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There are two main theories explaining offspring sex biases in polygynous
mammals. Trivers and Willard (1973) argue that mothers with greater reproduc-
tive resources should invest in the sex with the greater variance in reproductive
success, usually sons. In contrast, because daughters in many polygynous mam-
mals stay with their mother and compete with her for food, Local Resource Com-
petition theory (e.g. Clark, 1978; Silk, 1983) predicts that the mothers with the
greatest reproductive resources should invest in daughters. We investigated the
strategy of sex allocation of a captive, outdoor population of 139 mouflon moth-
ers, Ovis musimon, kept in a game state. A complex picture emerged in which, de-
spite weight and body condition being correlated with age in female mouflons,
mothers lambed more daughters with increasing age but also, within a given age,
gave birth to more sons with increasing weight. Results may be useful in game
management aimed at increasing the recruitment or quality of males in managed
populations.

Key words: Parental investment, reproduction, sex ratio variation, birth
sex ratios, mouflon, Ovis musimon, Local Resource Competition strategy, Triv-
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There is clear evidence of biases in offspring sex ratio in mammals (Clut-
ton-Brock and Iason, 1986). One of the earliest and most important theories to ac-
count for such biases is that proposed by Trivers and Willard (1973: the ‘Trivers—
Willard model” or TWM). They suggested that in polygynous species, a son in
good condition at the end of maternal investment should produce more offspring
than a daughter in similar condition, whereas the daughter is expected to produce
more offspring if both are in poor condition. Therefore, providing that (a) female
investment does influence offspring quality, (b) gains from extra parental invest-
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ment persist into adulthood, and (c) similar differences in phenotypic quality have
an effect on male reproductive success greater than on that of females, high-quality
mothers (i.e. those with greater reproductive resources) should invest more in sons
than in daughters (Trivers and Willard, 1973). Natural selection would, therefore,
favour a maternal ability to adjust the sex ratio of offspring depending upon the
ability of the mother to invest. Such is the case in red deer, where high-ranking
females show a more male-biased sex ratio than subordinate females because their
sons benefit more than daughters from extra parental investment in terms of adult
reproductive success (Clutton-Brock et al., 1984).

In ungulate species where TWM assumptions are met, mothers show a
bias in investment towards males either via birth sex ratios, or amount of mater-
nal care (reviewed by Hewison and Gaillard, 1999). One of the predicted conse-
quences of the TWM in these cases is that mothers should incur a greater cost in
producing a son than a daughter, and that the effects of such costs should be
greater for low-quality than for high-quality mothers. Thus, Gomendio et al.
(1990) found that subordinate mothers paid a greater cost in terms of survival
and subsequent reproductive success when producing the sex benefiting most
from parental investment than the sex benefiting less, whereas no such difference
was found in dominant mothers. In addition, Arnbom et al. (1994) found that off-
spring sex ratio increased with maternal weight above a threshold, below which
smaller females had not enough reserves to produce a son.

Clark (1978) and Silk (1983) have argued that when resources are limited
locally, a female’s fitness can be influenced by her success in obtaining access to
these resources and by the competitive success of her offspring (the ‘local re-
source competition’ model or LRC). Therefore, because daughters in many poly-
gynous mammals stay with their mother and compete with her for food, only
high-quality females are likely to have daughters. Silk (1983) suggested that the
greater harassment of dominant mothers towards the daughters of subordinate
mothers rather than towards their sons, forced such mothers to bias their off-
spring sex ratio at birth towards males. Thus, it is the cost of having daughters
rather than sons that drives maternal adjustment of offspring sex ratios. High-
quality mothers should have a female biased offspring sex ratio and low-quality
mothers a male biased ratio in direct contrast to the predictions of the TWM.

Other workers have argued that high-quality mothers should produce more
daughters than sons. Verme (1983) and DeGayner and Jordan (1987) proposed
that high-ranking deer females should invest in daughters because they are able
to control good breeding sites that can pass to their daughters, thereby influenc-
ing their reproductive success, but not to their sons as the males disperse from
the natal area (the ‘advantaged daughter hypothesis’; reviewed in Hiraiwa-
Hasegawa, 1993). It has also been suggested that, despite males may have a
greater reproductive success, the influence of maternal investment should be
measured in terms of reproductive value and not reproductive success (Leimar,
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1996). If quality is maternally transmitted so that reproductive value is higher for
daughters, high-quality mothers should invest more in daughters. This has been
termed the ‘advantaged matriline hypothesis’ (Hewison and Gaillard, 1999) and
is considered to be a corollary of the previous hypothesis.

