbHocth (Frankova, 1973). Dtu nokasarenu, BOIMOKHO, ABIAIOTC 0OBACHEHUEM TOMY, YTO B NOACBBIX
VCNIOBHAX HAM BCTPEYAIHChH MOJIOABIE, TONLKO YTO BhIEIUIHE W3 HOPBI CYPKH, Y KOTOPLIX Habliofaiuch
3HAYMTENbHbBIC PA3JINUUA B PA3BUTHH.

OcobeHHOCTH pocTa eBPONEHCKOTO CYpKa B MEPHOA MEKIY POKICHUEM XHBOTHOTO W €10 BLIXOJIOM W3
HOPbl MMEHOT CHIMOBUAHYIO (OpMY. Y HOBOPOMXIAEHHBLIX XKMBOTHBIX HAGMIONAETCH MOJIOBOM AMMOPOH3IM.
Cam1ipl TKenee CaMOK, W Mbl NPEIIONAraeM, YTO OCOOEHHOCTH HX POCTA HA PAHHUX CTAAMSX PA3BUTHS MOTYT
paznuuateca. Camupl pactyT ObICTpee Ha TepBHIX JTanax CBOeH Ku3HM., UToOB MOATBEPAMTH BOIMOXKHEIE
pasaudud B cMeud(uxke pocTa CaMiOB M CAMOK M MOHATh CMBICA ITHX pasinduil, HEOGXOAHMO NpPOBECTH
AaNTbHEHITNE UCCAE0BaAHNS.

BnaropapHocTu

Ot1a paboTa Obisa BbINOIHEHA Opy noiepxke Ppaniysckoit Axanemueit Hayk u the Region Rhone Alps
(X1 nnan Etat-Region). bnaronapum Office National de la Chasse (O.N.C.) 3a nomouis B 0TN0Be GepeMeHHbIX
CaMOK U HauMoOHaNbHblil napk Vanoise 3a paspemieHye KuTh B TOMEHIEHASX, DPACHOAOKEHHBIX HA €r0
TEPPUTOPHH, A TAKXKe TECHUYHX 3a coleHcTBhE B paboTe.
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