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Condition-dependent reproductive success in bighorn
ewes
Abstract
Individual bighorn ewes (Ovis canadensis) at 4±14 years of age were 1.5% heavier
preceding years when they weaned a lamb than preceding years when their lamb died
before weaning. Intra-individual differences in mass between years of successful and
unsuccessful reproduction appeared independent of a ewe's multiyear average mass.
Relative mass loss both in the winter before and in the winter after a given reproductive episode increased with reproductive success. Long-term monitoring of
individual mass and reproductive success is a promising technique to study life
histories in capital breeders, because it allows to partially account for differences in
reproductive potential.
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INTRODUCTION

Characters that affect individual reproductive success are of
great interest for evolutionary ecology and for population
dynamics. Body mass may affect an individual's probability
of survival and reproduction (Berger 1989; King et al. 1991;
Dobson & Michener 1995; Illius et al. 1995). Body mass has
two major components: skeletal size and body composition, including different relative amounts of muscle,
adipose, and other tissues. Skeletal size and body composition can have different effects on reproductive success and
may respond to different selective pressures. Although
methods exist to evaluate fat content of live animals
(Gerhart et al. 1991; Chan-McLeod et al. 1994; Arnould et al.
1996), none are easy to use in the field, particularly in
situations where captured animals cannot be confined or
reliably recaptured at predetermined times. Morphometric
methods such as condition indices based on feeling the
animal's body (Gerhart et al. 1997) or on dividing mass by a
skeletal measurement (Dobson & Michener 1995) may not
be very accurate (Cattet et al. 1997).
Mass of adult bighorn sheep (Ovis canadensis Shaw)
ewes has a positive effect on subsequent ability to
reproduce, and lactation has a negative effect on year-toyear mass changes. Compared with heavy ewes, light ewes
suffer greater mass and fitness costs of reproduction, and
the advantage of large mass increases with population
density (Festa-Bianchet et al. 1998). That study, however,
could not distinguish between the effects of size and those
#1998 Blackwell Science Ltd/CNRS

Ahed
Bhed
Ched
Dhed
Ref marker
Fig marker
Table marker
Ref end

of body condition: a large ewe in poor condition could
have the same mass as a small ewe in good condition. The
ewe in good condition should have greater reproductive
success than the one in poor condition (Doughty & Shine
1997). Here, I use repeated observations of the same
individuals to test whether body condition affects
individual reproductive performance. Long-lived animals
offer the opportunity to use each individual as its own
Ref start
control to assess the role of body condition in reproductive success. I expected that ewes would have greater
reproductive success following years when they were
heavy relative to their multiyear average mass. To explore
the relationships between reproduction and changes in
mass, I also compared different levels of reproductive
success to relative mass loss in winter.
STUDY AREA AND METHODS

Marked bighorn ewes were monitored at Ram Mountain
(528N, 1158W, elevation 1082±2173 m), Alberta, Canada,
from 1973 to 1997. Body mass was adjusted to June 5 and
to September 15 each year using each ewe's individual rate
of mass gain, determined from repeated weightings
during the summer. Most ewes were caught at least three
times each summer and only ewes with one capture within
50 days of the adjustment dates were included. Reproductive status was assessed through udder examination at
capture and from observations of lamb±ewe interactions.
Ewe summer mass gain is linear when plotted over the
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square root of capture date: further details are in FestaBianchet et al. (1996). Relative mass loss during winter was
the proportion of a ewe's mass on September 15 that she
had lost by June 5 the following year. To compare mass
and reproductive success for each ewe, her average mass
adjusted to September 15 in year x according to her
reproductive success in year x + 1 was calculated. Ewes
aged 4±14 years were included. Younger and older age
classes were excluded because of strong age effects on mass
(Festa-Bianchet et al. 1996; BeÂrubeÂ 1997). Adult body mass
was calculated by averaging all mass measurements
adjusted to September 15 while the ewe was 4±14 years
old. The following categories of reproductive success were
considered: barren (no evidence of lactation), summer loss
(the ewe gave birth to a lamb that died before October; in
most cases the lamb died at or soon after birth), weaned a
lamb (the lamb survived to October, then died overwinter),
and lamb survival to 1 year. Data were available from 132
individual ewes, each contributing an average of 5.2 years
of data (SD = 2.49, range 2±11). Paired t tests were used to
compare levels of progressively higher reproductive
success. Repeated-measures ANOVA were unfeasible
because data on all four categories of reproductive success
were available for less than 20 individuals. Means are
reported + SD and all tests are two-tailed.
RESULTS

