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Problems with primate sex ratios

Craig Packer1*, D. Anthony Collins2 and Lynn E. Eberly3

1Department of Ecology, Evolution and Behavior, University of Minnesota, 1987 Upper Buford Circle, St Paul, MN 55108, USA
2Gombe Stream Research Centre, Box 185, Kigoma,Tanzania

3Division of Biostatistics, School of Public Health, University of Minnesota, 2221 University Avenue, Minneapolis, MN 55414, USA

Birth sex ratios of baboons in Gombe National Park, Tanzania, show an overall male bias of ca. 20%, but
there is no obvious explanation for this trend. Individual females did not alter their sex ratios according
to persistent levels of local resource competition. Sex ratios showed an unexpected relationship between
age and rank: subordinate females had more sons when they were young; dominant females had more
sons when they were old. The sex ratio of low-ranking females also varied with the severity of
environmental conditions during pregnancy. Our ¢ndings suggest that mammalian sex ratios might be
the product of more complex processes than is generally recognized or that sex-determining mechanisms
impose su¤cient constraints to prevent adaptive variation in all contexts.
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1. INTRODUCTION

Sex allocation is one of the most productive and provoca-
tive topics in behavioural ecology. Although no one
doubts the power of evolutionary theory to predict the
optimal sex ratios of haplodiploids, virtually every review
of sex ratio variation in birds and mammals has
concluded that chromosomal sex determination presents a
fundamental constraint against signi¢cant deviations
from 50:50 (Maynard Smith 1978; Williams 1979;
Charnov 1982; Clutton-Brock & Iason 1986; Hiraiwa-
Hasegawa 1993). However, a growing list of extra-
ordinary sex ratios has been published in recent years
(see, for example, Komdeur et al. 1997; Kilner 1998;
Sheldon et al. 1999) and indirect evidence is also accumu-
lating of selective abortion or resorption of embryos of
one sex or the other (see, for example, Kruuk et al. 1999).
In addition, studies of transgenic mice have shown that a
transmission ratio distorter (TRD) can successfully alter
the sex ratio: the presence of a TRD on the Y chromo-
some produces twice as many sons as daughters owing to
e¡ects on sperm motility (Herrmann et al. 1999).

Even assuming that individuals can adaptively alter
their sex ratios, published reports often show striking
inconsistencies (see, for example, Clutton-Brock & Iason
1986; Hiraiwa-Hasegawa 1993). However, two important
papers have recently provided plausible explanations for
these apparent contradictions, focusing on predictions
generated by Trivers & Willard’s (1973) hypothesis on the
e¡ect of maternal phenotype on o¡spring sex ratio.

First, Van Schaik & Hrdy (1991) re-examined the
con£icting relationship between dominance rank and sex
ratio in non-human primates. Altmann (1980) had found
that high-ranking female baboons gave birth to a pre-
ponderance of daughters, whereas subordinate females
had more sons (see also Altmann et al. 1988; Simpson et al.

1982). However, Meikle et al. (1984) found that dominant
female rhesus monkeys gave birth to a higher proportion
of sons than did subordinates. Van Schaik & Hrdy (1991)
suggested that these con£icting trends were appropriate
for their respective environments. Where matrilines
compete intensely against each other, dominant females
bene¢t from recruiting more daughters, whereas the juve-
nile daughters of subordinate females are vulnerable to
harassment (Silk 1983). However, where feeding competi-
tion is mild, high-ranking mothers should produce more
males because they could endow sons with rapid growth
and thereby greater competitive ability (as originally
envisioned by Trivers & Willard). Consistent with this
argument was the demonstration by Van Schaik & Hrdy
that the sex ratio of dominant females changed from
female-biased in areas of low population growth to male-
biased in rapidly growing populations.

Second, Kruuk et al. (1999) followed a similar argu-
ment in their long-term study of red deer. On the island
of Rum, high-ranking females gain a greater return from
sons than daughters (and bias their sex ratio accordingly),
but only at low population densities. At high densities,
females of all ranks show a sex ratio close to 50:50.
Kruuk et al. point out that high-ranking ungulates show
male-biased sex ratios only in studies in which the popu-
lation density is below the carrying capacity. Thus their
conclusions are virtually the same as Van Schaik & Hrdy
(1991), except that high-ranking female primates swing
from a female bias to a male bias in richer environments,
whereas high-ranking ungulates swing from an unbiased
sex ratio to a male bias.

