
Butler University
Digital Commons @ Butler University

Scholarship and Professional Work - LAS College of Liberal Arts & Sciences

2003

Varriation of growth rates in yellow-bellied
marmots
Carmen M. Salsbury
Butler University, csalsbur@butler.edu

K. B. Armitage

Follow this and additional works at: http://digitalcommons.butler.edu/facsch_papers

Part of the Animal Sciences Commons, and the Biology Commons

This Article is brought to you for free and open access by the College of Liberal Arts & Sciences at Digital Commons @ Butler University. It has been
accepted for inclusion in Scholarship and Professional Work - LAS by an authorized administrator of Digital Commons @ Butler University. For more
information, please contact fgaede@butler.edu.

Recommended Citation
Salsbury, Carmen M. and Armitage, K. B., "Varriation of growth rates in yellow-bellied marmots" Adaptive Strategies and Diversity in
Marmots / (2003): 195-204.
Available at http://digitalcommons.butler.edu/facsch_papers/80

http://digitalcommons.butler.edu?utm_source=digitalcommons.butler.edu%2Ffacsch_papers%2F80&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.butler.edu/facsch_papers?utm_source=digitalcommons.butler.edu%2Ffacsch_papers%2F80&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.butler.edu/las?utm_source=digitalcommons.butler.edu%2Ffacsch_papers%2F80&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.butler.edu/facsch_papers?utm_source=digitalcommons.butler.edu%2Ffacsch_papers%2F80&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/76?utm_source=digitalcommons.butler.edu%2Ffacsch_papers%2F80&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/41?utm_source=digitalcommons.butler.edu%2Ffacsch_papers%2F80&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.butler.edu/facsch_papers/80?utm_source=digitalcommons.butler.edu%2Ffacsch_papers%2F80&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:fgaede@butler.edu


2
 

PUBLICATION OF THE INTERNATIONAL MARMOT NETWORK 

PUBLICATION DU RESEAU INTERNATIONAL SUR LES MARMOTTES 
http:Usocio-ecoS.univ-lyonl.fr/indexmann.html 

ISBN 2-9509900-5-3 

Citation 

Adaptive strategies and diversity in marmots. Strategies adaptatives et diversite chez les marmottes. 

RAMOUSSE R, ALLAINE D. & I.E BERRE M., Eds., 2003, International Marmot Network, Lyon. 

Copyright 2003 
International Marmot Network Publisher / Edition Reseau International sur les Marmottes 

Permission to reproduce any material of"Adaptive strategies and diversity in marmots" will be given 

without any previous authorization provided that full references to author, title, date, publisher and 

place of publication are given. / La permission de reproduire articles et illustrations de "StraUgies adaptatives et 

diversite chez les marmottes" sera accordee sans autorisatiol1 prealable, dans La mesure au les references completes 

de La source (auteurs, titre, date, edite~r et lieu de publication) sont ciUes. 

Rewriting of English versions / Correction des versions anglaises :
 

ARMITAGE K.B., BLUMSTEIN D.T. & BRYANT A.A
 

Russian translations / Traductions en Russe :
 

LE BERRE-SEMENOV M. & SEMENOV Y.
 

Cover layout / Maquette de couverture :
 

LEBERREM.
 

Editorial management and French translations / Suivi editorial et traductions en franfais :
 

R. RAMOUSSE.
 



195 Marmot ecology / Ecologie des marmottes 
Adaptive strategies and diversity in marmots / Strategies adaptatives et diversite chez les marmottes 

VARIAnON IN GROWTH RATES OF YELLOW-BELLIED MARMOTS (MARMOTA FLA VIVENTRlS) 
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Les taux de croissance des populations de marmottes aventre jaune (Marmota flaviventris) varient significativement avec Ie 
sexe, l'age, Ie lieu et l'annee. D'abord, les males ont des taux de croissance superieurs aceux des Jeme1les et les marmottons et les 
antmais, des taux de croissance generalement superieurs a ceux de tous les adultes queUe que soit leur localisation. Les 
localisations sont situees ades altitudes differentes et la relation entre altitude et taux de croissance est complexe et probablemmt 
sous Ie controle du climat. De Jaibles precipitations en fin d'ete sont souvent associees ades Jaibles taux de croissance aux 
altitudes elevees ou la saison active est limitee et retardee par les chutes de neige tardive comparee aux altitudes plus basses. Les 
taux de croissance et de survie des marmottons sont plus Jortemmt influences par les ecarts de chutes de pluie que ceux des 
adultes. De plus, les effets de la date et de la masse au sewage sur la masse de prehibernation sont plus prononces chez les 
marmottons males d'altitude elevee que chez les marmottons femelles. 
Mots cUs ; Marmota flaviventris, taux de croissance, survie, altitude, chute de pluie. 

B 3aBllCliMOCTii OT nona, B03paCTa, MeCTa II rOl\a 3Ha"IIfTeJIhHO MeHJleTCJI ypoBeHb pOCTa nonYJIJll.\ldi )I(enTo6plOXI1:X CypKOB 

(Marmofajlavivenlris). YpoBeHb pOCTa BblllIe y caMl.\OB, qeM y caMOK, y cypqaT H rol\OBa..1blX oc06e{{, qeM y Bcex B3POCJIbIX, 

He3aBI{CliMO OT HX MeCToo6HTaIillJl. MeCTO0611TaHliJI HaXOAJITCJI Ha pa3HblX BI.ICOTax, a OTHOweHl{e Me)l(l\Y BblCOTOA II ypoBHeM 

pOCTa BepOSITHO 3aBliCliT OT KJIIiMaTa. CJIa6ble ocall;KII B Ko~e JIeTa 'IaCTO aCCOl.\HpYIOTCJI co CJIa6blMI{ ypOBHJlMI{ pOCTa Ha 

60lIblilllX BbICOTax, rl\e n03p;Hlie cHeronal\bl 3aMeAJUlIOT nepHOI\ aKTIIBHoCTII, no cpaBHeHli10 C 60lIee Hli3KHMii BbICOTaMIi. 

BJiliJlHHe 113MeHeHffi'l ocagKoB Ha ypoBeHb pOCTa II BbOlUlBaHHJI 60JIbWe I\JIJI cyp'IaT, 'IeM AJUl B3pOCIlbIX. 

KnIO"e6ble c.IIoea: Marmofajlaviventris, YP0BeHb pOCTa, BbD!<I{BaIDIe, BblCOTa, OcagKII. 

Growth rates of yellow-bellied marmot (Marmota flaviventris) populations over a 32-year period (1965 - 1996) varied 
Significantly with sex, age, location, and year. Overall, males had higher growth rates than females and young and 
yearlings generally had higher growth rates compared to adults at all locations. The locations varied with respect to 
elevation and the relationship between elevation and growth rate was complex and likely weather dependent. Low 
rainfall in late summer was often associated with low growth rates at high elevations where the active season is 
constrained and delayed by late spring snowmelt compared to low elevations. Growth rates and survivorship of 
young were more strongly influenced by deviations in rainfall than those of adults. Further, the effects of weaning 
date and mass on pre-hibernation mass were more pronounced for male young at higher elevations than for female 
young. 
Keywords: Marmota flaviventris, growth rates, survivorship, elevation, rainfall. 

