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tive success. However, based on over thirteen years oi duta from known

individual savannah baboons, Papio cvnocephalus, in Amboseli National |

Park, Kenya, we can now provide fairly good cstimates for some repro-
ductive and survival parameters and tentative estimates for others.

Despite the emphasis on male behavior and mating success in the first

studies of this and other primate species, knowledge of males’ life histories
remains much less complete than knowledge of females’. Male baboons

take several years longer to reach full maturity. They arc the sex that “&
disperses: they leave their patal group ncar maturity and sometimes -

change groups once or more during adulthood. One often cannot deter-
mine what has happencd to a male that disappears from a group or
determine his reprodiictive success in a new group ever if one knows that
he successtully transferred. For the same reason, onc doces not usually
have much prior information on males that immigrate into study groups. In

addition, information about paternity, particularly in noninterventive .38
studics but also in studies that have included attempts at genetic analysis,” &

remiains much poorer than for maternity. Consequently, our analyses of
female reproductive suceess are more complete than those of male
success.

25.1 Background

The data on which this chapter is based come from almost daily records on
all individuals of **Alto’s Group,” a group that varicd in size from about
thirty-five to sixty-five during the study period, averaging approximately
forty-five animals including an average of fourteen adult females and nine
adult males. Records on cach day of observation include presence or
absence of cach individual, checks for wounds and other pathologies, the
condition of each female’s sexual and paracallosal skin and the presence or
absence of menstruation, partners involved in the exclusive sexual con-
sortships that are characteristic of this species (Rasmussen 1985), copula-
tions, and ad libitum records of agonistic interactions to determine
dominance relationships. (Details of the methodology can be found in
Hausfater 1975; J. Altmann {980; Altmann, Altmann, and Hausfater 1981;
Hausfater, Altmann, and Altmann 1982.)

In baboons, because the time of ovulation can be well determined
from changes in sexual skin swellings and because menstruation is
externally visible, delayed menstruation, indicating a possible pregnancy,
can readily be detected. In addition, pregnancy can be confirmed within a
few weeks of a missed menstruation through reddening of the paracaliosal
skin (5. Altmann 1970); moreover, the skin loses its pinkness if the fetus
is later miscarried. Consequently, we can identify fetal wastage as well as
later offspring loss. Because pregnancy can be detected shortly after
implantation and because few miscarriages have occurred thercafter, we
can determine infant sex ratios not only at birth but near the time of
conception.

Determinants of Reproductive Success in Savar

Once an infant is born, its fate can be followe

¢ because group transfer is extremely rare before that

infants are carricd for scveral days by their mothers,
can sometimes be estimated and its occurrence cor

" though not often for juveniles.

Approximately one hundred conceptions occurr

2. during 1971--83 and have been used here for analysi

information on all variables of interest for all conceptic

ki vary from analysis to analysis. FFor example, age of 1

well estimated only for those mothers that reached n

;. whereas dominance rank of mother is known for all ¢

of conception and birth is known for all, rainfall at tha
conceptions starting with those in 1979, we have d
patern ity based on mating and consortship records dur
likely conception; in addition to mating records, dc
length of residency in the group was known for cacu waie vuning una
five-year period.
Reproductive success involves more than conception, of course. We
know offspring survival through infancy for all conceptions, through age

8 six (age of first reproduction for females and age of attaining the subadult

stage for males) for a fraction of these.

The present report includes data on twenty-cight adult females and
thirty-cight adult males. However, for most of the subjects the study
period overlaps only a portion of their life span or even of their reproduc-
tive span. Similarly, only a fraction of the infants they produced during
this period have had time to reach maturity. Thus our reconstruction of
reproductive success necessarily involves both cross-sectional as well as
longitudinal analyses. Wherever possible. we have done both types of
analysis to verify that the results are consistent. We have also been able to
replicate some of the findings during a shorter, more recent study of a
second group (Hook’s Group) in a slightly different habitat within the same
park.