As well as studies focusing on the effects of the above strategies at the in-
dividual level, others have reported birth sex biases at the population level
(McCullough, 1979; Pederson and Harper, 1984; Hoefs and Nowlan, 1994;
Kruuk et al., 1999; Post et al., 1999).

In addition to theories predicting opposite biases in sex ratios, Williams
(1979) postulated that polytocous species (more than one offspring per litter)
should invest their reproductive resources both in a progressive bias towards a
particular sex and in larger litters. Thus females bearing similar litter sizes will
have more offspring of the most expensive sex the greater their reproductive re-
sources, but will attempt to have a larger litter size of the least expensive sex if
they can (therefore if, for example, males are more expensive, a scales of 1 fe-
male — 1 male — 2 females — male and female — 2 females would correlate with
increasing body condition).

Evidence from ungulate studies provide support for both the TWM and
LRC positions (e.g. Verme, 1969, 1985; Ozoga and Verme, 1986; DeGayner and
Jordan, 1987; Burke and Birch, 1995; Bérubé et al., 1996; Cassinello and
Gomendio, 1996; Kojola, 1997; Kruuk et al., 1999; Post et al., 1999). In pri-
mates, it appears that Local Resource Competition is more widespread than Triv-
ers—Willard (reviewed in Hiraiwa-Hasegawa, 1993). Van Schaik and Hrdy
(1991) have proposed that the strength of local competition within a population
might force individuals to shift from TWM to LRC strategies.

In this study, we investigated the offspring sex bias of mouflons kept in
large game estates with native vegetation and other outdoor conditions that may
resemble at least specific ecological scenarios of a free-ranging population. Mou-
flons show a spacing pattern similar to most other polygynous ungulates:
daughters stay with their mothers in females groups (Bon et al., 1992), thus com-
peting with her for food, whereas males leave when they are 1-2 years old (Pfef-
fer, 1967). The species is sexually dimorphic (males 4045 kg, females 25—
30 kg; Tomiczek and Tiircke, 1995; Ballesteros, 1998) and there is indirect
evidence that lambs of different sexes require different amounts of maternal
resources (weight at birth: males 3.5 kg, Lopez et al., 1998; females 2.6 kg,
Santiago Moreno et al., 1995, and a higher frequency and duration of suckling
bouts for male than for female lambs, Obregén et al., 1988). The mouflon is,
therefore, an interesting species because there are aspects of its life history that
fit the conditions of both the TWM and LRC. Also, because the mouflon is a
commercial game species, it is relatively easy to obtain access to records of
variables such as age, weight and body condition.
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Methods

The study was carried out in 1996, in the estate of a game management
company sited in Ciudad Real (Centre of Spain), at 38° 40" N, 4° 10" W and
700 m of altitude where individuals were kept near free-ranging conditions in a
50 ha area. Handling of the animals was kept to the minimum required to main-
tain population health and commercial profitability. Supplementary food was
only provided during harsh conditions when naturally available food was lack-
ing. The vegetation on the estate consisted of typical Mediterranean forest con-
taining mainly evergreen oaks, Quercus rotundifolia, Kermes oak, Quercus coc-
cifera, Aleppo pine, Pinus halepensis, and shrubs such as thyme, Thymus sp.

The subjects of the study were 139 female mouflons: mean age = 3.90 +
0.18 years (range from 1 to 7 years), mean age of females successfully gestating
lambs = 4.36 + 0.21 years (n = 90, range 1 to 7 years). Age of females were
know from pedigree. Near the end of gestation, females were transferred to a set
of 5 ha parks, where they remained until a few days after lambing so that peri-
natal lamb deaths were reduced and parturition problems solved. In order to re-
duce the lambing period, the company followed a protocol for synchronisation of
the oestrus of the females by means of FGA, a progesterone-like synthetic hor-
mone. We had no way of testing whether oestrus synchronisation influenced the
sex ratio, however, we can find nothing in the literature to suggest such an effect.
As Table 1 shows, litter size in this species usually varies between 1 and 3
lambs, although most females gave birth to single or twin lambs.