INTRODUCTION Weather and environmental factors affect 
The survival and reproduction of hibernating growth rates for some species of hibernating 

squirrels is greatly influenced by the acquisition of sciurids. Bibikow (1996) found that fat accumula
resources during the limited active season. One tion was reduced for gray marmots (Marmota 
essential resource is energy that is stored as fat. baibacina) during unusually cold and wet active 
Over-winter mortality is often high for hibernators seasons. Similar effects of weather on growth were 
(Bryant 1998, Schwartz & Armitage 2002, suggested for yellow-bellied marmots (M. flavi
Valentsev et al. 1996) and studies indicate that ventris, Melcher et al. 1990) and alpine marmots (M. 
over-winter mortality rates are contingent upon marmota, Allaine et al. 1998). Low rainfall levels 
animal mass at the onset of hibernation (Armitage were also associated with low growth rates in 
et al. 1976, Murie & Boag 1984). Animals that hiber yellow-bellied marmots (Armitage 1994). Environ
nate at a greater mass and with greater fat stores mental factors may vary considerably for species 
have higher rates of survival compared to their living acroSS elevational gradients. The active 
cohorts. Further, the ability to successfully main season of hibernators living at high elevations is 
tain euthermy and reproduce upon emergence often shorter than at lower elevations due to 
from hibernation when little to no green vegetation prolonged snow cover which, in turn, results in a 
is available is thought to be highly dependent on shorter growing season (Dobson et al. 1992, Van 
energy stores accumulated during the previous Vuren & Armitage 1991). The constrained active 
active season (Buck & Barnes 1999, Van Vuren & season and limited access to plant resources at 
Armitage 1991). Thus, growth rates of hibernating high elevations appears to influence growth rates 
squirrels dUring the active season may profoundly in some species of sciurids. Yearling and juvenile 
affect lifetime fitness and population dynamics. Columbian ground squirrels (Spermophilu5 colum-

SAlSBURY CM. & ARMITAGE KB. 2003. Variation in growth rates of yellow-bellied marmots (Marmota flaviventris). 
Variation des taux de croissance de la marmotte aventre jaune (Marmota flaviventris). In Adaptive strategies and 
diversity in marmots / Strategies adaptatives et diversite chez les marmottes, Ramousse R., Allaine D. & Le Berre M., Eds., 
International Network on Marmots, 195-204. 
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bianus) grew more rapidly at low than at high 
elevations (Dobson et al. 1992). On the contrary, 
young yellow-bellied marmots living at high 
elevations had higher growth rates than young at 
intermediate elevations (Andersen et al. 1976). The 
equivocal relationship between elevation and 
growth ·;ate may be due in part to the limited time 
period of the aforementioned studies. Nei ther 
study included more than 6 years of data from a 
location. It is likely that longer studies are needed 
to elucidate the true relationship between weather 
and environmental factors and growth rate. 

The yellow-bellied marmot (M. flaviventris) is a 
large-bodied hibernator that inhabits variable and 
harsh sub-alpine and alpine environments. These 
marmot populations in the East River Valley (Gun
nison County, Colorado, USA) have been studied 
continuously since 1962 (see Armitage 1991 and 
Schwartz et al. 1998 for review). A previous 8-year 
study of the growth rates of yellow-bellied 
marmots in the East River Valley (Armitage et al. 
1976) indicated that growth rates do not differ 
based on age, sex, year, or elevation. We present a 
re-evaluation of the growth rate patterns of these 
marmots using 32 years of data. Specifically, we 
examine the data for possible effects of age, sex, 
year, and elevation on growth rate. 

METHODS 

Data were collected from 1965 to 1996 inclusive 
from populations of marmots living in the East 
River Valley, Gunnison County, Colorado. The 
populations occupied meadow habitats associated 
with talus slopes and rock outcrops at elevations 
ranging from approximately 2860m to 2990m. 
Marmots were live-trapped, weighed, sexed, 
marked, and observed each year during the active 
season that typically extended from early May to 
mid September (see Armitage 1974 for detailed 
methods). Individuals were classified by age and 
reproductive status. Young were in their first 
active season of life, yearlings were born the 
previous summer, and adults were 2 years or 
older. We categorized adults by their reproductive 
status; we distinguished 2- and 3-year-old females 
that were not reproductive from reproductive 
females. Beca use males may be territorial and 
sexually mature at age 2, all males 2 and older 
were grouped together. 

Active season growth rates, body mass changes 
over time, of marmots living at three locations 
along the East River Valley were calculated. These 
locations were chosen based on patterns of snow
melt with the down valley location melting first 
and the up valley last (Van Vuren & Armitage 
1991). Approximate elevations at these locations 
were: down valley (2860m), mid valley (2930m) 
and up valley (2990m). Growth rates were deter
mined for animals of each sex, age, location 
(; elevation), and year using simple linear regres
sion analysis. Only those regression coefficients (b; 
hereafter referred to as II growth rates") where 
p < 0.10 were used in subsequent statistical 

SALSBURY eM. & ARMITAGE K.B. 

analyses. Statistical analyses were performed using 
Minitab Statistical Software (Release 13 for 
Windows, Minitab Inc., State College, PA) and 
significance was assigned at a s 0.05. 

Growth rates were analyzed in a repeated 
measures, weighted, general linear model analysis 
of variance. Four main factors: age, sex, year, and 
location were examined. Location was treated as a 
repeated measure nested within year. The growth 
rate variances were heterogeneous so each growth 
rate was weighted by 1/SE2

; SE was the standard 
error of the regression coefficient (Draper & Smith 
1981). Missing data for some age groups and sexes 
in some years prevented an examination of the 
interaction effects among the main factors as the 
model was not full-rank. Significant main factor 
effects were further analyzed using Tukey simulta
neous post-hoc tests. Due to the repeated measures 
design, location effects could not be examined 
separate from year in post-hoc tests. For each 
location(year) combination, we counted the 
number of significant comparisons with all other 
possible location(year) combinations. For those 
combinations where growth rates were signifi
cantly different from 10 or more other location 
(year) combina hons, we examined the rainfall 
patterns and survivorship estimates in an effort to 
interpret the trends in the data. Survivorship was 
based on those animals trapped the next active 
season. Rainfall estimates were obtained from the 
Crested Butte Weather Station located about 10km 
from the study sites (U.S. Weather Bureau). 

Weaning date, weaning mass, and predicted 
mass at hibernation were calculated for young of 
each sex each year. Weaning date at each trap 
location was determined by the first appearance of 
young above ground and weaning mass was calcu
lated as an average individual mass for young of a 
single litter captured within their first week above 
ground. The body mass of young on September 5 
(128 days after April 30) was calculated using the 
regression equations and these values were used 
as estimates of predicted mass at hibernation. The 
relationships between weaning date, weaning 
mass, and predicted mass at hiber-nation for each 
sex at each location were examined in separate 
Spearman's ranked correlation tests. The lowest 
ranks were assigned to the lowest value for each 
variable. Additionally, we compared the growth 
rates and the predicted hibernation mass of young 
males and young females using Chi-square contin
gency tests. We counted the number of times at 
each location that males had greater growth rates 
than females and vice versa. We compared these 
values with Chi-square tests. The same analyses 
were performed for the predicted mass at 
hibernation for young. The Chi-square analyses 
allowed us to test for sex effects not obtainable 
with the Spearman's ranked correlation analyses. 