Given the repeated ability of behavioural ecologists to
discover individual variations in sex ratio and the consis-
tent pattern in these analyses of primates and ungulates,
adaptive sex ratios might well prove to be more wide-
spread than the early sceptics had considered possible.
Perhaps environmental variations are more important
than anyone had recognized, and the contradictory data
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sets resulted from analyses that were either too coarsely
grained or ignored relevant variables. However, sex-
determining mechanisms might nevertheless impose
serious constraints on individual sex ratiosöconstraints
that can only be overcome under a strong force of
selection.

Here we present results from a long-term study of olive
baboons at Gombe National Park, Tanzania, comparable
in scope with the analyses by Van Schaik & Hrdy (1991)
and Kruuk et al. (1999). We examine a variety of eco-
logical and demographic factors that have been predicted
to in£uence individual sex ratios in these animals, taking
care to determine the interaction between rank and local
resource levels. The Gombe population provides an
important comparison with earlier analyses because
adjacent troops show di¡erences in reproductive rates as
high as those included inVan Schaik & Hrdy’s review.

We also test the models of Fisher (1930) and Clark
(1978) for population sex ratio. Fisher predicted that
parents should invest equally in o¡spring of either sex, so
population sex ratios should be inversely related to the

average costs of raising each sex. Clark pointed out that
members of the philopatric sex are more costly because
they eventually compete against their parents for limited
resources. Species such as olive baboons with female-
biased philopatry should therefore show male-biased
population sex ratios due to `local resource competition’
(LRC). Population sex ratios are often skewed in the
direction predicted by sex-biased natal philopatry
(Clutton-Brock & Iason 1986; Johnson 1988; Gowaty
1993; Hiraiwa-Hasegawa 1993), and LRC is fundamental
to the interpretations of individual sex ratios by Silk (1983)
and Van Schaik & Hrdy (1991).

2. METHODS

Gombe National Park covers 40 km2 of steep valleys running
down from the rift escarpment to the shore of Lake Tanganyika.
The valleys are ¢lled with semi-evergreen forest, and the slopes
and ridge-tops are covered by grassland, savanna woodland and
semi-deciduous forest (Goodall 1986). Members of nine di¡erent
troops are recognized individually from facial features and
natural markings. All major demographic events have been
recorded since 1967; most deaths are inferred from disappear-
ances. Menarche typically occurs during the fourth year of life;
age estimates for females therefore extend to 1963. Dominance
ranks are based on the outcome of aggressive and/or competi-
tive interactions. To facilitate comparisons across troops of
di¡erent sizes, the `relative rank’ was determined for each
female. Relative rank is the proportion of females dominated by
a particular female, thus the top-ranking female in a given
troop has a relative rank of 1.0, and that of the bottom-ranking
female is 0.

The duration of post-partum amenorrhoea depends on infant
survival (Altmann et al. 1978), and the typical birth spacing in
this population is two years (Packer et al. 1995, 1998). Thus we
examine interbirth intervals only after o¡spring that survived to
their second birthday. O¡spring older than two years of age are
considered to be independent of their mother (see Packer et al.
1998). The Gombe baboons show male-biased dispersal: 70% of
males leave their natal troops by their ninth birthday and 100%
by their 12th birthday (Packer et al. 1995), whereas females never
move between pre-existing troops (Packer 1979).

Results are available from nine di¡erent troops, but four of
these split from pre-existing troops in the last few months of the
study. Troop-speci¢c growth rates for these four troops are based
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Figure 1. Sex-speci¢c survival and impact on maternal
reproductive rate or success. Bars indicate standard errors of
the mean; numbers are sample sizes. (a) Survival rates do
not di¡er between males and females during the ¢rst and
second years of life (p 4 0.20). (b) Survival of the next
o¡spring was not signi¢cantly in£uenced by the sex of a
surviving older sibling (p 4 0.20). (c) Interbirth interval
(IBI) was not in£uenced by the sex of a surviving o¡spring
(p 4 0.20).
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Figure 2. The relationship between troop size and interbirth
interval (IBI) after the birth of a surviving o¡spring. IBI
increases signi¢cantly with increasing troop size (REML
estimation, F ˆ 10.02, p ˆ 0.0018).
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on their respective troops of origin. Analysis is based on 686 live
births to 167 females; only one pair of twins has been born in
this population.