Unfortunately, because many of the life spans are incomplete.
because the factors determining reproductive success in our animals are
not incdependent (see below), and because we cannot yet evaluate most
factor. that determine life span, the results of our studies cannot yel
be trarslated directly into quantitative estimates of contribution to vari-
ance it iiletime reproductive success. Moreover, because primate popu-
lations are age structured, with overlapping generations and overlap of
reproduction, we have not been able to take advantage of analytical
techniques developed by Arnold and Wade (1984a,b) for evaluating
selection.

We begin with an investigation of factors affecting conception success
first in females, then in males. Next we examine sonrces of variability in
offspring survival. Finally, we consider determina
individual’s reproductive span.
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Figure _2_5‘]: The effect of a female’s dominance rank at the time she concei I
prnhuhll_ny that the offspring will be a male (July 1971-Junc I‘)XI). The sam :IlccS ‘(‘m'l ]F
conceptions at cach dominance rank is indicated within the CiI'CIC.IllilI'ki;;’ l:w x‘i‘l\ft"u‘
for that rank. We determined a female’s absolute dominance rank at the lLimc ;l' I"Imo
m]nckcpvlmn; dcu.lhs. n_mlur;_nl!om. and rarely. rank changes among adults smnc:in:‘:r]c-
:)l‘!l.:'-::)ir;l;"‘l.l])ll]l. s having different rank numbers at the conception of successive

more years before these young males attain the size and social relation-
ships that facilitate their fathering infants in the group.

.()nly rarely do matings during the days of likely conception occur
(Tulmdg the exclusive consortships maintained by adult females and males.
Smncumqs a single male is a female’s only consort throughout these days
u} other times consortships are maintained by two or more males succcs-,
sively wilh(in and between days (Hausfater 1975; Rasmussen 1985).

- Juvenile males occasionally appear in the mating (but not consort-
ship) rccurd:s for females during the days of likely conceptioan, but subadult
males are virtually absent from both records: in this situation juveniles
but not subadults are tolerated by adult males (Hausfater I97'5) Males
reach subadulthood at approximately six years (Altmann, Allmzu'm and
Hausfater 1981) and by seven and a half years of age they are lurg(; and
\ll'()ng' cnough to rise in the adult male dominance hicrarchy, often
precipitously, commonly becoming sccond or third ranking l)uri’ng this
age. usually after the rise in rank, the males often leave their group for a
i?w days at a time, but of nineteen males who reached age six in Alto’s
(nmup. only onc is known (o have transferred groups successfully hefore
age cight. One other subadult male died, two almost surcly died, two
others either emigrated or died, and the remaining thirteen staycd i,n the
group through their cighth birthday. After rising in rank, lh(‘sc; males
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sometimes inate with fertile females in their natal group. However, these
matings arc rarer than for Tully mature males of the same rank. In sum,
most males (68%) survive subadulthood in their natal group but arc
unlikely to producc offspring there during this period.

The situation changes dramatically alter age cight. Males of this age
are usually high in rank and well within the size range of fully adult males
even though their growth is not yet complete. Of the thirteen males who
reached both subadulthood and adulthood in Alto’s Group, cight arc
known or thought to have emigrated from the group between ages cight
and nine. Two others died or emigrated in their tenth year. At that same
age, lwo males that emigrated a year carlier returned to their natal group.
Finally, one male in his tenth year is still in Alto’s Group.

At least four males who reached subadulthood in Alto’s Group—
known or presumed to be their natal group—have stayed or rcturncd there
during adulthood. If males do stay or return as adults, they become fully
participating mating adults within the group. The small sample available
thus far does not suggest any pattern ol maternal rank, male rank, or
presence of adult female relatives that distinguish the “‘leavers’ from the
“stayers’ and “‘returners.”” Approximately 20% of males reaching suba-
dulthood or almost 30% of those reaching adulthood in Alto’s Group may
have spent their entive reproductive carcer there, but this is apparently a
less common pattern in other baboon populations (Packer 1979a).

