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We studied long-term cohort effects on chest girth and horn length in a recently established 
popUlation of alpine ibex (Capra ibex ibex). Environmental conditions of the year of birth 
affected chest girth and first-annual increment of horns of males but did not affect chest 
girth and horns of females. Females compensated for a slow horn growth during their 1st 
year of life, whereas males did not. Level of polygyny of the species and environmental 
conditions experienced by the population could account for the occurrence of long-term 
cohort effects in male growth and its absence in female growth. Abundance of food re­
sources throughout the study period allowed females to show compensatory growth. How­
ever, evolutionary constraints on growth that may exist in males of polygynous species 
may have prevented males from showing compensatory growth. 
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Recent studies on ungulates have empha­
sized the importance of cohort effects (in­
fluence of the year of birth) on several life­
history traits, including birth weight, post­
natal growth rate, survival rate during the 
first winter, age of first reproduction, and 
adult survival (e.g., Albon et al., 1987; An­
dersen and Linnell, 1997; Gaillard et aI., 
1993a). Cohort effects generally are consid­
ered to act through environmental factors 
influencing maternal condition that deter­
mines quality and quantity of early mater­
nal care. These result in variations in birth 
weight and postnatal growth rate. Environ­
mental conditions during the year of birth 
may have short or long-term effects. Short­
term cohort effects result in numerical ef­
fects by determining number of individuals 
of a cohort to be recruited in the population, 
whereas long-term effects influence phe­
notypic quality of adults and thereby may 
determine reproductive success of individ­
uals from a cohort (Albon et aI., 1992; Gail­
lard et aI., 1997). 

Among the studies focusing on cohort ef-
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fects, some have observed long-term effects 
(Albon et al., 1992; Festa-Bianchet et al., 
1994; Gaillard et al., 1997; Shultz and 
Johnson, 1995) and others have not (Alb on 
et aI., 1992; Bunnell, 1978; Gaillard et al., 
1993b, 1997; Verme, 1963). To account for 
these differences, two non-exclusive causes 
have been proposed. First, environmental 
conditions can be involved. When resources 
are not sufficient, individuals may not be 
able to compensate for initial growth dis­
advantages and conditions experienced dur­
ing early life may affect an individual's 
phenotypic characteristics throughout life 
(Albon et aI., 1992; Gaillard et aI., 1993b; 
Krebs and Cowan, 1962). Second, level of 
polygyny and the associated constraints on 
differential maternal care (Pelabon, 1997) 
may account for differential cohort effects 
according to sex. When between-sex differ­
ences occur in maternal care, extra care of 
male offspring would provide a fitness ad­
vantage to females in higher than average 
body condition (Clutton-Brock, 1991; May­
nard-Smith, 1980; Trivers and Willard, 
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1973). In species with limited sexual selec­
tion, similar extra maternal care toward 
male offspring would not provide any fit­
ness advantage to mothers in better than av­
erage condition (Hewison and Gaillard, 
1996; Verme, 1983). Thus, occurrence of 
long-term cohort effects in male phenotypic 
quality could be related to the level of po­
lygyny of the species and occurrence of 
male-biased maternal care. 

In a recently introduced population of al­
pine ibex (Capra ibex ibex), we investigat­
ed cohort effects on yearling and adult phe­
notypic quality by using chest-girth and 
horn-growth measurements. Ibex are polyg­
ynous with substantial sexual dimorphism 
(Couturier, 1962). We tested the following 
hypotheses. First, because the population 
did not face food constraints, we expected 
male and female ibex to be able to com­
pensate for early growth disadvantages. 
Thus, if long-term cohort effects were 
caused by food shortage, we did not expect 
them to affect this ibex population. Second, 
if long-term cohort effects were related to 
selection on differential maternal care, we 
expected male ibex to be affected by cohort 
conditions throughout life, and no predic­
tion could be stated for females. Finally, if 
both food availability and selection on ma­
ternal care played a role, we expected long­
term cohort effects to act on males more 
strongly than on females. 