RESULTS 
Growth rates of marmots varied from 0.21 

g / day for 2-year-old non-reprOductive females at a 
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down valley location in 1969 to 9.33 g/day for 2
year-old non-reproductive females at an up valley 
location in 1976. Marmots of all age and sex 
categories gained mass during the active season at 
all locations throughout the study (Table 1). 

Sex, age, year, and loca tion significantly 
affected the growth rates of marmots (Table 2). 
Post-hoc comparisons indicate that males had 
significantly higher growth rates than females and 
yearling marmots grew more rapidly than most 
other age groups (Table 2). Further, 3 year-old 
non-reproductive adults had significantly lower 
growth rates than all other age groups. Post-hoc 
examination of the location(year) combinations 
indicates that there was no clear pattern in growth 
rates among the sites. Thirty-eight of the possible 
87 location(year) combinations differed significant
ly from other combinations. Ten of the location 
(year) combinations had growth rates that differed 
significantly from ten or more other combinations. 
Close examination of the data indicated that the 
growth rates of young had the most influence on 
the significant differences observed. Four of the ten 
most significantly different location(year) combi
nations were up valley locations and all but One 
were characterized by significantly low growth 
rates. Four of the ten Significant location(year)s 
were mid valley combinations; two of the four 
combinations had relatively high growth rates 
while two had relatively low growth rates. The 
remaining two combinations were down valley 
combinations; one with significantly lower growth 
rates and the other with significantly higher 
growth rates than other combinations. 

All of the ten significantly different location 
(year) combinations were associated with marked 
deviations in average rainfall (range 40 to 133% of 
average) especially during the month of August. In 
eight of the ten years, rainfall was lower than 
average and in two years it was greater than 
average. Loca tion(year) combinations with relati
vely low and those with relatively high growth 
rates compared to other location(year)s most often 
occurred in years of low rainfall. Higher than 
average rainfall was correlated with low growth 
rates at both up valley and down vaHey locations. 
Survivorship of young during the ten highly signi
ficant location(year)s ranged from 0 to 100% and 
that of adults ranged from 20 to 94.1%. 
Survivorship was generally positively rela-ted to 
growth rates for young but not for adults. 

The relationships among weaning date, 
weaning mass, and predicted mass at hibernation 
varied among males and females at the three 
locations (Table 3). When significant correlations 
existed, young with a greater mass at weaning also 
had a greater predicted mass at hibernation. 
Further, later weaning dates resulted in lower 
predicted mass at hibernation. There was no signi
ficant relationship between weaning date and 
weaning mass for either sex at any location. The 
only significant relationship for females occurred 
at the up vaHey locations where weaning date was 

negatively correlated to predicted mass at hiber
nation. Weaning date was negatively correlated to 
predicted mass at hibernation for males at mid 
valley locations. Weaning mass was positively 
correlated to predicted mass at hibernation for 
males at both mid and up valley locations. No 
significant correlations existed between the 
variables at the down valley locations. 

Generally, male young had higher growth rates 
significantly more often than females (Table 4). 
The difference in growth rates between the sexes 
was most pronounced at the down valley loca
tions. Predicted mass at hibernation was more 
often greater for males than females across all 
locations and the differences were significant at the 
down and mid valley locations. Thus, at down 
valley locations, young males generally grew faster 
and reached a larger mass prior to hibernation 
than young females. 

DISCUSSION 
The significant influence of location on the 

growth rates of yellow-bellied marmots and the 
variation in growth rates across years for this 
species were not documented prior to the present 
study. To the contrary, Armitage et aI. (1976) found 
no difference in growth rates among marmots at 
2900m and 3400m when the elevational shift in the 
growing season was taken into account. The lack 
of agreement between the results of the previous 
and the current study may be due in part to the 
much smaller sample size and shorter time scale of 
the previous study. Also, data were combined 
across all locations in the previous study. The 
elevational effects on growth observed in the 
current study were difficult to interpret due to 
limitations of the statistical analyses. Significantly 
low and high growth rates occurred at all locations 
even though the length of active season can be 
shortened by as much as 21 days at the mid and up 
valley locations compared to down valley locations 
due to later spring snowmelt (Van Vuren & 
Armitage 1991). The shortened active season and 
the subsequent limited access to resources at up 
valley locations apparently has not selected for a 
compensatory increase in growth rates among 
marmots. This result contradicts previous findings 
of a positive correlation between growth rates and 
elevation for this species (Andersen et al. 1976) and 
does not support Barash's (1973) suggestion that 
young marmots have retarded growth rates at high 
elevations due to the decrease in the length of the 
active season. We suggest that the lack of agree
ment between current and past findings is due to 
fact that the relationship between elevation and 
growth is a complex one that is contingent upon 
other factors such as weather conditions, habitat 
quality, and population parameters. Thus, it may 
be difficult to form universal explanations for the 
effect of a single factor such as elevation or 
weather on growth patterns for marmots; many 
factors must be considered simultaneously to gain 

Variation in growth rates of yellow-bellied marmots (Marmota flaviventris) 
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a complete understanding of the patterns of 
growth and survival. 

Weather extremes, specifically deviations in 
rainfall, were consistently associated with location 
(year)s whose growth rates differed significantly. 
Deviations in rainfall did not explain overall 
patter~ in growth rates, however, as low rainfall 
occurred in years of low and high growth rates. 
This result is perplexing considering the reaso
nable inference that marmot growth rates would 
be associated with vegetative abundance and 
quality and that this most likely varies with 
rainfall amounts. The ability of marmots to main
tain high growth rates in years of below average 
rainfall indicates that there may be other factors 
mitigating the possible effects of low rainfall on 
growth. For example, one habitat categorized as a 
mid valley location in this study was located near 
easy access to free-running water and green 
streamside vegetation. Marmots living in this 
habitat were observed in a previous study to shift 
their foraging to lower, more moist streamside 
areas during periods of drought (Frase & Armitage 
1989). Further, the periodicity of rainfall in addi
tion to the amount is likely to ha ve an effect on 
growth rates that may vary with elevation. For 
example, high growth rates may be possible in 
down valley locations in years of lower than 
average summer rainfall if the drought conditions 
occur later in the summer. Because the active 
season .begins earlier for down valley marmots, 
animals at these locations have more time to access 
green vegetation before the late summer dryness 
affects vegetative quality. Thus, a late summer 
drought would likely have a more detrimental 
effect on the growth rates of animals living at 
higher elevations where the growing season is 
delayed and compressed (Armitage 1994). Mar
mots at high elevations are likely to still be gaining 
necessary mass for hibernation when the late 
summer dryness Occurs. In many cases, low 
rainfall in August was associated with low growth 
rates at mid and up valley locations as predicted. 
The effect of rainfall on growth rates varied with 
animal age. This relationship may explain the occa
sional observation of high growth rates at mid and 
up valley locations in years of lower than average 
rainfall. Close examination of these years revealed 
that growth rates of young were negatively 
affected by low rainfall but this effect was masked 
by the high growth rates of other age groups. 