The remainder of this section focuses on the reproductive suceess of
adult males who feave their natal group and reproduce clsewhere and is
based oin an analysis of patterns of residency, rank occupancy, and
consortship for males that immigrated into Alto’s Group or were there at
the start oi the study.

We first consider the data on residency duration, using actuarial
estimates for incomplete durations (Cutler and Ederer 1958). Of residency
durations for males that did not mature in Alto’s Group, 32% werce (en
months or less, and 3% lasted for cleven to twenty months, 8% cach for
twenty-onc to thirty months and thirty-one to forty months, none for
forty-one to fifty months, 14% for fifty-one to sixty months, and the
remaining 35% for morce than sixty months. Males who were recorded as
having more than one period of residency in the group had (wo periods,
usually consisting of a short period (less than ten months) and then a
second residency period of several years. Overall, the median time from
when a male was first associated with the group to the last date of
association (ignoring gaps due to absences) was thirty-lfour months for
males who immigrated into the group during the study, and males who
were with the group at the start ol the study stayed for a median of
fifty-onc months subscquently.

Within thirty days ol entering the group, mosl (12/18) immigrant
males had obtained the highest position in the dominance order ol adult
males that they would ever achiceve, and virtually all males (17/18) had
done so by the middle of their first year of residency in the group.
Vurtherns w2, the initial rank position ol immigrant males proved *- B
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For methods used to caleulate number of surviving offspring for males see (exi.

good predictor of their subsequent duration of residency in the group: rank
oceupancey patterns and residency  duration were not independent at-
tributes of an adult male’s life history. Specifically, immigrant males who
obtained only an initial rank position in the lower half of the hicrarchy
among adult males remained with the group for a median of cighteen
months (range 2-90+). In contrast, those males that initially obtained a
rank position in the upper halt of the adult male dominance order
subsequently remained with the group for a median of sixty-seven months
(runge 44-89).

lFor cach infant conceived during the five-year pericd 1979-83, we
cxamined our daily monitoring records for its mother's matings and
consortships on the days of likely conception. A male who appeared in
those records for several matings or was recorded as a consort was
considered a “likely father™ of that infant. Almost all infants had one to
three likely fathers. and overall the average was two likely fathers.
Consequently. for the purpose of the present chapter, the number of
infants a male was considered to have fathered was taken as half of those
for which he was one of the likely fathers. Beyond that, the number of
surviving offspring for males was taken as the number of infants fathered
multiplicd by the average rate of survival to age six.

A lincar regression of cumulative reproductive success on duration of
residency accounted for 56% of the variance in male reproductive success
(Ag. 25.4). Note that in this analysis the duration of residercy for some
males represents their complete stay in the group, while for others it is
how long they had been in the group as of the end of 1983, the cutofl time
for these data. Thus. at any duration shown in figure 25.4 the valucs
include the cumulative reproductive success both of males who departed
after staying that long and of those who had been there that long as of the
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end of 1983 but were still in the group. In particular, the first-year results
include both low-success males who left after a brief residency and
high-success males who entered in 1983 and stayed for scveral years
thercafter. Long-association males were the hkely fathers of more infants
in their first year of residency in the group than was the case for
short-association males.

Recently completed analyses of lifetime rank occupancy sequences
for the adult males of Alto’s Group have demonstrated that the average
rank occupied by males declined steadily with cach additional year they
associated with the group. This slow decline in male rank over time may
be the main factor responsible for the finding that the per annum
reproductive success of males was substantially reduced in their second
and later years with the group compared with their first year with the group
(fig. 25.5) Nevertheless, males that stayed with the group even for very
long periods were likely fathers of infants in almost all years of their
residency. The total number of offspring attributable to each male varied
considerably both across ycar of residency and when summed over al
years with the group (figs. 25.4, 25.5). Year-to-ycar {luctuations in the
number of conceptions in the group, duration of occupancy in the top few
dominance ranks during the first years of residency, and development of
mating-partner preferences by the females all probably contribute to this
variance.

