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Summary. The longitudinal survivorship of a 
group of free-ranging male and female rhesus mon- 
keys from La Parguera, Puerto Rico, was analyzed. 
Males had lower age-specific survivorship than fe- 
males. There were no differences in the survivor- 
ship o f  daughters of high- a n d  low-ranking 
mothers and there was no correlation between total 
number of offspring born and maternal rank for 
females. However, the sons of low-ranking 
mothers had lower survivorship than the sons of 
high-ranking females. This sex-related difference 
in survivorship, in conjunction with other evi- 
dence, indicates that the average lifetime reproduc- 
tion of sons of low-ranking females is lower than 
that of daughters and vice versa for offspring of 
high-ranking females. 

Introduction 

There are two models that predict different rela- 
tionships between maternal dominance ranks and 
the survivorship and reproduction of males and 
females in polygynous primate species (Trivers and 
Willard 1973; Altmann 1980; Silk 1983). First, 
Trivers and Willard (1973) hypothesized that in 
polygynous species, since the variance in the repro- 
duction of males is greater than that of females, 
then the "condition" (e.g., social dominance 
ranks) of mothers may have a greater influence 
on the development and reproduction of sons than 
daughters. The second model hypothesized that 
since males have their mothers' ranks only until 
they emigrate from their natal groups, but daugh- 
ters remain to have their mothers' dominance 
ranks for life, then the competitive abilities and 
reproduction of daughters vary more with mater- 
nal rank than that of sons (Altmann 1980; Silk 
1983). 

These two models make opposite predictions 
about the relationships between maternal domi- 
nance ranks and the lifetime reproduction of male 
and female offspring, but there are very few data 
that bear on these relationships for primates (Clut- 
ton-Brock and Albon 1982). One difficulty in col- 
lecting such data is that one needs to know the 
average lifetime reproduction for all sons and 
daughters born to females of different ranks, not 
just the reproduction of those that reach sexual 
maturity. Here we present the first longitudinal 
analysis of survivorship for free-ranging rhesus 
monkeys and discuss how patterns of survivorship 
may influence their reproduction. 

Methods 

The subjects of this study were born on La Cueva Island at 
La Parguera, Puerto Rico (Vandenbergh 1967). The animals 
were supplied ad libitum with water and commercial monkey 
food at feeders throughout the island. Each monkey received 
an identification tattoo during its first year, and maternal rela- 
tions were known for nearly all animals (Vandenbergh 1967; 
Drickamer 1974; Meikle et al. 1984). The colony was censused 
frequently (usually daily) by technicians and investigators. 

We present data for two groups: all males (N=44) and 
all females (N=43) born in the three original social groups, 
A, C and E, during the five-year period from 1964-1968. For 
longitudinal analyses we exclude five females that were not 
moved with the rest of the La Parguera colony to Morgan 
Island, S.C., in 1980. Three low-ranking and three high-ranking 
female subjects (14%) were alive and moved to Morgan Island. 
One low-ranking and three high-ranking male subjects (9%) 
were alive, but not moved to Morgan Island, so we follow 
males only until 1980 and females until 1985. Hence, we were 
able to follow over 86% of females and over 90% of males 
through their complete lifespan. 

Table 1 shows the numbers of males and females born 
during each year of the five year sample period as well as how 
many mothers produced one, two, three or four subjects. The 
male subjects were produced by a total of 29 mothers, compris- 
ing 23 different genealogies while the female subjects were pro- 
duced by a total of 23 mothers comprising 21 different genealo- 
gies. There were no significant differences in the number of 
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Table 1. a Number of male and female births for each year 
of the five year sample period, b Number of mothers that gave 
birth to one, two, three or four of the male and female subjects 

a Year born Total 

1964 1965 1966 1967 1968 

Males 6 8 9 11 10 44 
Females 6 4 10 10 13 43 

Total 12 12 19 21 23 87 

b Number of subjects 
born per female 

1 2 3 4 

Mothers of males 16 11 2 0 
females 8 11 3 1 

high- and low-ranking mothers that produced one, two, three 
or four of the male 0f2=0.51, P>0.1)  or female (;(2=0.68, 
P>0.1)  subjects. 

Dominance ranks were based on the outcome of agonistic 
encounters (Sade 1967). The original females established domi- 
nance ranks and the families (genealogies) they produced shared 
those ranks. We observed over 5,000 agonistic encounters be- 
tween members of different genealogies during 1965-1971 and 
1977-1980 and we constructed dominance matrices for genealo- 
gies so that a linear ranking could be achieved (Wilson 1981; 
Boyd and Silk 1983). Genealogical dominance ranks did not 
change during the colony's history, which also was the case 
for rhesus monkeys on Cayo Santiago (Sade et al. 1977). 