Excessive rainfall was associated with low 
growth rates at the up and down valley locations. 
Bibikow (1996) observed a similar result for gray 
marmots where fat accumulation was reduced 
during cold and rainy active seasons. Excessive 
rainfall may negatively affect growth rates by 
limiting the amount of time available for foraging 
(Farand et al. 2002). Temperature is likely to affect 
time available for foraging especially for young as 
they are more strongly affected by cool tempera-
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tures (Melcher et al. 1990). The high rainfall levels 
observed in 1967 for yellow-bellied marmots in 
this study was associated with below average air 
temperatures in August. 

The relationship between growth rate and 
survivorship was not consistent between adults 
and young. Survivorship of young marmots was 
positi vely correlated with growth rates while the 
relationship for adults was more variable and 
often opposite of that observed for young. The 
relationship for young may be because growth rate 
influences pre-hibernation mass and over-winter 
survival of young is positively correlated to pre
hibernation mass (Lenihan & Van Vuren 1996). 
Adults typically begin mass gain earlier than 
young and may reach hibernation mass several 
weeks before the time of hibernation and thus, 
may avoid the effects of weather and other factors 
that affect young (Armitage 1996). 

The greater overall growth rate of males 
compared to females may account for the larger 
body size of males at all ages (Armitage et al. 1976). 
Sexual dimorphism in yellow-bellied marmots is 
small (Armitage 1981) and probably is related to 
male defense of females (Armitage 1974, Salsbury 
& Armitage 1995). Further, rapid growth especially 
in the first year of life may be more critical to male 
fitness because all males must disperse in their 
yearling summer and dispersal of males occurs 
later in the yearling summer when body size is low 
(Downhower & Armitage 1981). The majority of 
yearling female yellow-bellied marmots are philo
patrie, and thus, do not pay the cost of dispersal in 
their yearling summer. Also, body size is apparent
ly not a critical factor in avoiding reproductive 
suppression for females 2 years and older (Woods 
2001). 

The importance of weaning date and weaning 
mass on predicted mass at hibernation for young 
males at mid and up valley locations further 
suggests that males may be growing close to their 
physiological maximum, and thus, initial starting 
mass and the length of the active season are 
critical. Weaning date was significantly correlated 
to predicted mass at hibernation for females but 
only at the up valley locations where the length of 
the active season is constrained. The longer 
growing season at the down valley locations may 
negate any effects of weaning mass and date on 
predicted mass at hibernation. These results 
indicate that the timing of reproduction and the 
rate of growth of young during lactation are likely 
to have greater fitness ramifications at sites such as 
those at high elevations where the length of the 
growing season is shorter. 
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Table 1. Mean active season growth rates for yellow-bellied marmots. Regression coefficients (b) for the 
relationship between body mass and time were averaged to represent the mean growth rates. Only 
regressions coefficients significant at a:s 0.05 were averaged. Means presented are not weighted. R = 
reproductive, NR = non-reprOductive. Taux de croissance moyen de la saison d'aetivite chez les marmottes Ii 
ventre jaune. Les moyennes des coefficients de regression (b) de la relation entre la masse corporelle et Ie temps 
representent les taux de croissance moyens. Seuls les coefficients de regression significatifs au seuil a 5 0.05 sont 
pris im compte. Les moyennes presentees ne sont pas pondirees. R = reprodueteur, NR= non reprodueteur. 

Sex/j\ge N Mean growth rate (g/ day) SE 
Sex/Aze taux de croissance moyen (zljour) Ecart-type 

Female young 
Marmot ton femelle 73 19.23 0.86 

Male young 
Marmotton male 71 19.11 0.70 

Female yearlings 
Antenaise 60 19.72 0.56 

Male yearlings 
Antenais 58 23.76 1.14 

Female 2-year-old
Femelle de 2 ans 

s (NR) 
34 22.01 3.03 

Female 3-year-old
Femelle de 3 ans 

s (NR) 
39 17.61 1.73 

Female adults (R) 
Femelles adultes (R) 31 16.80 1.44 

Male adults (R) 
58 21.55 1.76Mtiles adultes (R) 

Tabl.e 2. Analysis of variance and Tukey simultaneous tests results of growth rate versus year, location, 
sex, and age. Only the significant post-hoc comparisons for the age and sex factors are presented. R = 
reproductive, NR = non-reprOductive. Resultats de l'analyse de variance et des tests de Tukey des taux de 
croissance en fonction de I'an nee, du site, du sexe et de I'age. Seules les comparaisons Ii posteriori significatives pour 
les faeteurs age et sexes sont presentees. R = reproducteur, NR = non reproducteur. 

Analysis of variance Analyse de variance 
Factor Facteur 

Year Annee 
Location(year) Site(annee) 

Sex Sexe 

Age Age 

Tuk.ey Simultaneous Tests Test de TukQl 

Comparison Comparaison 
Young < Yearlings 

Marmotton < Antenais 

Young> 3-year-olds (NR) 
Marmotton > 3 ans (NR) 

Yearlings> 3-year-olds (NR) 
Antenais > 3 ans (NR) 

Yearlings> Adults (R) 
Antenais > Adultes (R) 

2-year-olds (NR) > 3-year-olds (NR) 
2 ans (NR) > 3 ans (NR) 

3-year-olds (NR) < Adults (R) 
3 ans (NR < Adultes (R) 

Males> Females 
Males> Femelles 

d.f. ddl F P 
31 4.69 <0.001 

56 3.26 <0.001 
1 6.31 0.013 

4 18.55 <0.001 

t P 

4.540 0.0001 

6.013 <0.0001 

8.442 <0.0001 

3.307 0.0084 

5.071 <0.0001 

5.256 <0.0001 

2.513 0.0124 

Variation des taux de croissance de la marmotte aventre jaune (Marmota flaviventris) 
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Table 3. Spearman rank correlation results comparing weaning parameters and predicted hibernation 
mass for young marmots. Wmass: weaning mass, Wdate: weaning date; Hmass: predicted mass at 
hibernation. Correlation de rangs de Spearman entre les parametres du sevrage et la masse predite aI'hibernation 
des marmottons. Wmass : masse au sevrage, Wdate : dtlte du sevrage; Hmass : masse prevue aI 'hibernation. 

Males 
Males 

Females 
Femelles 

Comparison 
Comparaison 

Down 
Valley 

Mid 
Valley 

Up 
Valley 

Down 
Valley 

Mid 
Valley 

Up 
Valley 

Wmassvs. 
Wdate 

r. 
P 

-0.353 
0.099 

-0.310 
0.226 

0.074 
0.725 

-0.367 
0.085 

-0.145 
0.578 

-0.167 
0.414 

Wdate vs. 
Hmass 

r. 
P 

-0.032 
0.886 

-0.503 
0.047" 

-0.392 
0.064 

0.011 
0.961 

-0.437 
0.079 

-0.515 
0.014* 

Wmassvs. 
Hmass 

1', 

P 
-0.153 
0.485 

0.631 
0.009* 

0.462 
0.027' 

0.003 
0.991 

0.295 
0.251 

0.077 
0.734 

une masse elevee et des reserves de graisse importantes 

SALSBllRYC.M. & ARMITAGE K.B. 

* Indicates significance at 0. :s 0.05. Signification au seuil a s 0,05 

Table 4. - Chi-square contingency test results of growth rates and predicted mass at hibernation for 
young marmots. The number of times males had the greater growth rate or predicted mass at hibernation 
relative to females for all years of the study are presented. Similar values are also given for females. Only 
those years with growth rates significantly different from zero were included. Test du Khi carre entre les 
taux de croissance et la masse predite al'hibenation des marmottons. Les nombres de males ayant un taux de 
croissance ou une masse predite al'hibenation supirieurs acelles des femelles pour toutes les annees de I 'etude sont 
presentees. Seules les annees don't les taux de croissance sont significativement differents de zero sont inc/uses. 