IFemales exercise mate choice by the extent to which they contribute
to or thwart consort formation or maintenance. At one cxtreme, they
frequently approach (follow) the male, present sexually, and stand for
male mountings. At the other cextreme, they move away at most ap-
proaches by the male, present rarely and only at male instigation, and walk
out from under the male as he starts to mount. Conscquently, the time and
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Figure 25.5: Cumulative male reproductive suceess as a function of the length of time
the male has been resident in the group. Sce text for method used o eateulate number

-

of surviving offspring for males (v = 0.05v + 0.26; =56, p <



412 O Mammals

energy a male must expend per copulation and ultimately the number of

copulations he achieves and his likelihood of fathering an infant will vary
considerably as result of female behavior. Although quantitative data are
not yet available, it appears that a low-ranking male will fight higher-
ranking males for access to consort females primarily if these are females
with whom the low-ranking male has mutually cooperative relationships.
The nondominance basis Tfor female choice remains to be determined (see
atso Rassmussen 1980 Smuts 1985; Bercovitch 1985).

Survival of a Female’s Offspring

To attain high reproductive success, not only must individuals
conceive offspring, but those conceptions must result in offspring that
survive and reproduce. In most primates, tew offspring are produced in a
lifetime, usually one at a time. Conscquently the fate of cach greatly
affects a parent’s ultimate reproductive success.

In Alto’s Group, 10% (n = 95) of pregnancies result in miscarriage or
stillbirth. Mortahty is approximately 25% in cach of the first two years of
life and declines in the next two years to virtually zero for the later juvenile
period (J. Altmann 1980 and below). In this section and the subscquent
one. we consider, first for female and then for male parents, what factors
arc related to variability in offspring mortality. We examine survivorship
through the first two ycars, because infancy lasts between one and two
vears. and through age six, because that is the age of first conceptions in
females and attainment of subadulthood in males.

The probability that an infant will survive is alfected by maternal
parity. but only in separating first pregnancies from later ones. The rate of
miscarriage and stillbirth is the same for both parity groups, but live-born
infants of primiparous females are half as likely (.29, n = 17) as later ones
(.63, n = 70) to survive to two years of age. Survival success for second
conceptions is indistinguishable from that for higher parities (.62, n = 16
vs. .03, 1 = 54). Variability in survival of first oftspring is not accounted
for by vanability in age of the mothers at first conception.

Social dominance rank of mothers bears no simple refationship to
offspring survival in Amboseli. Survivorship is .43 through two years of
age and .35 through age six for the conceptions of the top-ranking females,
AS and 31 for those of the low-ranking ones. Because further analysis
requires partinoning of our hmited data sets, we will need more data and
data on other groups 1o pursue complex interactions with confidence.
However, several suggestive patterns, discussed below, emerge in the
data now available.

Offspring survival is an interactive function of infant sex and maternal
donunance rank: for both high- and tow-ranking females, the offspring of
the sex toward which birth ratios are biased have higher probabilitics of
survival. Considering the upper third (ranks 1-7) and lower third (ranks
F4-20) of the dominance hicrarchy, those i which sex ratio is biased,
daughters of high-ranking females have a better chance of surviving to age
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six (.47, n = 15) than do sons of high-ranking females (.00, n = 5) or
daughters of low-ranking females (.25, n = 4). Likewise, sons of low-
ranking females arc more likely to survive (.33, n = 9) than are daughters
of low-ranking females (.25, # = 4) or sons of high-ranking females (.00, n
= 5). The ranks that have the most divergent sex ratios, the highest third
of the ranks, have the greatest survival advantage conferred on the
prefeired sex.