All analyses on binary outcomes (e.g. male or female o¡spring,
or survival or no survival to ¢rst birthday) were performed with
marginal generalized linear mixed models (GLMMs) with a
logit link. Such models can account for correlation between the
multiple observations taken on each mother. Model parameters
were estimated with the Generalized Estimating Equations
(GEE) approach (Liang & Zeger 1986) in the SAS analysis
package. A three-dependent (banded Toeplitz) working correla-
tion structure was used, which allows, for example, for the sex of
any o¡spring to be correlated with the sex of any of the three
subsequent o¡spring of the same mother. Signi¢cance of e¡ects
was determined by an approximate Z-test based on GEE’s
empirical (robust) estimates of standard error of the mean.
Results were robust to other choices of correlation structures.

All analyses on the continuous-outcome interbirth intervals
used general linear models (GLMs; Searle et al. 1992) and a

three-dependent correlation structure to account for correlation
between interbirth intervals of the same mother. Interbirth
intervals satis¢ed assumptions of normality. Model parameters
were estimated from residual maximum likelihood (REML),
and the signi¢cance of e¡ects was determined by an approxi-
mate t-test. Results were robust to other choices of correlation
structures.

3. RESULTS

Individuals are expected to gain di¡ering costs and
bene¢ts from a son or a daughter according to their
speci¢c circumstances. We ¢rst consider the environ-
mental and social factors that are likely to in£uence sex
allocation in the Gombe baboons before presenting the
results of the sex ratio analysis.

(a) E¡ects of environmental and phenotypic factors
(i) Inherent attributes of sons versus daughters

Baboons are sexually dimorphic, so males might be
expected to su¡er higher mortality than females
(Clutton-Brock et al. 1985) or to in£ict greater costs on
maternal reproduction (Clutton-Brock et al. 1982).
However, the Gombe males do not su¡er greater
mortality than females in their ¢rst two years of life
(¢gure 1a), nor do they in£ict higher mortality on their
mother’s next o¡spring (¢gure 1b) or take any longer to
`£edge’ than females (¢gure 1c).

(ii) Rainfall patterns
Harsher conditions during pregnancy lowers the sex

ratio in red deer (Kruuk et al. 1999), possibly because
male foetuses are more vulnerable to stress. The dry
season at Gombe runs from June to October, and inter-
birth intervals are longer when lactating females experi-
ence below-average rainfall in the dry season (Packer et
al. 1995). In the following analysis we focus on the e¡ects
of a harsh dry season during pregnancy. A stressful preg-
nancy not only might have a direct in£uence on the sex
ratio but also might a¡ect rates of development in full-
term infants.

(iii) Local resource competition
LRC has been estimated from reproductive per-

formance (Johnson 1988) and from population growth
(Van Schaik & Hrdy 1991) on the assumption that slow
growth re£ects scarce resources. We examined the possible
e¡ects of LRC in three ways. First, the Gombe troops
show persistent di¡erences in growth rate, and females in
the slowest troop also showed the slowest rate of sexual
maturation and the longest interbirth intervals (Packer et
al. 1995). These inter-troop di¡erences have persisted over
decades: the annual growth rate in troop C averaged
1.71% between 1970 and 1996, whereas troop D averaged
9.04% between 1978 and 1996. Second, adding more
females to a troop might increase overall levels of feeding
competition, as suggested by the fact that interbirth inter-
vals become longer in larger troops (¢gure 2). Troops can
grow only through the recruitment of daughters, so troop
size might provide a good estimate of the extent of LRC.
Third, the risk of LRC should be greatest for young
mothers because they are more likely to survive until their
daughters reach maturity (and su¡er from the greatest
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Figure 3. Matrilineal inheritance of female dominance rank.
Relative rank is highly correlated between mothers and
their (a) daughters (r2 ˆ 0.555, n ˆ 97, p 5 0.01, linear
regression), (b) granddaughters (r2 ˆ 0.304, n ˆ 50, p 5 0.01)
and (c) great-granddaughters (r2 ˆ 0.807, n ˆ 12, p 5 0.01).
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cumulative number of daughters) (see Clutton-Brock &
Iason 1986). Although the pattern of maternal investment
in sons and daughters varies with age (see ½ 3(b)), we
could ¢nd no strong evidence that adult daughters
retarded their mother’s reproduction.