MATERIAL AND METHODS 

Study area.-The study area was the BeIle­
donne-Sept-Laux Reserve (lsere, France), man­
aged by the Office National de la Chasse 
(O.N.C.). The Belledonne massif is situated be­
tween the Prealps (Chartreuse, Vercors) and the 
intern Alpine arc. Mean annual temperature was 
6°C, and precipitation averaged 1,700 mm/year 
at 1,000 m above sea level, including substantial 
snow cover. Mean elevation of the study site is 
2,200 m. Most areas occupied by ibex were east 
and south facing, and mean slope was steep (ca. 
90%). We distinguished three habitats. The 
mountain range between 1,000 m and 1,600 m 
was characterized by spruce (Picea abies) and 
beech (Fagus sylvatica)-spruce forests. Sub-al-

pine range between 1,600 m and 2,200 m was 
dominated by bushes (Rhododendron, Vaccin­
ium, and Juniperus) or meadows with Pinus un­
cinata and P. cembro. Alpine ranges with mead­
ows above 2,200 m were characterized by mead­
ows (Michallet et al., 1988). 

Population and site.-The ibex popUlation 
was founded in 1983, with 13 females and 7 
males from the Mont-Pleureur Reserve (Swit­
zerland). After introduction, the population in­
creased and reached ca. 350 animals by summer 
1994. Over 50% of 2-year-old females and 
>80% of females older than 2 years of age had 
young at heel every year (J. MichaIlet, in litt.). 

Ibex have been captured and ear-tagged since 
1986. Animals were captured using several 
methods (capture-gun, cage-trap, and leg-snare) 
approved by the French Environment Ministry. 
At capture, we measured length of both horns 
and chest girth to the nearest 5 mm. We sepa­
rated horn length into two parts: first-annual in­
crement and total horn length minus first-annual 
increment (adult hom length). For each individ­
ual, we used the maximum of both horns. Be­
cause chest girth and adult hom length are influ­
enced strongly by age (Couturier, 1962), all 
analyses on those measures were performed ac­
counting for the effect of log-transformed age. 
Annual increment was the distance between two 
consecutive annuli, represented by straight lines 
perpendicular to the hom and well visible on the 
hom back. Using those annuli, we determined 
age of captured animals and back-calculated to 
year of birth. We conducted separate analyses 
for males and females. We used the first incre­
ments of males and females aged :::;;5 years, but 
not older (because first-annual increment wears 
with increasing age). Horns of females were 
much shorter than those of males and increments 
tend to become smaller and less visible. How­
ever, increments are well marked until 4 years 
of age. Thus, to overcome possible uncertainties 
about cohort determination, we reinforced anal­
yses on females with analyses using only fe­
males aged 1-4 at capture. All animals were 
born in the reserve in 1984-1995, and 12 co­
horts were represented for each sex. 

Meteorological data.-We used meteorologi­
cal data from the Rivier d' Allemont station com­
piled by the French National Meteorological 
Center, Meteo France. The Rivier d' Allemont is 
only 3 km from the reserve at an elevation of 
1,260 m. In temperate mountains like the Alps, 
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influence of weather on life-history traits is like­
ly greatest during winter (when access to vege­
tation is limited by snow cover), and spring 
(when plant growth determines food quantity 
and quality). Specifically, we examined mean 
snow cover during winter prior to birth (Decem­
ber-February), mean temperature during spring 
of birth (April-June), total precipitation during 
spring of birth (April-June), and mean snow 
cover in April prior to birth. 

Data analyses.-To examine if effects of age 
and cohort affected chest girth or adult hom 
lengths, we first conducted an analysis of co­
variance (ANCOVA-Sokal and Rohlf, 1981) 
using GLIM software (Francis et aI., 1993). We 
then tested for an effect of cohort on first-annual 
increment with an analysis of variance (ANO­
VA-Sokal and Rohlf, 1981). Next, we replaced 
cohort effects by meteorological variables and 
performed a stepwise multiple regression with 
backward elimination (Searle, 1971). Testing 
several variables in a single model increases the 
risk of type I errors. To control for this kind of 
error, we used the Cp of Mallows (Mallows, 
1973) for model selection (Burnham and An­
derson, 1992). To test if ibex showed compen­
satory hom growth after 1 year of age, we tested 
for a correlation between adult hom length and 
first-annual increment, after the effect of age 
was removed. For this analysis, we first per­
formed a regression of adult hom length on log­
transformed age and then correlated standard­
ized residuals from this regression with first-an­
nual increment (using STATVIEW-II software­
Feldman et aI., 1987). 