Locatio Male greater Female greater Chi - square 
n Mile Femelle statistic p 

Site superieur superieure Khi CJlrre 

Down 18 5 7.3 <0.01 
Growth rates 

Taux de Mid 11 6 1.5 >0.10 

croissance 
Up 12 12 

Total 41 23 5.1 <0.025 

Predicted 
mass at Down 20 7 6.2 <0.025 

hibernation 
Mid 14 5 4.2 <0.05Masse predite a 

I'hiberna tion Up 18 10 2.3 >0.10 

Total 52 27 12.1 <0.001 

INTRODUCTION ont des taux de survie superzeurs a ceux de leurs 
La survie et la reproduction des ecureuils hibernants cohortes. De plus, on considere que la capacite a 

est fortement influencie par I'acquisition des ressources main tenir I'euthermie et ase reproduire apres Ia sortie 
pendant la courte saison active. L 'une des ressources d'hibernation, alors qu'iI n 'y a que peu de vegetation 
essen tielles est I 'energie amassee sous forme de graisse. verdoyante disponible, est fortement dependante des 
La mortalite hivernale est souvent elevee chez Ies reserves d'energie accumulees au cours de la saison 
hibernants (Bryant 1998, Schwartz & Armitage 2002, active precedente (Buck & Barnes 1999, Van Vuren & 
Valentsev et al. 1996). Des etudes indiquent que les Armitage 1991). Ainsi, les taux de croissance des 
taux de m01·talite hivernale sont relies a la masse de ecureuils hibernants au cours de la saison active 
I'animal avant I'hibernation (Armitage et al. 1976, peuvent affecter profondement Ia valeur selective de la 
Murie & Boag 1984). Les animaux qui hibernent avec duree de vie et la dynamique des populations. 
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Le climat et les facteurs environnementaux affectent 
les taux de croissance de quelques especes d'ecureuils 
hibernants. Bibikov (1996) a montre que l'accumulation 
de graisses chez les marmottes grises eMarmota 
baibacina) etait reduite au cours des saisons actives 
inhabituellemen t fro ides et humides. De teis effets du 
climat ant ett? suggeres chez la marmotte aventre jaune 
eM. flaviventris, Melcher et al. 1990) et chez la 
marmotte alpine (M. marmota, Allaine et al. 1998). 
De faibles niveaux de pluviositt? sont aussi associes ade 
faibles taux de croissance chez les marmottes aventre 
jaune (Armitage 1994). Les facteurs environnementaux 
peuvent varier considerablement pour les especes 
occupan t un gradient altitudinal. La saison active des 
hibernants vivants a une altitude elevee est souvent 
raccourcie du fait d'une couverture neigeuse prolongee, 
qui, a san tour, entraine une reduction de la saison 
vegetative (Dobson et al. 1992, Van Vuren & Armitage 
1991). La limitation de la saison active et ['acces reduit 
aux ressources vegetales a hau te alti tude semblen t 
influencer les taux de croissance de quelques especes de 
sciurides. Les antenais et les juveniles chez le 
spermophile de Colombie (SpermophiIus colum
bianus) se developpent plus rapidement a basse qu'a 
haute altitude. Au contraire, les marmottons aventre 
jaune vivant a haute altitude ont une croissance plus 
marquee que ceux vivant aaltitude moyenne (Andersen 
et al. 1976). La relation equivoque entre l'altitude et Ie 
taux de croissance peut etre due a la duree limitee des 
etudes precedentes. Aucune d'entre elles ne porte sur 
plus de six ans pour un site donne. II est vraisemblable 
que des etudes plus longues soient necessaires pour 
elucider la relation reelle entre les facteurs climatiques 
et environnementaux et Ie taux de croissance. 

La marmotte a ventre jaune (M arm 0 t a 
flaviventris) est un gros hibernant vivant dans les 
milieux sub-alpin et alpin variables et rudes. Les 
populations de marmottes aventre jaune de la vallee de 
l'East River du comte de Gunnison, Colorado (USA) 
ant ete suivies depuis 1962 (voir Armitage 1991 et 
Schwartz et al. 1998). Une etude antt?rieure des taux de 
croissance des marmottes aventre jaune de la vallee de 
['East River portant sur 8 ans (Armitage et al. 1976) a 
montre que les taux de croissance ne changeaient pas en 
fonction de ['age, du sexe, de ['annee au de I'altitude. 
Nous presentons une reevaluation des patrons de 
croissance des marmottes a ventre jaune a partir de 
donnies portant sur 32 ans. Precisement, nouS 
depouillons les donnees ala recherche d'effets possibles 
de ['age, du sexe, de l'annee et de ['altitude sur les taux 
de croissance. 

METHODES 

Les donnees concernant les populations de 
marmottes vivant dans la vallee de ['East River, comte 
de Gunnison, Colorado, ont ett? collectt?es de 1965 a 
1996 inclus. Ces populations occupent des prairies 
associees ades talus et des affleurements rocheux ades 
altitudes s'etageant de 2860 a2990 m. Les marmottes 
ant ett? piegies, pesies, sexees, marquees et observees 
annuellement durant la saison active, de dibut mai a 
mi-septembre (voir Armitage 1974 pour Ie detail des 
methodes). Les individus ant ett? classes selon leur age et 

leur statut reproductiJ. Les marmottons sont dans leur 
premiere saison active, les antenais sont nes i'annie 
precedente et ies adultes sont ages de 2 ans. Les adultes 
sont categorises selon leur statut reproductif; nous 
avons distingue ies femelles de 2 et 3 ans non 
reproductives des femelles reproductives. Comme les 
males peuvent etre territoriaux et sexuellement matures 
a2 ans, taus les mazes de 2 ans et plus ont ete regroupes 
ensemble. 

Les taux de croissance au cours de la saison 
d'activite et les variations de masse corporelle des 
marmottes de trois sites Ie long de la vallee de ['East 
River ant ett? mesures. Le choix des sites a iti fait sur la 
base de canevas de fan te des neiges, la couverture 
neigeuse du site inferieur disparaissant en premier et 
celie du site superieur en dernier (Van Vuren & 
Armitage 1991). L'altitude du site inferieur est 
approximativement de 2860 m, celle du site median de 
2930 et celie du site superieur de 2990 m. Les taux de 
croissance ant ett? determines pour les animaux de 
chaque sexe, age, site (altitude) et annee grace a une 
analyse de regression linaire simple. Seuls les 
coefficients de regression (b, nommes par la suite "taux 
de croissance") dont p<O,lO ant ett? utilises dans les 
analyses statistiques suivan tes. Les analyses statistiques 
ant itt? realisees avec Ie programme Minitab Statistical 
(Version 13 pour Windows, Minitab Inc., State College, 
PAY et Ie seuil de signification fixe aex ~ 0.05. 