(iv) Maternal rank
In£uence of maternal rank on the ¢tness of adult o¡spring

High-ranking females might be better able to
in£uence the ¢tness of daughters (owing to matrilineal
inheritance of rank) than sons (owing to a high degree
of sexual dimorphism and male natal dispersal) (Silk
1983). Female rank at Gombe is highly correlated with
maternal, grandmaternal and great-grandmaternal rank
(¢gure 3). In contrast, male rank is independent of
maternal rank, regardless of age or residence in the
natal troop (¢gure 4). Because maternal rank might
in£uence the behavior of only those males that grew up
together, we examined pairs of same-aged males from
the same natal troop that resided in the same non-natal
troop as adults. However, sons of high-ranking mothers

dominated the sons of low-ranking mothers in only six
out of 18 pairs.

Gombe females attain adult rank by the age of four
years and maintain a similar rank for the rest of their
lives (¢gure 5a). However, overall reproductive perfor-
mance is not strongly correlated with rank in this popula-
tion: high-ranking females enjoy shorter interbirth
intervals and higher infant survival, but they su¡er from
higher miscarriage rates and more frequent reproductive
pathologies (Packer et al. 1995). Instead, female repro-
duction depends on age: females reproduce at a constant
rate until senescence (¢gure 5c) (see also Packer et al.
1998). In contrast, male rank depends on competitive
ability (Saunders & Hausfater 1978; Packer 1979),
reaching a peak after full physical development
(¢gure 5b). Males compete intensively for temporary
`ownership’ of oestrous females, and c̀onsortships’ are
highly correlated with reproductive success (Altmann et
al. 1996). Consorting activity is closely correlated with
dominance (Hausfater 1975; Packer 1979) and shows a
similar change with age (¢gure 5d ).
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Figure 4. E¡ect of mother’s rank on the dominance rank of sons. (a) Males in their natal troop, (b) males in their new troop. To
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sons (p 4 0.10).
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Thus, whereas female rank is largely inherited (¢gure 3),
female ¢tness is in£uenced only slightly by social rank
(Packer et al. 1995). Although male ¢tness is strongly
in£uenced by rank (¢gure 5b,d ), sons do not inherit their
mothers’ rank (¢gure 4).

Maternal rank and sex-dependent productivity of o¡spring
High-ranking females might be better able to rear

daughters (Altmann et al. 1988), perhaps owing to selective
harassment stemming from LRC (Silk 1983). Various
studies have shown that daughters of subordinate females
su¡er the highest mortality of any juveniles (see, for
example, Dittus 1979; Silk et al. 1981), and subordinate
mothers might also su¡er greater costs from raising daugh-
ters than sons (Gommendio et al. 1990). For dominant
females, in contrast, infant mortality might be greater for
sons than for daughters (Altmann et al. 1988). Thus, sub-
ordinate females would often gain a higher productivity
through sons, whereas dominants would gain more
through daughters. However, Van Schaik & Hrdy (1991)
pointed out that these e¡ects are likely to be restricted to
populations with extensive female^female competition.
Where LRC is minimal, low-ranking daughters should

su¡er less harassment and high-ranking mothers might be
better able to enhance the physical development of their
sons (Trivers & Willard 1973).

(b) Multivariate analysis of infant survival
and interbirth intervals

Tables 1 and 2 present the minimal models of a
GLMM analysis of infant survival and a GLM analysis
on interbirth interval. In both analyses we tested for
e¡ects of o¡spring sex, rainfall during the mother’s preg-
nancy, whether the infant was conceived during the dry
season, troop growth rate, troop size, maternal age and
maternal rank. Maternal rank and maternal age were the
only two factors that signi¢cantly in£uenced o¡spring
survival (table 1); there were no signi¢cant interactions
involving the sex of the o¡spring. The analysis of inter-
birth intervals revealed two signi¢cant interactions with
o¡spring sex (table 2). First, as mothers grow older, they
take longer to `£edge’ sons, whereas they £edge daughters
more quickly (¢gure 6a). These ¢ndings suggest that,
whereas mothers become increasingly adept at raising
daughters, they ¢nd it increasingly di¤cult to raise sons.
Second, although dominance rank does not in£uence how
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Figure 5. The e¡ect of age on dominance and reproductive rates in females and males. (a,b) `Relative rank’ is the proportion of
like-sexed individuals dominated by each animal, where the top-ranking female is assigned 1.0 the bottom-ranking female is
assigned 0. Female rank (a) shows no signi¢cant change with age; male rank (b) reaches a peak at the age of ten years, then
declines monotonically (p ˆ 0.0000, analysis of variance). (c) Gross maternity is the number of live o¡spring produced at each
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in old age. (d ) Consorting activity is the proportion of days per month that each male consorted with an oestrous female.
Consorting shows a similar overall pattern to male rank, although it peaks at the age of 11 years.
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long it takes a mother to rear her son, high-ranking
females are able to rear daughters more quickly than are
low-ranking females (¢gure 6b), a trend consistent with
that found by Gommendio et al. (1990). Note that inter-
birth intervals showed no signi¢cant interaction between
o¡spring sex and any of our measures of LRC. This
means that low-ranking mothers in large troops (for
example) found it no more di¤cult to raise daughters
than sons, compared with mothers in small troops.