RESULTS 

We used measurements of 100 males 
aged 1-12 years at capture, 48 females aged 
1-14 years at capture, and 36 females aged 
1-4 years at capture. Age and cohort had 
additive effects on chest girth of males (age 
effect: F = 404.62; dj = 1, 83; P < 
0.0001; cohort effect: F = 2.08; dj = 11, 
83; P = 0.03), but only age affected chest 
girth among females (F = 14.85; dj = 1, 
35; P < 0.0001; Fig. 1). We obtained the 
same results with the sample of females 
aged between 1 and 4 at capture (F = 
42.04; d.! = 1,33; P < 0.0001). Only April 
snow depth had a significant, negative, ef­
fect on male chest girth (F = 4.91; dj = 
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FIG. I.-Relationship of girth and age of male 
and female ibex in Belledone, France. 

1, 90; P = 0.029; Table 1). As snow depth 
in April increased, chest girth of males at a 
given age decreased. As expected from the 
absence of cohort effects among females, 
climatic variables had no effect on chest 
girth (Table 1). 

First-annual increment was more variable 
for males than females, all cohorts being 
pooled together (variances of 11.83 and 
3.72, respectively, F = 3.18; dj = 98,32; 
P < 0.0001; Fig. 2). Adult horn length did 
not vary among cohorts but increased with 
age in males (F = 296.72; dj = 1, 70; P 
< 0.0001; Fig. 3) and females (F = 41.75; 
dj = 1, 22; P < 0.0001; Fig. 3). On the 
other hand, the first-annual increment of 
male horns varied among cohorts (F = 
2.90; dj = 5, 43; P = 0.024), but not of 
females (F = 0.43; dj = 11, 22; P = 
0.925). When we replaced cohort by me­
teorological variables, only spring temper­
ature accounted for a significant part (r = 

0.17) of yearly variation in first-annual in­
crement of male horns (F = 5.971; dj = 
1, 65; P = 0.017). First-annual increment 
of males was correlated negatively with 
spring temperature (Fig. 4). Climatic vari­
ables had no effect on the first-annual in­
crement among females (Table 1). 

Standardized residuals of the regression 
of adult horn length on age were correlated 
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TABLE 1.-Cp (Mallows, 1973) for the multiple regression of chest girth and first-annual increment 
of horns with climatic variables for male and female alpine ibex in Belledonne, France. Models 
worse than the complete model (indicating a significant effect of the tested variable) are coded with 
an asterisk (*). For females, results of the analyses using all females and using only females aged 
1-4 years at capture are given. 

Measurement Sex Complete 

Chest girth Male 6.00 
Female 6.00 
Female 

(1-4) 6.00 

First increment 
of horn 

Male 
Female 

5.00 
5.00 

inversely with first-annual increment for 24 
females (r = 0.363; d.! = 1, 22; P = 
0.002) but not for 53 males (r = 0.019; df 
= 1, 53; P = 0.328; Fig. 5). Females ap­
parently compensated for a small first-year 
hom growth. 

DISCUSSION 

We detected long-term cohort effects on 
male but not female adult body condition. 
This result suggests that both food avail­
ability and selection on differential mater­
nal care according to sex are likely to play 
a role in the presence (or absence) of long­
term cohort effects. Indeed, the ibex popu-
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FIG. 2.-Length of first-annual increment of 
horns of male and female ibex in Belledone, 
France. Standard error is represented by the ver­
tical bars. 

Model 

Without Without Without Without 
spring spring winter snow- April 

temperature precipitation depth snow-depth 

4.65 4.94 4.28 8.90* 
4.01 4.205 4.03 5.36 

4.00 4.01 4.15 4.03 

9.33* 3.43 3.04 3.97 
4.90 3.09 3.42 3.07 

lation we studied was young, and available 
data indicate that it was not resource-lim­
ited. Adult survival was high (0.97), con­
stant over time, and similar for males and 
females (Tolgo et aI., 1997). Population 
growth rate was high (Tolgo et aI., 1996), 
and reproductive success of adult females 
also was high (J. Michallet, in litt.). Con­
sequently, individuals should have been 
able to compensate for early growth dis-
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FIG. 3.-Relationship of adult hom length (to­
tal hom length minus first-annual increment) and 
age of male and female ibex in Belledone, 
France. 
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FIG. 4.-Relationship between first-annual in­
crement of male ibex and spring temperature in 
Belledone, France. 