The average mass adjusted to September 15 for ewes
included in this analysis was 70.3 + 4.7 kg (range 57±84

kg). Although individuals were on average 1.5% lighter
preceding years when they were barren than preceding
years when they lactated but failed to wean lambs, this
trend was not significant, possibly because of wide
individual variation (Table 1). Data for barren ewes were
few because almost all ewes aged 4±14 years produced
lambs (BeÂrubeÂ et al. 1996). Ewes were about 1.5% lighter
preceding years when their lamb died during summer than
preceding years when their lamb survived to weaning,
whereas there were no mass differences according to
whether the ewe's lamb did or did not survive the winter
(Table 1). The difference in individual mass between years
when the ewe did and did not wean a lamb was not related
to her average body mass on September 15 between 4 and
14 years of age (linear regression, N = 97 ewes, P = 0.23).
Therefore, a single extra kilogram of mass by midSeptember appeared to affect a ewe's chances of weaning a
lamb the following year, regardless of her average
adult mass.
Relative winter mass loss averaged 19.5% of the ewe's
mass in mid-September, and was greater if the following
year the ewes lactated than if they were barren (Table
2a). Parturient ewes lost more mass preceding years when
they weaned a lamb than preceding years when their lamb
died before weaning (Table 2). For ewes that weaned
lambs, relative mass loss during the following winter was
3.1% greater in years when the lamb survived to 1 year
(average loss of 20.9% of September 15 mass) than in
years when the lamb died overwinter (average loss of
17.8%) (Table 2b).

Table 1 Differences in body mass adjusted to September 15 (kg + SD) for individual bighorn sheep ewes aged 4±14 years at Ram

Mountain, Alberta, according to reproductive success the following year
Intra-individual comparison

Barren versus summer loss
Summer loss versus weaned lamb
Weaned lamb died overwinter versus lamb survival to 1 year

Mass difference

No. ewes

paired t

P

±1.04 + 5.61
±1.06 + 3.79
±0.36 + 3.35

22
84
41

0.866
2.579
0.686

0.40
0.01
0.50

Table 2 Effects of reproduction on relative mass loss from September 15 to June 5 the following year for individual bighorn sheep ewes

at Ram Mountain, Alberta. Values (% + SD) indicate the difference between two negatives: for example individual ewes lost 5.1% more
of their September 15 body mass if the next summer their lamb died before weaning than if they were barren, and lost 3.1% more mass
during winters when their lamb survived to 1 year than when their lamb died before the following June
Intra-individual comparison

(a) Winter before reproduction
Barren versus summer loss
Summer loss versus weaned lamb
Weaned lamb died overwinter versus lamb survival to 1 year
(a) Winter after reproduction
Barren versus summer loss
Summer loss versus weaned lamb
Weaned lamb died overwinter versus lamb survival to 1 year

Difference in
relative loss

No. ewes

paired t

P

0.051 + 0.106
0.024 + 0.066
±0.016 + 0.065

20
78
39

2.135
3.126
1.518

0.046
0.008
0.14

±0.007 + 0.084
±0.010 + 0.074
0.031 + 0.0870

20
84
44

0.375
2.180
2.375

0.71
0.24
0.022
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DISCUSSION

Body condition in late summer appeared to affect
reproductive success, because ewes were 1.5% heavier
in mid-September preceding years when they weaned
lambs than when their lambs died before weaning. The
small difference in mass suggests that minor yearly
differences in body condition may affect reproductive
success, but the wide individual variation also indicates
that much variation in reproductive success is unrelated to
body condition. Because of wide inter-individual variation
in adult body mass (Festa-Bianchet et al. 1996), it would
have been impossible to detect the small effects of body
condition on reproduction without comparing repeated
measurements of the same individuals.
For capital breeders, manipulations of energy stores
and monitoring of subsequent reproduction and body
condition provide valuable insights into the evolution of
reproductive strategies (Doughty & Shine 1997).
Although experimental manipulations are desirable, they
are logistically problematic for mammals. Long-term
monitoring of individual reproductive success and body
mass is also a valid technique to investigate reproductive
strategies in capital breeders. Data on individual body
mass or condition may partly control for the individual
differences in reproductive potential that often invalidate
nonexperimental approaches to life-history evolution
(Reznick 1985). Long-term studies of vertebrates can
compare body condition and reproductive success of the
same individual in different reproductive seasons. This
approach is limited by the practical difficulties of
observing different levels of reproductive success for
each individual, and cannot take into account the effects
of environmental variations in resource abundance or
population density (Festa-Bianchet et al. 1998), but it is a
valuable addition to a more general approach of including
individual mass in multivariate analyses of reproductive
success. For bighorn sheep, year-to-year differences in
mass have a small but significant effect on a ewe's ability
to reproduce successfully. Because only adult ewes were
included in this analysis, it is reasonable to assume that
year-to-year differences in mass were mostly due to
differences in fat and muscle tissue accumulation and
therefore in body condition.
The effects of body condition did not vary with average
body mass, therefore interindividual body mass effects on
reproductive success (Festa-Bianchet et al. 1998) may be
due mostly to differences in skeletal size. Both large size
and good condition have positive effects on reproduction.
Successful reproduction may depend partly on the
amount of maternal investment before and just after
parturition: ewes lost less mass preceding years when their
lamb died during summer compared with before they
#1998 Blackwell Science Ltd/CNRS

weaned a lamb. High maternal expenditure during
gestation or early lactation may both increase maternal
mass loss from September to June and enhance lamb
survival (Festa-Bianchet & Jorgenson 1998).
Following summers when they weaned lambs, ewes lost
a greater proportion of their mass overwinter if their lamb
survived than if it disappeared during winter. Experimental early weaning had a negative effect on development of male lambs (Festa-Bianchet et al. 1994). The
results presented here confirm that maternal care continues into autumn, and that this late care increases
overwinter mass loss.
ACKNOWLEDGEMENTS