At around the time of conception female mouflons were weighed, and
their body condition assessed by an experienced veterinarian using the method
developed for sheep by Russel (1984; scoring from 1 to 5 with increasing body
condition). By daily searching the lambing parks, we identified the sex of the
lambs shortly after birth (by visual examination or using minimal handling). Un-
fortunately, as we were not allowed to manipulate them or transport them to the
balances in the handling premises, we could not determine their weight.

Relationships between continuous variables such as fecundity (number of
lambs born including O values), age, weight, etc. were assessed with parametric
correlations using 2-tail tests. Because the sample size of primiparous females
was very small (n = 8), non-parametric ANOVAs (Meddis, 1984) were used to
assess differences in weight, age and body condition between primiparous and
multiparous females. Chi-square tests were used to assess differences in the sex
ratio of primiparous and multiparous females.

A multiple logistic regression model (Netter et al., 1996) was used to test
for the effects of litter size and the age, weight, and body condition on the pro-
portion of males in the litters, thus permitting the significance of each variable to
be assessed after allowing for the effects of other correlated variables. A back-
wards stepwise procedure was used to select a final model, basing significance
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tests on the change in deviance on removing terms to the model, which is ap-
proximately distributed as a chi-square with the appropriate degrees of freedom.
There was evidence that the data were more variable than would be expected
from a binomial distribution (residual deviance of best-fitting model 107.22 with
85 d.f., P =0.052), and so William’s method (Collett, 1991) was used to correct
for overdispersion, in order to prevent exaggeration of significance levels. The
final model was checked for both interactions between, and non-linearity within,
any of the variables.

Results

Mouflon mothers increased their reproductive resources (energetic re-
serves) with age, as both weight and body condition correlated with it (correla-
tion between weight and age, r = 0.621, p < 0.001; body condition and age, r =
0.551, p < 0.001; weight and body condition, r = 0.568, p < 0.001; n = 139).
Weight, body condition, and age correlated with fecundity (correlation between
fecundity and age, r = 0.281, p < 0.01; fecundity and weight, r = 0.399, p <
0.001; fecundity and body condition, r =0.292, p < 0.001, n = 139; Table 1).

The stepwise logistic regression model of sex ratio was statistically sig-
nificant (deviance = 26.83, d.f. =4, p < 0.001) and showed that sex ratio was af-
fected by litter size, age and weight of the mother at mating, but not by body
condition (Table 2). The effect of weight increased the likelihood of having a
male, whereas that of age and litter size had the opposite effect (Table 2 and
Figs 1 and 2). The effect of age was not completely linear and adding a quadratic
term significantly improved the fit of the model. The fitted quadratic curve indi-
cated that the proportion of male lambs, after allowing for the other variables in
the model, was approximately constant up to about five years, but then declined
rapidly. There were no significant interaction terms: in particular the interaction
between age and weight was non-significant.

Despite the small sample size of primiparous females (n = 8), the primipa-
rous females that lambed successfully weighed less at mating than multiparous
ones (primiparous, 27.2 + 0.4 kg, n = 8, multiparous, 30.6 £ 0.38 kg, n = 82, non-
parametric ANOVA, Z = 3.612, p < 0.001) and scored lower in body condition
(Z=2.622, p <0.01). However, no difference in sex ratio was found either after
adjustment for the other factors in the model (Table 2) or without any adjustment
(¢’ =0.39, 1 d.f. ns; sex ratio of primiparous females = 0.66, number of lambs =
9, sex ratio of multiparous females = 0.50, number of lambs = 111).
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Fig. 1. Proportion of males in relation to maternal age and weight at mating for single (n = 63) and
twin (n = 24) births (N.B. there were only three triple births). The surface corresponds to the fitted
logistic curve P = exp (eta) / (1 + exp (eta)), where P is the proportion of males in a litter and eta
equals, respectively, for litters of size 1 and 2, eta (1) =—6.50544 — 0.395763 age + 0.216859
weight + 2.58799; eta (2) = —6.50544 — 0.395763 age + 0.216859 weight + 0.929001. Although for
clarity, the values have been computed for the full range of weight and age shown by successful
breeding females, note that some values are very unlikely (e.g. the heaviest females within younger
classes and vice versa)