Les taux de croissance ont ite analyses al'aide d'un 
modele iinaire generalise a mesures repeties et 
ponderees. Quatre facteurs principaux ant ett? examines, 
l'age, ie sexe, l'annee et Ie site. Les variances des taux de 
croissance etant heterogenes, chaque taux de croissance 
a ete pondere par 1/SE2

; SE etant l'ecart-type du 
coefficient de regression (Draper & Smith 1981). Des 
donnees manquantes pour quelques groupes d'age et 
sexe certaines annees ant empeche I'examen des 
in teractions des principaux. Les principaux effets 
facteurs significatifs ant ete ensuite analyses avec les 
tests post-hoc simultanes de Tukfy Du fait des mesures 
repeties, les effets site n'ont pas pu €tre examines 
separement de l'annee par les tests post-hoc. Pour 
chaque combinaison site (annee), nOUS aVOns compte Ie 
nombre de comparaisons significatives avec toutes les 
autres combinaisons site (annee) possibles. Pour toutes 
les combinaisons site(annee) dont les taux de croissance 
differaien t sign ificativemen t de 10 combinaisons 
site(annee) au plus, nous avons examine les patrons de 
chute des pluies et des estimations de survie pour tenter 
d'interpreter les tendances. La survie est basee sur les 
animaux captures au cours de ia saison d'activite 
precedente. Les estimations de chute de pluie ant iti 
obtenues a la station climatique de Crested Butte, situie 
environ 10 km des sites d'etude (U.S. Weather Bureau). 

Les date et masse au sevrage, ainsi que la masse 
prevue a l'hibernation ont ete calculees pour chaque 
marmotton, chaque annee. La date du sevrage achaque 
site de piigeage correspond au moment de la premiere 
sortie hors du terrier des marmottons et la masse au 
sevrage est la moyenne des masses individuelles des 
marmottons, d'une meme portie, captures au cours de 
leur premiere semaine de sortie. La masse corporelle des 
marmottons au 5 septembre (128 jours apres le 30 avril) 

Vanlltion des taux de croissance de Ia marmotte II ventre jaune (Mannota flaviventris) 
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a ete calculee al'aide des equations de regression et ces 
valeurs ont ete utilisees comme des estimations de la 
masse prevue Ii I'hibernation. Les relations entre date du 
sevrage, masse au sevrage et la masse predite a 
I'hiben:r.tion de chaque sexe a chaque site ont ete 
examinees par des tests de correlation des rangs de 
Spearman. Les variables ont ete Tansies en ordre 
croissant. De plus1 les taux de croissance et les masses 
prevues Ii l'hibernation des marmottons males et 
femelles ont eli compares avec Ie Khi carre de 
contingence. Nous avons denombre Ie nombre de fois ou 
les males ont des taux de croissance superieurs aceux 
des femelles pour chaque site vice-versa. Ces valeurs ont 
ete comparees avec un test du Khi carre. Les memes 
analyses ont ete realisees pour la masse predite a 
l'hibernation des marmottons. Des analyses grace au 
Khi carre nous on t permis de tester les effets sexes non 
obtenus par l'analyse de correlation de rang de 
Spearman. 

RtSULTATS 

Les taux de croissance des femelles de 2 ans non 
reproduetrices varient de 0,21 g/jour au site inferieur de 
I.a vallee en 1969 jusqu 'a 9,33 g/jour au site superieur 
de la vallee en 1976. Les marmottes de tout age et de 
tout sexe accroissent leur masse corporelle durant la 
saison d'aetivite dans to uS les sites tout au long de 
l'etude (Table 1). 
Le sexe.. l'age, l'annee et Ie site affectent les taux de 
croissance des marmottes (Table 2). Les comparaisons a 
posteriori indiquent que les males ont des taux de 
croissance superieurs a ceux des feme lies et que les 
antenais croissent plus rapidement que la plupart des 
autres groupes d1age (Table 2). De plus, les adultes de 3 
ans non reproducteurs presentent des taux de croissance 
significativement injerieurs aceux de tous les groupes 
d'age. L'examen a posteriori des combinaisons 
site(annee) montre qu'il n'y a pas de patron clair des 
taux de croissance en fonction des sites. Trente-sept des 
87 combinaisons site(annee) possibles different 
significativement des autres. Dix combinaisons 
site(annee) ont des taux de croissance differant 
significativement de dix autres combinaisons 
site(annee) ou plus. L'examen defaiIle des donnees 
indique que ce sont les taux de croissance des 
marmottons qui influencent Ie plus les differences 
significatives observees. Quatre des dix combinaisons 
site(annee) les plus significatives sont situees dans la 
partie superieure de la vallee et toutes, sauf une, sont . 
caracter isees par des ta ux de croissa nce 
significativement faibles. Quatre autres de ces dix 
combinaisons sont situees dans la partie mediane de la 
vallee ; deux d'entre-elles presentent des taux de 
croissance relativement eleves alors que les deux autres 
ont des taux de croissance relativement faibles. Les deux 
combinaisons restantes correspon dent a des sites 
inferieurs de la vall€e, l'une d'entre-elles avec des taux 
de croissance significativement plus faible et les deux 
autres des taux de croissance significativement plus 
eleves que Ies autres combinaisons. 

L'ensemble des dix combinaison site(annee) 
significativement differentes est associe ades variations 
importantes des chutes moyennes de pluie (de 40 a133 
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% de la moyenne), particulierement pendant Ie mois 
d'aout. Les chutes de pluie ont ete inferieures a la 
moyenne huit des dix annees et superieures les deux 
autres annees. Les combinaisons site(annee) presentant 
des taux de croissance relativemen t faibles et celles 
presentant des taux de croissance relativemen t eleves 
compaTf~es aux autres combinaisons site(annee) se 
manifestent generalement les annees afaible pluviosite. 
Les pluviosites superieures a la moyenne sont en 
correlation avec les taux de croissance faibles tant dans 
les sites superieurs que dans les sites inferieurs de la 
vallee. La survie des marmottons au cours de dix 
combinaisons site(annee) les plus significatives s 'etage 
entre 0 et 100 % et celle des adultes entre 20 et 94,1 %. 
La survie es t generalement en correlation positive avec 
les taux de croissance des marmottons mais pas ceux des 
adultes. 

Les relations entre la date de sevrage, la masse au 
sevrage et la masse predite al'hibernation varient entre 
les males et les femelles dans les trois sites (Table 3). 
Quand des correlations significatives existent, les 
marmottons Ii masse elevee au sevrage presentent une 
masse prevue a ['hibernation superieure. De plus1 les 
dates tardives de sevrage entrainent une masse prevue a 
I'hibernation inferieure. Aucune relation significative 
n 'apparart entre date et masse au sevrage quel que 
soient Ie sexe et Ie site. La seule relation significative 
chez les femelles apparait dans les sites superieurs de la 
vallee ou la date de sevrage est en correlation negative 
avec la masse prevue aI'hibernation. La date de sevrage 
est en correlation negative avec la masse prevue a 
l'hibernation chez les males des sites medians de la 
vallee. La masse au sevrage est en correlation positive 
avec la masse prevue al'hibernation chez les males des 
sites medians et superieurs de la vallee. Aucune 
correlation significative n'existe entre les variables dans 
les sites inferieurs de la vallee. 