(c) Sex ratio analysis
The population sex ratio deviated signi¢cantly from

50:50; 55% of 662 live-born infants were male
(w2 ˆ 6.187, p 5 0.02). Five of six stillborn or miscarried
o¡spring were male, suggesting that the primary sex ratio
might be even more male biased than at birth. Although
no factor signi¢cantly in£uenced sex ratio in a univariate
analysis, the GLMM model revealed that maternal rank
interacted signi¢cantly with age and with dry-season
rainfall (table 3). The sex ratio of high-ranking mothers
became male biased as they grew older, whereas the sex
ratio of subordinate mothers was male biased when they
were young (¢gure 7a). The sex ratio of high-ranking
mothers was una¡ected by dry-season rainfall, but low-
ranking mothers shifted their sex ratio from female
biased during harsh years to male biased during mild
years (¢gure 7b).

4. DISCUSSION

None of these data are easy to interpret. The popula-
tion sex ratio is signi¢cantly male biased, but sons and
daughters do not di¡er in infant mortality nor in their
impact on the survival of younger siblings or on their
mother’s subsequent reproductive rate. If we assume a
population-wide e¡ect of LRC from additional females in

each troop (¢gure 2), each female adds only 10.4 days to
an average interbirth interval of 670 days; this is far too
small to account for the 22% excess of males.

Contrary to the assumptions of Van Schaik & Hrdy’s
(1991) meta-analysis, the relative costs of raising sons and
daughters did not vary with changes in LRC as measured
by troop growth rates or by troop size. The relative costs
of daughters and sons did change with maternal age, but
the relationship between age and sex ratio was complex.
Young mothers take longer to rear daughters than to rear
sons, whereas older mothers take longer to rear sons
(¢gure 6a), predicting that mothers should have sons when
they are young and daughters when they are old. Although
young subordinate females did have more sons, their sex
ratios became unbiased as they grew older, whereas domi-
nant mothers had increasingly male-biased sex ratios as
they aged (¢gure 7a). It is therefore unclear whether
these sex ratio variations are in any way adaptive.

Daughters are costlier to low-ranking females (¢gure 6b),
but subordinate females produce excess daughters after
the harshest dry seasons (¢gure 7b). The interaction
between rainfall and rank is analogous to the results of
Kruuk et al. (1999), in which red deer (of all ranks)
showed female-biased sex ratios after harsh winters,
possibly owing to higher foetal mortality in males.
However, miscarriages are more common in high-
ranking Gombe females than in subordinates (Packer et
al. 1995), and low-ranking females show male-biased sex
ratios after mild dry seasons (which would require the
selective abortion of daughters when conditions were
exceptionally good). Regardless of the mechanism, rain-
fall patterns are highly erratic at Gombe, with a lag1 (i.e.
one year lag) correlation of only 0.097 (n ˆ 27 years). A
harsh dry season should therefore be viewed as a stressor
rather than a predictor of future conditions, and the
variation in ¢gure 7b is unlikely to be adaptive.
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Table 2. Minimal GLM model for e¡ects on interbirth intervals

parameter estimate s.e.m. d.f. t p

intercept 906.4 120.2 97 7.54 0.0001
maternal age 724.5 8.1 187 73.04 0.0027
sex of o¡spring 7292.1 75.6 187 73.87 0.0002
maternal rank 7269.8 59.8 97 74.51 0.0001
rainfall in dry season 4.3 4.0 187 1.07 0.2847
troop size 21.5 5.6 187 3.86 0.0002
troop growth 75625.9 1472.8 97 73.82 0.0002
age£ sex 714.8 5.1 187 72.91 0.0041
rank£ sex 7247.3 71.7 187 73.45 0.0007
rainfall£ troop size 70.7 0.3 187 72.27 0.0244
age£ troop growth 347.2 121.6 187 2.86 0.0048
rainfall£ troop growth 120.6 37.5 187 3.21 0.0015