Sex bias in offspring mortality affects the offspring of low-ranking
females at a different age than it does offspring of high-ranking females.
The daughters of low-ranking females arc not at greater mortality risk
during infancy, perhaps as a result of their mothers’ greater protectivencss
(J. Altmann 1980), but they are more vulnerable as juveniles, as also
suggested for macaques (Dittus 1979 for wild toque macaques; Silk ct al.
1981 for captive bonnet macaques). In contrast, so far only one son ol a
high-ranking female has survived the first two years (n = 7.

Because the sample of “wrong sex’” offspring is small, we have not
yet been able to identify likely sources of the mortality differences,
particularly in the case of sons of high-ranking females. However, avail-
able data reveal that “‘right-sex’” offspring have gestations that are a few
days longer, their mothers experience a postpartum amenorrhea that is
one month longer, and the mothers’ cycling time 1o next pregnancy is also
one month longer, suggesting prolonged maternal care. Gestation fength is
positively correlated with probability of survival in Amboscli baboons
(unpublished data) as it is in humans (Van Valen and Mellin 1967). The
differences in postpartum amenorrhea and in the subsequent time spent
cycling are of the order of 10% to 25%. These several differences do not
yet reach statistical significance. However, cach is consistent with the
initial sex-ratio biases and with the survival differences. The complete set
of results is consistent with the hypothesis that the observed offspring sex
biases are adaptive.

Survival of a Male’s Offspring

A male’s reproductive success, like that of a female, will depend not
only on achieving conceptions but also on any factors that lead to the
survival of those offspring he does father. Males provide both direct and
indirect care for infants (DeVore 1963; Ransom and Rowell 1972) and
for young iuveniles, primarily for thosc that are likely to be their own
(sce, c.g., J. Altmann 1980; Nicolson 1982; Stein 1984). Such care is
somelimes dramatic in life-threatening situations, but it also occurs more
subtly on a daily basis. Data arc not yet available on the effectiveness of
this care.

Males differ in the extent of care they provide. These differences have
not yet been quantified, however, nor is it clear to what cxtent they
represent life-stage differences or whether they result in litetime differ-
ences in reproductive suceess. It appears that differences are partially
related to life stage and, though not independently, to dominance vk
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malc who is top ranking does not seem to provide as much care as those
who are middle and low ranking.

The survival of a male’s offspring will also depend on those maternal
factors that affect successful gestations and infant and juvenile survival, so
that mate selection by males may be a key component of their reproduc-
tive success. Several studies document selectivity among baboons (e.g.,
Hausfater 1975; Rasmussen 1985; Smuts 1985), but it is still unclear to
what extent the selectivity results from female choice versus male choice.
Morcover, much of the basis of choice remains to be elucidated, as noted
above. These studies failed to find any indication that males are selective
among females by dominance rank. Two studies report that adult males
select multiparous females as consorts in preference to nulliparous ones
(Rasmussen 1985: Takacs 1982). Unfortunately, these studies pooled data
from females at all stages of adolescence: our (unpublished) data and those
of Scott (1984) suggest that there is a major shift in adult male interest late
in adolescence. when the females are likely to conceive. Judging by the
poor survival chances for a female’s first oftspring, males should mate with
nulliparous females only if it does not reduce their chances of fathering an
infant by a female who has already had at least one infant or if doing so
appreciably increases the likelihood that the young female will choose him
as a male in subscquent years.

Adult Reproductive Span and Survival

Age emerges as a major factor affecting cumulative female reproduc-
tive success, accounting for 79% of the variance in the lincar regression
(fig. 25.6). However, in a number of cases the data points are based on
adult spans that are not yet complete. Conscquently we cannot yet
estimate the variance in life span or specily the proportion of lifetime
reproductive success accounted for by life span. Because the expected
survival of a newly adult female is approximately ten to twelve years, and
because no known factors seem to have a very strong influence on adult
span. we cannot yet predict individual differences in female reproductive
suceess based on predictors of longevity.