Gineralement les marmottons males ont des taux de 
croissance superieurs significativement plus souvent 
que les feme lies (Table 4). Ces differences entre sexes 
sont plus prononcees dans les sites inferieurs de la 
vallee. Les masses prevues Ii I'hibernation sont plus 
souvent superieures chez les males que chez les femelles 
quels que soient les sites et les differences sont 
significatives dans les sites inferieurs et medians. Ainsi, 
dans les sites injerieurs de la vallee, les marmottons 
males se developpent plus rapidement et atteignent une 
masse superieure avant l'hibernation que les 
marmottons femelles. 

DISCUSSION 
Chez la marmotte a ventre jaune, l'influence 

significative de la localisation du site sur les taux de 
croissance et la variation des taux de croissance au 
cours des annees n'etaient pas connues avant cette 
etude. Au contrairel Armitage et al. (1976) n'avaient 
montres aucune difference entre les taux de croissance 
des marmottes a2900 et 3400 m, compte tenu du 
changement de la saison de developpement avec 
I 'altitude. Le desaccord entre les resuItats de l'etude 
anteriew'e et ceux de l'etude actuelle peut are explique, 
en partie, par la faiblesse de la taille de l'€chantillon et 
l'echelle de temps reduite de l'etude anterieure. De plus, 
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dans cette derniere, les donnees provenant de differents 
sites avaient ete regroupees. Les effets observes de 
I'alti tude sur la croissance dans cette etude, sont 
difficiles a interpreter compte-tenu des limitations des 
analyses statistiques. Des taux de croissance 
significativement faibles et eleves se mamfestent dans 
tous les sites, meme si la duree de la saison d'activite est 
reduite de plus de 21 jours dans les sites superieurs et 
medians de la vallee comparee aux site inferieurs, due a 
la fonte tardive de la neige (Van Vuren & Armitage 
1991). La reduction de la saison d'activite et l'acces 
limite aux ressources qui en decoule dans les sites €levis 
de la vallee n'a pas apparemment entraine la selection 
d'une augmentation compensatoire des taux de 
croissance des marmottes. Ce resultat est en 
contradiction avec les resultats anterieurs montrant une 
correlation positive entre les taux de croissance et 
I'altitude chez cette espece (Andersen et aI. 1976) et ne 
confirme pas I'hypothese de Barash (1973) selon laquelle 
les marmottons ont des taux de croissances riduits a 
haute altitude du fait d'une diminution de la duree de la 
saison d'activite. Ce desaccord entre resultats presents 
et anterieurs serait du a la complexite de la relation 
entre altitude et croissance qui depend d'autres facteurs 
comme les conditions climatiques, la qualite de l'habitat 
et des parametres populationnels. Ainsi, il peut etre 
difficile de donner des explications universelles de l'effet 
d'un seul facteur comme l'altitude ou Ie climat sur les 
patrons de croissance des marmottes ; de nombreux 
facteurs doivent etre pris en compte simultanement 
pour obtenir une comprehension complete des patrons 
de croissance et de survie. 

Les extremes climatiques, particulierement les 
variations de chute des pluies, sont logiquement associes 
aux site(annee)s dont les taux de croissance different 
significativement. Les variations de pluviosite 
n'expliquent pas l'ensemble des patrons des taux de 
croissance, cependant, car une pluviosite faible se 
produit des annees afaible et fort taux de croissance. Ce 
resultat est troublant si I'on considere l'inference 
raison nab Ie selon laquelle les taux de croissance 
devraient etre associes ala qualite et aI'abondance de la 
vegetation qui varient, Ie plus probablement, avec la 
pluviosite. La capaciti des marmottes a maintenir des 
taux de croissance eleves les annees ou la pluviosite est 
infirieure a la moyenne montre qu'il peut y avoir 
d'autres facteurs attenuant les effets possibles de faibles 
de chute de pluie sur la croissance. Par exemple, un des 
habitats de milieu de vallee est situe pres d'un cours 
d'eau borde d'une vegetation verdoyante facilement 
accessible. Les marmottes occupant cet habitat, 
observees au cours d'une etude anterieure, changent de 
lieu d'affouragement occupant les zones humides durant 
les periodes de secheresse (Frase & Armitage 1989). En 
outre, la periodiciti des pluies en plus de leur quantite a 
un effet probable sur les taux de croissance qui peuvent 
varier en fonction de I'altitude. Par exemple, des taux de 
croissances eleves peuvent are possibles dans la partie 
infirieure de la vallee les annees ou la pluviosite estivale 
est infirieure ala moyenne si la secheresse se produit en 
fin d'ete. La saison d'activite commen~ant plus tot en 
fond de vallee, les marmottes ont plus de temps pour 
acceder a une vegetation verdoyante avant que la 

secheresse de fin d'ete n'affecte la qualite de la 
vegetation. Ainsi, une secheresse de fin d'ete aurait 
probablement un effet prejudiciable plus marque sur les 
taux de croissance des animaux vivant a plus haute 
altitude ou la saison vegetative est retardee et raccourcie 
(Armitage 1994) Les marmottes vivant en altitude ont 
probablement besoin d'accroUre leur masse pour 
l'hibernation quand la secheresse de fin d'ete se produit. 
Dans de nombreux cas, une faible pluviosite en aout est 
liee ade faibles taux de croissance amoyenne et aforte 
altitude comme prevu. L'effet de faibles chutes de pluie 
sur les taux de croissance varie avec rage. Cette relation 
peut expliquer les observations occasionnelles de fort 
taux de croissance observes amoyenne et haute ali tudes 
les annees de pluviosite inferieure a la moyenne. Un 
examen minutieux de ces annees montre que les taux de 
croissance des marmottons sont negativement affectes 
par des chutes de pluie faibles, mais cet effet est masque 
par les forts taux de croissance des autres groupes d'age. 

Des chutes de pluie excessives sont associees a de 
faibles taux de croissance dans les sites infirieurs et 
medians de la vallie. Bibikov (1996) a observe un effet 
similaire chez la marmotte grise chez qui I'accumulation 
de graisses est reduite au cours des saisons froides et 
pluvieuses. Des pluies importantes peuvent affecter 
negativement les taux de croissance en limitant Ie temps 
disponible pour I'alimentation (Farand et al. 2002). La 
temperature affecte probablement Ie temps 
d'affouragement disponible, particulierement chez les 
marmottons car ils sont plus fortement concernis par 
les temperatures fra'iches (Melcher et al. 1990). Les forts 
niveaux de pluviositi observes en 1967 dans cette etude 
se sont traduits par des temperatures de l'air inferieures 
ala moyenne en aoUt. 

La relation entre les taux de croissance et la survie 
n'est pas uniforme entre les adultes et les marmottons. 
La survie des marmottons est en correlation positive 
avec les taux de croissance alors que la relation pour les 
adultes est plus variable et souvent opposee a celle 
observee chez les marmottons. Cette relation chez les 
marmottons peut are due a l'influence du taux de 
croissance sur la masse de pre-hibernation et la suroie 
hivernale des marmottons est en correlation positive ala 
masse de prehibernation (Lenihan & Van Vuren 1996). 
Les adultes commencent a accroitre leur masse 
typiquement avant les marmottons et peuvent donc 
atteindre leur masse d'hibernation plusieurs semaines 
avant l'hibernation et ainsi, peuvent iviter les effets du 
climat et des autres facteurs qui atteignent les 
marmottons (Armitage 1996). 