Results 

The proportion of males that died each year was 
more frequently greater (11 of  15 years, with one 
tie) than the proportion of females that died each 
year (P < 0.03, sign test; Siegel 1956). This sex dif- 
ference in mortality was particularly large during 
the first two years of  life, with 57% (25/44) of  
males and 35% (15/43) of  females dying during 
the first two years (Z 2 = 4.21, P < 0.05). In addition, 
of  those reaching sexual maturity, 44% (7/16) of  
the males died and only 9% (2/22) of the females 
died during the three years past maturity (X 2= 
6.16, P <  0.02). 

The sexes also differed with respect to the rela- 
tionship between survivorship and maternal rank. 
There was a large difference in the survivorship 
of sons of  high- and low-ranking females (Fig. I a, 
Table 2). During the first year of  life more sons 
of low-ranking females died (64%) than sons of 
high-ranking females (27%, X 2=5.87, P<0.02).  
The rank-related difference in survivorship of sons 
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Fig. 1 a, b. Percent of a males and b females surviving to each 
age in relation to maternal rank 

of high- and low-ranking females that was estab- 
lished during the first year increased slightly by 
the sixth year (59% and 86% having died respec- 
tively), by which age more than 95% of males had 
emigrated from their natal groups and some had 
become members in other nonnatal groups. The 
sons of low-ranking females tended to have greater 
age specific mortality compared to the sons of 
high-ranking females, and as a result, the lifespans 
of males were positively correlated with their 
mothers' ranks (Kendall tau, corrected for ties= 
0.233, P<0.05).  There was no relationship be- 
tween the ages and ranks of the mothers of sub- 
jects, so the rank-related pattern of mortality 
among males was not a result of  differences in 
maternal age (Meikle et al. 1984). 

In contrast to the pattern of mortality among 
males, there were no differences in the survivorship 
of daughters of  high- and low-ranking mothers 
(Fig. 1 b, Table 2). Accordingly, there was not a 
significant correlation between maternal rank and 
lifespan for females (Kendall tau, corrected = 0.14, 
P>0.1) .  There also was not a significant correla- 
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Table 2. A comparison of the proportion of individuals dying 
each year for the sons and daughters of high- and low-ranking 
females 

Sons Daughters 

Age Rank High Low High Low 
dead n (22) (22) (17) (21) 

0-  1 0.27 0.64 0.24 0.33 
1- 2 0.19 0.25 0.23 0.07 
2-  3 0.15 0.17 0.10 0.15 
3- 4 0.0 0.0 0.11 0.09 
4-  5 0.09 0.20 0.0 0.10 
5- 6 0.10 0.25 0.0 0.0 
6- 7 0.22 0.33 0.0 0.11 
7- 8 0.0 0.0 0.13 0.0 
8- 9 0.29 0.0 0.0 0.0 
9-10 0.0 0.0 0.0 0.0 

10-11 0.40 0.50 0.14 0.25 
11-12 0.0 0.0 0.33 0.17 
12-13 0.0 b 0.0 0.20 
13-14 0.0 - 0.0 0.0 
1 4 - 1 5  a - 0.0 0.25 
15-16 - - 0.25 0.0 
16-17 - - 0.0 0.33 
1 7 - 1 8  - - 0.50 0.67 
18-19 - - c d 

Letters denote animals still living at end of study: a = 3, b = 1, 
c=3 ,  d = 2  

tion between the lifetime production of offspring 
by females and the ranks of their mothers (Ken- 
dall's tau, corrected = 0.09, P>0.1). In a separate 
analysis (Meikle et al. 1984) of the number of off- 
spring produced per reproductive year by females 
at the La Parguera colony, high-ranking females 
showed a small (7%), but significantly greater pro- 
duction of offspring than low-ranking females. 
However, this difference is much smaller than the 
rank-related difference in the mortality and prob- 
able reproduction of sons. 

Although we could not record the reproduction 
of males directly, the pattern of mortality in this 
study indicates that sons born to high-ranking fe- 
males have a much higher probability of reproduc- 
ing than do sons born to low-ranking females. 
Sons of high-ranking females were 2-3 times more 
likely to survive to sexual and social maturity, and 
this difference persisted throughout their lifespans. 
Therefore, if all else is equal among mature males, 
the reproduction of sons of high-ranking females 
is greater than that of sons of low-ranking females. 

D i s c u s s i o n  

It would take a large advantage in the reproduc- 
tion of the mature sons of low-ranking females 

to make up for the influence of prepubertal mortal- 
ity on their average lifetime reproduction, com- 
pared to the sons of high-ranking females. How- 
ever, evidence suggests that the reproductive suc- 
cess of the mature sons of high-ranking females 
is greater than that of the mature sons of low- 
ranking females, making the actual disparity in re- 
production even greater than that established by 
differential mortality among immature males. Sons 
of high-ranking females are more frequently 
members in high-ranking nonnatal groups, remain 
longer in those groups (Meikle et al. 1984), and 
thus attain higher rank (Drickamer and Vessey 
1973) than do sons of low-ranking females. 