Our data do indicate, however, that mortality rates are higher for
females who are caring for young infants. Females spend approximately
half their adult years in postpartum amenorrhea, caring for an infant
(Altmann ¢t al. 1977), and we would therefore expect that half the females
who die would be in this reproductive state if probability of death is
independent of reproductive condition. Three females who died were
suspected of having pathologies that interfered with reproduction and
were excluded from the analyses, although their inclusion would not have
changed the results: one cycled continuously for the cight yecars before her
death. the other two had extended periods of postpartum amenorrhea until
death. Of the remaining thirteen females that died. cleven were in
postpartum amenorrhea (chance p = .01) at the time of their deaths. The
remaining two were pregnant. We conclude that there is a mortality cost of
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Figure 25.6: Cumulative female reproductive suceess as a fl!ncliu‘n of mnnll‘ls since first
conception. The actual survival of cach offspring was uscd_lor this graph. !~()|‘ any off-
spring that was alive and less than six years ol age at the time ll!c calculations were
done, we used survival probabilities from that age through age six based on the longitu-
dinal data for Alto’s Group (v = 0.03x — 0.59; % = .79, p < .005).

reproduction (J. Altmann 1980, 1983). Females that repeatedly lose young
infants and therefore produce more infants in compensation for this Ioss'
may have a higher mortality rate, which could emerge as a source.ot
individual differences in life span and consequently in reproductive
success. '

For males, we rarely know if we have observed their whole repro-
ductive span, even if data are complete for their time in a single group.
Some reproduction may occur in the natal group before a malc lcuvgs, and
a male may live and reproducc in more than one nonnatal group before he
dics iunpublished Amboseli data; also Packer 1979a; Strum 1982). We do
not know whether males that are unsuccessful in one nonnatal group and
stay only bricfly subsequently make a successful l’runsfcr into zmolhcr
group. Morcover, there is considerable variability in l()l?ll .rcproducllvc
success, al least in the short term, among groups within lhg same
population (Altmann, Hausfater, and Altmann 1985), so that illlililll!]g high
relative reproductive success in different groups may have different
absolute values. Thus, though the present data suggest that age, or al ICflSl
length of residency in a group, is a major determinant of reproductive
success for males as well as females, factors that we cannot yet cvaluate
may confound the relationship.

25.3 Summary and Discussion
zed as a feature

cmane b Faetdn

Agonistic dominance among males has long been rccqgni
of baboon society and as a factor aff P
females (sce Packer 1979b and referenc
Hausfater (1975) demonstrated that ¢
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mately half of the short-term variance among males in the frejuency of
matings with females around the time of ovulation. It took longer to
appreciate the importance of female dominance relationships. even though
these are much more stable than those of males (Hausfater 1975), not only
within generations but between them (Hausfater, Altmann, and Altmann
1982). However, a relationship between female dominance status and
reproductive success remained uninvestigated (but see, ¢.g., Dunbar and
Dunbar 1977 and Dunbar 1984 for geladas: and Drickamer 1974 and
Gouzoules. Gouzoules, and Fedigan 1982 for macaques), partially as a
result of the expectation from evolutionary theory that females in sexually
dimorphic mammals with a somewhat polygynous mating system would
have low reproductive variance and might choose among mates bul not
compete reproductively.

We have presented longitudinal data that demonstrate the effect of
dominance on the reproductive success of female baboons, and also the
limitations of that cffect for both males and females. With respect to
female reproductive success. daughters of high-ranking females attained
reproductive maturity earlicr than did daughters of low-ranking females.
However. no dominance cilect on conception rates could be demonstrated
beyond first conception, nor could we discern any simple relationship
between dommance and adult survival or offspring survival, the other
main factors affectuing hfetime reproductive success.