Table 1. Minimal GLMM model for e¡ects on infant survival (survival to ¢rst birthday)

parameter estimate s.e.m. Z p

intercept 0.8491 0.3279 2.590 0.0096
maternal age 70.0394 0.0203 71.944 0.0519
maternal rank 1.1341 0.3106 3.651 0.0003
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It is hard to reconcile our data with the clear advan-
tages of sex ratio variation reported for birds (Komdeur
et al. 1997; Sheldon et al. 1999) and red deer (Kruuk et al.
1999). One possibility is that the Gombe baboons gain
important advantages from factors that we have over-
looked in our analysis. Perhaps young subordinates and
older dominants gain unsuspected bene¢ts from sons; or
perhaps the results in ¢gure 7 are misleading and the
Gombe baboons are unable to alter their sex ratios
adaptively. It is possible that these females gain fewer
advantages from altering their sex ratios than other popu-
lations. Although the interbirth intervals in ¢gure 6

would translate into an advantage of 10^25% to any
female who could control her sex ratio, there is no strong
e¡ect of maternal rank on o¡spring ¢tness in this popula-
tion (see, for example, ¢gure 4). In contrast, high rank
confers strong ¢tness e¡ects on adult sons in red deer
(Clutton-Brock et al. 1986); and high-ranking Amboseli
baboons might impart high ¢tness to their adult daugh-
ters as well as gain a higher productivity from a female-
biased sex ratio (Altmann et al. 1988).

In contrast, Gombe might have undergone such
profound ecological perturbations that the baboons are
not yet adapted to current circumstances. Gombe became
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Figure 6. Signi¢cant interactions on interbirth intervals that include o¡spring sex. (a) With increasing maternal age, interbirth
intervals become shorter after the birth of a daughter but longer after the birth of a son. (b) After the birth of a daughter,
high-ranking mothers have shorter interbirth intervals than subordinates, but there is no e¡ect of rank after the birth of a son.
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a reserve in 1943 when the human inhabitants were re-
located (Kjekshus 1977), and the amount of vegetation
has increased continuously in the absence of cultivation
and ¢re. Consequently the 90 individuals in the original

study increased to 260 animals between 1967 and 1996.
The male-biased population sex ratio might re£ect an
ancestral adaptation to a harsher environment (with a
concomitantly higher mortality of male foetuses), which
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Table 3. Minimal GLMM model for e¡ects on o¡spring sex

parameter estimate s.e.m. Z p

intercept 0.1412 0.6778 0.208 0.8349
maternal age 70.0912 0.0475 71.919 0.0550
maternal rank 70.5276 1.1681 70.452 0.6515
rainfall 0.0578 0.0197 2.931 0.0034
age£ rank 0.1787 0.0766 2.334 0.0196
rank£ rainfall 70.0736 0.0331 72.222 0.0263

0.8

0.7

0.5

0.6

25

(a)

2015105
mother’s age (yr)

pr
op

or
ti

on
 m

al
e

0

0.4

0.3

rank = 0.75
rain = 10

rank = 0.75
rain = 40

rank = 0.50
rain = 10

rank = 0.50
rain = 40

rank = 0.25
rain = 10

rank = 0.25
rain = 40

0.8

0.7

0.5

0.6

50

(b)

40302010
dry season rainfall (mm)

0

0.4

0.3

rank = 0.75
age = 6

rank = 0.75
age = 22

rank = 0.50
age = 6

rank = 0.50
age = 22

rank = 0.25
age = 6

rank = 0.25
age = 22

Figure 7. Interactions between maternal rank, maternal age and dry-season rainfall on o¡spring sex. (a) Daughters have more
daughters when they are younger, whereas dominant females have more sons as they grow older. (b) Subordinate females are
more likely to have sons after a mild dry season and are more likely to have daughters after a harsh dry season.
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would have resulted in a 50:50 sex ratio at birth. Under
current conditions, the relative costs to high- and low-
ranking females of producing sons and daughters might
have been abnormal. However, most of the data in Van
Schaik & Hrdy’s review came from captivity, in which
ècological conditions’ were totally outside the experience
of any species, and the study by Kruuk et al. (1999) was
conducted in a novel environment.