advantages. Our analyses on female growth 
fit these expectations. Thus, the abundant 
food supply in the study area apparently al­
lowed compensatory growth to occur in fe­
males. However, despite abundance of food 
resources, males with low early growth 
were not able to catch up to males with high 
early growth, even in adulthood. Thus, evo­
lutionary constraints may act on males to 
prevent compensatory growth. These con­
straints may have evolved because of male­
biased maternal care and polygyny of ibex. 
Indeed, observations conducted during 3 
consecutive breeding periods on suckling 
behavior suggested that females tend to 
provide more maternal care to sons than 
daughters (ToIgo, 1998). On the other hand, 
ibex have a tending mating system, with a 
high level of polygyny for dominant males 
(Couturier, 1962). If mothers tend to pro­
vide extra maternal care to their sons to in­
crease their inclusive fitness, then early ma­
ternal care is likely to be related to adult 
body size. 

Effect of mean snow cover in April on 
male chest girth suggests that duration of 
winter preceding birth may have a delayed 
effect on males by affecting condition of 
the mother. During late gestation and early 
lactation, energy requirements of mothers 
are largely increased (Oftedal, 1984; Rob-
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FIG. 5.-Relationship between standardized 
residuals of the regression of adult hom length 
(total hom length minus first-annual increment) 
on age and first-annual increment for female a) 
and male b) ibex in Belledone, France. 

bins and Robbins, 1979), and several stud­
ies have shown that maternal body condi­
tion during those phases had an important 
impact on birth weight and neonatal growth 
rate of young (Gaillard et aI., 1993a; Rob­
ertson et aI., 1992; Verme, 1963) or milk 
availability (Festa-Bianchet, 1988; Langen­
au and Lerg, 1976). In temperate areas, ma­
ternal body condition has been shown to be 
related to environmental conditions that af­
fected food availability preceding parturi­
tion (Langenau and Lerg, 1976; Robertson 
et aI., 1992; Verme, 1963). If winter is long, 
loss in female body mass will be greater, 
and mothers will not obtain enough avail­
able resources to replenish their forces be-
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fore parturition. Mothers in poor body con­
dition will give birth to lighter young and 
will produce less milk, leading to a slower 
juvenile growth rate and so a lower body 
weight at 1 year of age. After this age, 
small males will have the same growth rates 
as males of other cohorts; they will not 
compensate for their lighter juvenile body 
weight and will remain relatively small. 
Contrary to males, females will be able to 
compensate for delayed growth. 

In contrast to chest growth rate, male 
first-annual increment was not affected by 
winter conditions but by spring tempera­
ture. Surprisingly, the correlation between 
first-annual increment and spring tempera­
ture was negative, whereas a positive rela­
tionship usually relates spring temperature 
to plant quality and quantity (Briihlman and 
Thomek, 1991; Dietl, 1979). In our study, 
it seems that food resources available for 
ibex are less abundant when climatic con­
ditions favor vegetation growth. Our study 
area was used by flocks of domestic sheep. 
When spring temperature is low, snow cov­
er in the areas occupied by ibex during late 
spring and early summer is greater, leading 
sheep to use habitats situated at a low ele­
vation (with less snow cover), where they 
do not compete with ibex. Spring temper­
ature influenced hom growth of males only. 
Two non-exclusive hypotheses could ac­
count for this result. First, the extent of ex­
tramatemal care toward sons could be lim­
ited by environmental conditions (P6labon 
et aI., 1995). Second, horns may have 
evolved different function in males and fe­
males. Female horns may have evolved as 
antipredator weaponry to protect young 
(Geist, 1966), whereas male horns may 
have evolved under sexual selection. Male 
horns are indeed considered to be very im­
portant for reproductive success in sexually 
dimorphic ungulates like ibex (Clutton­
Brock et aI., 1982; Geist, 1974). Secondary 
sexual characters are subject to higher vari­
ability due to environmental constraints. 
When food resources available are scarce or 
of low quality, male ibex may reduce en-

ergy allocated to hom growth to maintain a 
high body growth rate, and thus increase 
the probability of surviving during the 1st 
winter. 
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