I thank Jon Jorgenson and Bill Wishart for their pivotal
contributions to the Ram Mountain study. The manuscript was improved by critical comments from W. King,
M. Lambrechts, and an anonymous reviewer. Financial
support was provided by the Natural Sciences and
Engineering Research Council of Canada, the Alberta
Natural Resources Service, the Alberta Recreation,
Sports, Parks and Wildlife Foundation, the Foundation
for North American Wild Sheep, the Fonds pour la
Formation de Chercheurs et l'Aide aÁ la Recherche
(QueÂbec) and the UniversiteÂ de Sherbrooke. This is
contribution number 121 of the Groupe de recherche en
eÂcologie, nutrition et eÂnergeÂtique.
REFERENCES
Arnould, J.P.Y., Boyd, I.L. & Socha, D.G. (1996). Milk
consumption and growth efficiency in Antarctic fur seal
(Arctocephalus gazella) pups. Can. J. Zool., 74, 254±266.
Berger, J. (1989). Female reproductive potential and its apparent
evaluation by male mammals. J. Mammal, 70, 347±358.
BeÂrubeÂ, C.H. (1997). Les strateÂgies d'adaptation vitale chez les
brebis du mouflon d'AmeÂrique (Ovis canadensis): la reproduction en fonction de l'aÃge. PhD thesis, UniversiteÂ de
Sherbrooke, Sherbrooke, Canada.
BeÂrubeÂ, C.H., Festa-Bianchet, M. & Jorgenson, J.T. (1996).
Reproductive costs of sons and daughters in Rocky Mountain
bighorn sheep. Behav. Ecol., 7, 60±68.
Cattet, M.R.L., Atkinson, S.N., Polischuck, S.C. & Ramsay,
M.A. (1997). Predicting body mass in polar bears: is
morphometry useful? J. Wildlife Manage., 61, 1083±1090.
Chan-McLeod, A.C.A., White, R.G. & Holleman, D.F. (1994).
Effects of protein and energy intake, body condition, and
season on nutrient partitioning and milk production in
caribou and reindeer. Can. J. Zool., 72, 938±947.
Dobson, F.S. & Michener, G.R. (1995). Maternal traits and
reproduction in Richardson's ground squirrels. Ecology, 76,
851±862.
Doughty, P. & Shine, R. (1997). Detecting life history tradeoffs: measuring energy stores in ``capital'' breeders reveals
costs of reproduction. Oecologia, 110, 508±513.

Paper 023 Disc
94 Marco Festa-Bianchet

Festa-Bianchet, M. & Jorgenson, J.T. (1998). Selfish mothers:
reproductive expenditure and resource availability in bighorn
ewes. Behav. Ecol., 9, 144±150.
Festa-Bianchet, M., Jorgenson, J.T. & Wishart, W.D. (1994).
Early weaning in bighorn sheep, Ovis canadensis, affects
growth of males but not of females. Behav. Ecol., 6, 21±27.
Festa-Bianchet, M., Jorgenson, J.T., King, W.J., Smith, K.G. &
Wishart, W.D. (1996). The development of sexual dimorphism: seasonal and lifetime mass changes of bighorn sheep.
Can. J. Zool., 74, 330±342.
Festa-Bianchet, M., Gaillard, J.-M. & Jorgenson, J.T. (1998).
Mass-and density-dependent reproductive success and reproductive costs in a capital breeder. Am. Natur., in press.
Gerhart, K.L., White, R.G. & Cameron, R.D. (1991). Estimating body composition of caribou and reindeer using
bioelectrical impedance analysis and body condition scores.
Rangifer, 12, 185±186.
Gerhart, K.L., Russell, D.E., DeWetering, D.V., White, R.G. &
Cameron, R.D. (1997). Pregnancy of adult caribou (Rangifer
tarandus): evidence for lactational infertility. J. Zool., 242, 17±30.
Illius, A.W., Albon, S.D., Pemberton, J., Gordon, I.J. & CluttonBrock, T.H. (1995). Selection for foraging efficiency during a
population crash in Soay sheep. J. Anim. Ecol., 64, 481±492.

King, W.J., Festa-Bianchet, M. & Hatfield, S.E. (1991).
Determinants of reproductive success in female Columbian
ground squirrels. Oecologia, 86, 528±534.
Reznick, D. (1985). Costs of reproduction: an evaluation of the
empirical evidence. Oikos, 44, 257±267.
BIOSKETCH
M. Festa-Bianchet's long-term research program on individually marked ungulates aims at understanding the selective
pressures that shape life-history evolution and at identifying
the factors responsible for changes in population size. His
interests include social behaviour, population dynamics, and
reproductive strategies. His research also has a strong applied
component as he is very interested in the conservation and
management of biodiversity in mountain ecosystems.

Manuscript received 24 March 1998
First decision made 11 May 1998
Manuscript accepted 29 June 1998

#1998 Blackwell Science Ltd/CNRS