Le taux de croissance globalement superieur des 
males par rapport aux femelles peut expliquer leur taille 
superieure a tout age (Armitage et al. 1976). Le 
dimorphisme sexuel chez les marmottes ii ventre jaune 
est faible (Armitage 1981) et probablement relii a la 
defense des femelles par les males (Armitage 1974, 
Salsbury & Armitage 1995). En outre, une croissance 
rapide surtout au cours de la premiere annie peut etre 
critique pour la valeur selective du male, car tous 
doiven t se disperser au cours de l'ite de la seconde 
annie; cette dispersion est plus tardive lorsque la taille 
corporelle est faible Wownhower & Armitage 1981). La 
plupart des antenaises ii ventre jaune sont 
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philopatriques, et n'ont pas asupporter Ie cout d'une est limitee. La saison d'activite plus longue des sites les 
dispersion au cours de leur second ete. Aussi, la taille plus bas peut annuler les effets de la date et de la masse 
corporelle ne semble pas are un facteur critique au sevrage sur la masse previsible d'hibernation. Ces 
d'evitement de I'inhibition reproductrice chez les resultats indiquent que ['organisation temporelle de Ia 
femelle:; r1~ 2 ans et plus (Woods 2001). reproduction et le taux de croissance des marmottons 

L'importance de Ia date de sevrage et de la masse au durant la lactation ont probablement des ramifications 
sevrage sur la masse previsiole al'hibernation pour Ies de la valeur selective plus imporlantes dans les sites ou 
marmottons males des sites medians et superieurs de la ['altitude reduit la penode croissance. 
vallee suggerent, en outre, que les males doivent se 
deve/opper pres de leur niveau physiologique maximal, REMERCTEMENTS 

et, ainsi, leur masse de depart et la duree de la saison Cette recherche a eti effectuee a la station biologique de 
Rocky mountain avec Ie soutien de la National Scienceactive sont critiques. La date de sevrage est en 
Fondation. Nous remercions les nombreux aeteurs qui ontcorrelation significative avec la masse previsible a 
participe ala capture et au traitement des marmottes.['hibernation chez les femelles mais seulement dans Ies 

sites d'altitude elevee ou la duree de la saison d'activite 

***** 

BmLIOGRAPHIE / REFERENCES 

ALLAINE D., GRAZIANI L. & COULON J. 1998. Postweaning mass gain in juvenile alpine marmots Marmota marmota. 
Oecologia, 113: 370-376. 

ANDERSEN D.C., ARMITAGE KB. & HOFFMANN R.S. 1976. Soooecology of marmots: Female reproductive strategies. 
Ecology, 57: 552·560. 

ARMITAGE KB. 1974. Male behaviour and territoriality in the yellow-bellied marmot.]. Zool. Land., 172:233-265. 
ARMITAGE KB. 1981. Sociality as a life-history tactic of ground squirrels. Oecologia, 48: 36-49. 
ARMITAGE K.B. 1991. Social and population dynamics of yellow-bellied marmots: results from long-term research. 

Annu. Rev. Ecol. Syst., 22: 379-407. 
ARMITAGE KB. 1994. Unusual mortality in a yellow-bellied mannot population. In: Actual Problems of Marmot 

Inva.iigation, Rumiantsev V. ed., 5-13. 
ARMITAGE KB. 1996. Seasonal mass gain in yellow-bellied marmots. In: Biodiversity in Marmots, Le Berre M., 

Ramousse R. & Le Guelte L. eds., 223-226. 
ARMITAGE KB., DOWNHOWER J.F. & SVENDSEN G.E. 1976. Seasonal changes in weights of marmots. Amer. Midi. Nat., 

96: 36-51. 
BARASH D.P. 1973. Social variety in the yellow-bellied marmot (Marmota flaviventris). Anim. Behav., 21: 579-584. 
BmrKow D. 1996. Die Murmelhere des Welt. Westarp Wissenschaften, Magdeburg. (in German) 
BRYANT A.A. 1998. Metapopulation ecology of Vancouver Isltmd Mtlrmots (Marmota vancouverensis). PhD. dissertation. 

University of Victoria, B.C., Canada. 
BUCK C. L. & BARNES B.M. 1999. Annual cycle of body composition and hibernation in free-living arctic ground 

squirrels. ]. Mammal., 80: 430-442. 
DOBSON F.5., BADRY M.J. & GEDDES C. 1992. Seasonal activity and body mass of Columbian ground squirrels. Can. ]. 

Zool., 70: 1364-1368. 
DOWNHOWER J.F. & ARMITAGE KB. 1981. Dispersal of yearling yellow-bellied marmots (Marmota flaviventris). Anim. 

Behav., 29: 1064-1069. 
DRAPER N.R. & SMITH H. 1981. Applied Regression Analysis, Second Edition. John Wiley and Sons, New York. 
FARAND E., ALLAINE D. & COULON J. 2002. Variation in survival rates for the alpine marmot (Marmota marmota): effects 

of sex, age, year, and climatic factors. Can.]. Zool., 80: 342-349. 
FRASE B.A. & ARMITAGE KB. 1989. Yellow-bellied marmots are generalist herbivores. Ethol. Ecol. Evol., 1: 353-366. 
LENIHAN C. & VAN VUREN D. 1996. Growth and survival of juvenile yellow-bellied marmots (Marmota flaviventris). 

Can. ]. Zoo I., 74: 297-302. 
MELCHERJ,C., ARMITAGE KB. & PORTER W.P. 1990. Thermal influences on the activity and energetics of yel1ow-bellied 

mannots (Mtlrmota fltrviventris). Phys. Zool., 63: 803-820. 
MURIE J.O. & BOAG D.A. 1984. The relationship of body weight to overwinter survival in Columbian ground squirrels. 

]. Mtlmmal., 65: 688-690. 
SALSBURY C.M. & ARMITAGE K.B. 1995. Reproductive energetics of adult male yellow-bellied marmots (Marmota 

flaviventris). Can.]' 2001., 73: 1791-1797. 
SCHWAI{lZ O.A. & ARMITAGE KB. 2002. Correlations between weather factors and life-history traits of yel1ow-belIied 

marmots. In: Holaretic marmots as a factor of biodiversity, Armitage KB. & Rumiantsev V. Yu. eds., 345-351. 
SCHWARTZ O.A., ARMITAGE KB. & VAN VUREN D. 1998. A 32-year demography of yellow-bellied mannots (Marmota 

flaviventris). f. Zool. Lond., 246: 337-346. 
VALENTSEV A.5., TOKARSKI V.A. & MOSOLOV V.1. 1996. The current status of black-headed marmots populations on 

Kamchatka. In: Biodiversity in Marmots, Le Berre M., Ramousse R. & Le Guelte L. eds., 261-264. 
VAN VUREND. & ARMITAGE KB. 1991. Duration of snow cover and its influence on life-history variation in yellow

bellied marmots. Can. f. Zoo I., 69: 1755-1758. 
WOODS B. 2001. Diet and Hibernation of Yellow-bellied Marmots: 'Nhy Are Marmots So Fat? PhD. dissertation, University 

of Kansas, USA. 

SALSBURyC.M. & ARMiTAGE K.B. 


	Butler University
	Digital Commons @ Butler University
	2003

	Varriation of growth rates in yellow-bellied marmots
	Carmen M. Salsbury
	K. B. Armitage
	Recommended Citation


	tmp.1260389747.pdf.W8B5k