Acta Veterinaria Hungarica 49, 2001



264 LANDETE-CASTILLEJOS et al.

Frequency of mouflon mothers

No. of individuals

29

30
Weight (kg)

35

Frequency of sons

No. of individuals

29

Age (yr)

30
Weight (kg)

35
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Frequency of daughters

No. of individuals

29
30
Weight (kg)

35

Fig. 2. Number of mouflon mothers and their sons and daughters born from individuals in every
age and weight class. Both age and weight have been rounded to their nearest integer

Discussion

Our data on the sex ratio of mouflon offspring reveal a complex picture
with older mothers showing a bias towards daughters but also, within a given age
group, heavier mothers revealing a bias towards sons. This may reflect differ-
ences between the sexes in their short and long-term costs to the mother rather
than on a strategy aimed to optimise the lifetime reproductive success of off-
spring, as predicted by TWM and LRC/advantaged daughter hypothesis.

Proximate costs of producing a son seem to be greater than those of pro-
ducing a daughter in many sexually dimorphic ungulates. Clutton-Brock et al.
(1981) found that female red deer transfer a greater proportion of their body re-
serves to sons than to daughters and Gomendio et al. (1990) reported that subse-
quent survival of subordinate red deer mothers is depressed more by having a
son than by having a daughter. In Rocky Mountain bighorn sheep, closely related
to the European mouflon, ewes that weaned a son were less likely to reproduce
successfully the following year, lambs were more likely to survive their first year
if born after a daughter than if born after a son, and ewes were unlikely to have
sons on consecutive years (Bérubé et al., 1996). In addition, male lambs suckled
their mothers for longer and more frequently than female in Spanish populations
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of mouflons (Obregodn et al., 1988), a behaviour also found in red deer and which
is believed to indicate a greater transfer of nutrients to sons (Clutton-Brock et al.,
1982). The effect of mother weight on offspring sex ratio at birth (after correct-
ing for age and litter size) suggests that mouflons may be showing a similar pat-
tern to that found in deer and other ungulates. Thus, lighter females would be
more likely to have daughters to avoid the higher raising costs (e.g. greater birth
weight and suckling demands) associated with sons. This might also explain the
negative correlation between litter size and a male-biased sex ratio in the off-
spring: i.e. the larger the litter size, the less is available for the greater require-
ments of sons. Although the bias shown may be coupled with a greater invest-
ment in males with increasing weight, which in turn is likely to increase the life-
time reproductive success of male mouflons, this is not the whole story as other-
wise the larger females in absolute terms (also the older) would be the most
likely to have sons.

Despite the correlation between weight and age, mouflons also showed an
increasing birth sex bias towards females the older they were, after correction for
weight and litter size. Although mouflon daughters appear to be less expensive to
rear than sons, they stay with their mothers and hence constitute a greater long-
term cost. Mouflon mothers may give birth to more daughters as they age be-
cause their expected reproductive success (reproductive value) also decreases
with age and hence their fewer remaining breeding opportunities means reduced
impact of their philopatric daughters.

This effect on sex ratio at birth may also be a strategy to influence the
lifetime reproductive success of daughters by transmitting dominance or some
other quality trait, or allowing them to inherit breeding sites. Although our re-
sults do not allow to discriminate between these hypothesis, a strategy to opti-
mise LRS based on inheritance of breeding sites or quality seems less likely than
a response to long-term costs because, for animals of a similar age, heavier fe-
males are more likely to have such attributes to pass to their daughters and yet
these females bear sons. In addition, although the age effect observed is com-
patible with LRC, our data do not seem to support the harassment mechanism
proposed for this theory. Silk (1983) argued that subordinate females would not
be able to withstand the harassment of their daughters by dominant females, and
hence only the dominant (usually the heaviest) females could afford to have
daughters. In our case, the heaviest mouflon mothers for any given age are more
likely to give birth to sons.
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