We can conclude only that primate sex ratios remain
problematic, even after a ¢ne-grained and ecologically
sensitive analysis. It remains mysterious why some popu-
lations modify their sex ratios according to precise evolu-
tionary predictions whereas others do not. A more serious
consideration of the signi¢cance of `non-signi¢cant’
results is overdue.

REFERENCES

Altmann, J. 1980 Baboon mothers and infants. Cambridge, MA:
Harvard University Press.

Altmann, J., Altmann, S. A. & Hausfater, G. 1978 Primate
infants’ e¡ects on mother’s future reproduction. Science 201,
1028^1030.

Altmann, J., Altmann, S. A. & Hausfater, G. 1988
Determinants of reproductive success in savannah baboons.
In Reproductive success (ed. T. H. Clutton-Brock), pp. 403^418.
University of Chicago Press.

Altmann, J. (and 12 others) 1996 Behavior predicts genetic
structure in a wild primate group. Proc. Natl Acad. Sci. USA 93,
5797^5801.

Charnov, E. L. 1982 The theory of sex allocation. Princeton
University Press.

Clark, A. B. 1978 Sex ratio and local resource competition in a
prosimianprimate. Science 201, 163^165.

Clutton-Brock, T. H., Guinness, F. E. & Albon, S. D. 1982 Red
deer: behavior and ecology of two sexes. University of Chicago Press.

Clutton-Brock, T. H., Albon, S. D. & Guinness, F. E. 1985
Parental investment and sex di¡erences in juvenile mortality
in birds and mammals. Nature 313, 131^133.

Clutton-Brock, T. H., Albon, S. D. & Guinness, F. E. 1986
Great expectations: dominance, breeding success and
o¡spring sex ratios in red deer. Anim. Behav. 34, 460^471.

Clutton-Brock,T. H. & Iason, G. R. 1986 Sex ratio variation in
mammals. Q. Rev. Biol. 61, 339^374.

Dittus, W. P. J. 1979 The evolution of behaviors regulating
density and age-speci¢c sex ratios in a primate population.
Behaviour 69, 269^305.

Fisher, R. A. 1930 The genetical theory of natural selection. Oxford
University Press.

Gommendio, M., Clutton-Brock, T. H., Albon, S. D., Guinness,
F. E. & Simpson, M. J. 1990 Mammalian sex ratios and
variation in costs of rearing sons and daughters. Nature 343,
261^263.

Goodall, J. 1986 The chimpanzees of Gombe. Cambridge, MA:
Harvard University Press.

Gowaty, P. A. 1993 Di¡erential dispersal, local resource compe-
tition and sex ratio variation in birds. Am. Nat. 141, 263^280.

Hausfater, G. 1975 Dominance and reproduction in baboons
(Papio cynocephalus). In Contributions to primatology, vol. 7. Basel,
Switzerland: Karger.

Herrmann, B. G., Koschorz, B., Wertz, K., McLaughlin, K. J.
& Kispert, A. 1999 A protein kinase encoded by the t complex
responder gene causes non-mendelian inheritance. Nature 402,
141^146.

Hiraiwa-Hasegawa, M. 1993 Skewed birth sex ratios in
primates: should high-ranking mothers have daughters or
sons? Trends Ecol. Evol. 8, 395^400.

Johnson, C. N. 1988 Dispersal and the sex ratio at birth in
primates. Nature 332, 726^728.

Kilner, R. 1998 Primary and secondary sex ratio manipulation
in zebra ¢nches. Anim. Behav. 56, 155^164.

Kjekshus, H. 1977 Ecology control and economic development in East
African history: the case of Tanganyika 1850^1950. University of
California Press.

Komdeur, J., Daan, S., Tinbergen, J. & Mateman, C. 1997
Extreme adaptive modi¢cation in sex ratio of the Seychelles
warbler’s eggs. Nature 385, 522^525.

Kruuk, L. E. B., Clutton-Brock,T. H., Albon, S. D., Pemberton,
J. M. & Guinness, F. E. 1999 Population density a¡ects sex-
ratio variation in red deer. Nature 399, 459^461.

Liang, K. Y. & Zeger, S. L. 1986 Longitudinal data analysis
using generalized linear models. Biometrika 73, 13^22.