Dominance did aflect sex-specific conception rates and survival of
offspring.  High-ranking females produced more daughters than sons.
These daughters appeared to garner somewhat greater maternal invest-
ment, and they were more likely to survive infancy than were sons of these
high-ranking mothers. In contrast, low-ranking females produced ofTspring
sex ratios that were biased toward males. These males appeared to garner
more maternal investment, and although the males did not have higher
chances of surviving infancy, they were more likely than daughters of
low-ranking mothers (o survive the juvenile years and reach sexual
maturity.

Questions regarding parental biasing of offspring sex ratios and
subscequent nvestment have been of considerable interest in the evolu-
tionary literature. Conditions that might favor the production of one scx
over the other include environmental/nutritional stress, social stress, and
the ability of the parent of cach sex to affect its own reproductive success
and that of cach sex of offspring. Authors rarcly treat these factors
separately or consider that for any given species or population these
factors may work in opposing directions rather than the same direction.
Adequate information on these cffects would result, for different specics,
in predictions of sex-ratio biases that differ in direction—or no bias—when
the scveral factors are taken together. The absence of the nccessary
empirical evidence often results in a posteriort explanations of observed
sex-ratio bias or of their absence.

Sceveral recent studies of cercopithecine primates, inclading the two
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in this volume, differ in the relationships found between maternal domi-
nance rank and ofTspring sex ratio (sce J. Altmann 1980; Silk ct al. 1981;
Simpson and Simpson 1982; Paul and Thommen 1984; van Schaik and van
Noordwijk 1983; Meilke, Tilford, and Vessey 1984; for other cercopi-
thecine data). Whether these differences represent methodological differ-
ences, small-sample differences, or real differences remains 1o be seen.
Likewisc, in the absence of relevant measurements of those variables that
are predicted to favor selection for parental influence on sex ratio, we
cannot evaluate whether any or all of these sex ratios are those that would
be predicted on the basis of adaptive arguments even if the results are
“real.” Finally, despite suggestive results on the relationship between
timing of conception and ollspring sex ratios in scveral mammalian
species, neither the relevant normative physiological nor behavioral
evidence is available for nonhuman primates.

Adult male immigrants who stayed at Icast a year in their new group
tended to be high ranking and to produce the most infants during that first
year. However, high rank is at [cast partially a temporary life-history stage
for males rather than a stable trait, thus diluting over a lifetime the
short-term reproductive advantages (Hausfater 1975; Saunders and 1aus-
fater 1978). Elapsed residency in a group, inversely correlated with
dominance rank, affected the estimated per annum number of offspring for
males. Nonctheless, males continued to mate with fertile females, subse-
quent to rank loss, for the remaining years they were in the group.
resulting in a strong correlation between length of residency and estimated
reproductive success. ‘

Instability of dominance for males, biased offspring sex ratios at
conception and in offspring survival for females, yet-to-be-determined
roles of mate choice in males and females, and undetermined contributions
of fathers to offspring survival left adult survival as the apparent predom-
inant factor alfecting within-sex variance in reproductive success in our
investigations thus far. It remains for future studies to determine ll?c
magnitude of these unmeasured cffects as well as the extent of variance in
adult survival and the identification of those factors that affect adult
survival.

Studies of artificially fed macaques (c.g., Mori 1979; Sugiyama and
Ohsawa 1982) demonstrate greater differential effects of female dominance
on reproductive success under conditions of artificial feeding than other-
wise. Because the artificial feeding resulted in a more concentrated food
resource as well as a higher average nutritional plane, it is hard to
disentangle these two factors (see J. Altmann 1986). llowever, it is clear
that the proportion of variance in reproductive suceess ullrilmlu'b!c 10
various factors may vary with ccological and demographic conditions.
This is further illustrated by the fact that infant survival is the major factor
affecting conception rates in Amboscli (Altmann, Altmann, and Hausfater
1978 and unpublished data), where infant mortality is appreciable, whercas
food availability has been identified as the major factor in olive baboons at