Maynard Smith, J. 1978 The evolution of sex. Cambridge
University Press.

Meikle, D. B., Tilford, B. L. & Vessey, S. H. 1984 Dominance
rank, secondary sex ratio and reproduction of o¡spring in
polygynousprimates. Am. Nat. 124, 173^188.

Packer, C. 1979 Intertroop transfer and inbreeding avoidance in
Papio anubis. Anim. Behav. 27, 1^36.

Packer, C., Collins, D. A., Sindimwo, A. & Goodall, J. 1995
Reproductive constraints on aggressive competition in female
baboons. Nature 373, 60^63.

Packer, C., Tatar, M. & Collins, D. A. 1998 Reproductive cessa-
tion in female mammals. Nature 392, 807^811.

Saunders, C. D. & Hausfater, G. 1978 Sexual selection in
baboons (Papio cynocephalus): a computer simulation of di¡er-
ential reproduction with respect to dominance rank in males.
In Recent advances in primatology, vol. 1 (ed. D. J. Chivers &
J. Herbert), pp. 567^571. NewYork: Academic Press.

Searle, S. R., Casella, G. & McCulloch, C. E. 1992 Variance
components. NewYork: Wiley.

Sheldon, B. C., Andersson, S., Gri¤th, S. C., Úrnborg, J. &
Sendecka, J. 1999 Ultraviolet colour variation in£uences blue-
tit sex ratio. Nature 402, 874.

Silk, J. B. 1983 Local resource competition and facultative
adjustment of sex ratios in relation to competitive abilities.
Am. Nat. 121, 56^66.

Silk, J. B., Clark-Wheatley, C., Rodman, P. & Samuels, A. 1981
Di¡erential reproductive success and facultative adjustment of
sex ratios among captive female bonnet macaques (Macaca
radiata). Anim. Behav. 29, 1106^1120.

Simpson, M. J. A. & Simpson, A. E. 1982 Birth sex ratios and
social rank in rhesus monkey mothers. Nature 300, 440^441.

Trivers, R. L. & Willard, D. E. 1973 Natural selection of
parental ability to vary the sex ratio of o¡spring. Science 179,
90^92.

Van Schaik, C. P. & Hrdy, S. B. 1991 Intensity of local resource
competition shapes the relationship between maternal rank
and sex ratios at birth in cercopithecine primates. Am. Nat.
138, 1555^1562.

Williams, G. C. 1979 The question of adaptive sex ratio in
outcrossed vertebrates. Proc. R. Soc. Lond. B 205, 567^580.

Problems withprimate sex ratios C. Packer and others 1635

Phil. Trans. R. Soc. Lond. B (2000)

 rstb.royalsocietypublishing.orgDownloaded from 

http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0036-8075^28^29201L.1028[aid=537276,nlm=98844]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0027-8424^28^2993L.5797[aid=537277,doi=10.1006/anbe.1997.0503,nlm=8650172]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-3472^28^2934L.460[aid=30019,csa=0003-3472^26vol=34^26iss=2^26firstpage=460]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-0147^28^29141L.263[aid=537280]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0169-5347^28^298L.395[aid=537282,csa=0169-5347^26vol=8^26iss=11^26firstpage=395]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-3472^28^2956L.155[aid=527485,doi=10.1006/anbe.1998.0775,nlm=9710473]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-0147^28^29124L.173[aid=537286,csa=0003-0147^26vol=124^26iss=2^26firstpage=173]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-3472^28^2927L.1[aid=537287]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0036-8075^28^29179L.90[aid=537293,nlm=4682135]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-0147^28^29138L.1555[aid=537294,csa=0003-0147^26vol=138^26iss=6^26firstpage=1555]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0962-8452^28^29205L.567[aid=527496,nlm=42061]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0036-8075^28^29201L.1028[aid=537276,nlm=98844]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0027-8424^28^2993L.5797[aid=537277,doi=10.1006/anbe.1997.0503,nlm=8650172]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0005-7959^28^2969L.269[aid=537295]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-0147^28^29121L.56[aid=537296,csa=0003-0147^26vol=121^26iss=1^26firstpage=56]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0036-8075^28^29179L.90[aid=537293,nlm=4682135]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-0147^28^29138L.1555[aid=537294,csa=0003-0147^26vol=138^26iss=6^26firstpage=1555]
http://rstb.royalsocietypublishing.org/