Staying longer in nonnatal groups allows sons 
of high-ranking females to father offspring during 
more breeding seasons, to accrue tenure and rank, 
and to protect those offspring better and longer 
than can the sons of low-ranking females (Bern- 
stein 1976). Taken together, these data suggest that 
the average lifetime reproduction of sons of low- 
ranking females is much lower than that of the 
sons of high-ranking females, while a much weaker 
rank-related difference exists in the lifetime repro- 
duction of daughters. 

The rank-related difference in the reproduction 
of male rhesus monkeys leads to the prediction 
that mothers invest differentially in sons and 
daughters in relation to their ranks (Trivets and 
Willard 1973). This prediction was fulfilled by the 
secondary sex ratios at the La Parguera colony: 
high-ranking females gave birth to more sons than 
daughters and low-ranking females gave birth to 
more daughters than sons (Meikle et al. 1984). 

The disproportionately high mortality of sons 
of tow-ranking females may have resulted from 
agonistic encounters with other animals. Silk et al. 
(1981) reported that females that lived to one 
month had greater mortality than juvenile males 
in a captive group of bonnet macaques (M. ra- 
diata), and that much of this mortality was related 
to agonistic encounters among females. However, 
of all infants born, the sons of low-ranking females 
had lower survivorship than both daughters of 
low-ranking females and sons of high-ranking fe- 
males (Silk et al. 1981; Silk 1983), similar to the 
pattern we observed in our colony. 

The cause of death for most of our subjects 
was not known. We have occasional field note re- 
cords of wounding, but most animals simply were 
no longer observed in their group and were later 
found dead and partially decomposed. In many 
instances, animals had decomposed to the extent 
that they could not be identified. Our assumption 
that individuals that disappeared had died was cor-  
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roborated by the nearly exact correspondence be- 
tween the numbers of carcasses found and individ- 
uals that disappeared. 

The relatively high mortality of immature sons 
of low-ranking females on La Cueva may have 
resulted from decreased investment by mothers 
(Trivers and Willard 1973), particularly during the 
first year, when maternal investment is greatest 
(Berman 1980; Vessey and Meikle 1984). Such ad- 
justment of investment might have involved a re- 
duction in the risks that low-ranking females took 
to protect their sons. Reduced protection may re- 
sult in higher levels of wounding, stress (Chamove 
and Bowman 1976), and increased suceptibility to 
disease (Christian 1980). Although we do not have 
data on the cause of death for all subjects, 15 of 
these subjects also were subjects of focal observa- 
tions in a study of mother-infant interactions dur- 
ing the first year of life (Vessey and Meikle 1984). 
The three sons of low-ranking females in that sam- 
ple died from an infection (probably Shigella) of 
the jaw during the first year (unpublished data 
from Vessey and Meikle 1984). 

The explanation that disproportionate mortali- 
ty of immature males results from adaptive varia- 
tion in maternal investment (i.e., the Trivers-Wil- 
lard model) is sometimes contrasted with the expla- 
nation that such mortality occurs because males 
simply are more vulnerable than females to certain 
environmental circumstances (Clutton-Brock et al. 
1985; Hrdy 1987). It should be noted, however, 
that if males are "simply" more vulnerable than 
females and, as a result, the sons of low-ranking 
females have higher mortality and therefore lower 
average lifetime reproductive success than sons of 
high-ranking females, then selection will favor de- 
creased prenatal investment in sons by low-ranking 
females. Hence the prediction of variation in the 
secondary sex ratio holds whether the differential 
mortality is caused by rank-related maternal in- 
vestment or is simply a passive effect of maternal 
rank. The crucial point is whether there is a differ- 
ence in the average lifetime reproduction of one 
sex or the other that is consistently related to some 
condition of parents. 

Clutton-Brock et al. (1985) have argued that 
the higher mortality of male than female imma- 
tures in polygynous bird and mammal species is 
related to the higher growth rates and larger sizes 
of males which make them susceptible to reduced 
maternal ability to provide nutrition. Differences 
in maternal ability to provide nutrition is not a 
likely explanation for the rank-related mortality 
that we observed among males, since our colony 
was provisioned ad libitum. 

Differences in the mortality of males and fe- 
males after sexual maturation are expected for a 
polygynous species such as Macaca mulatta since 
adult males emigrate from their natal groups 
(Lindburg 1969; Drickamer and Vessey 1973) and 
are frequently involved in dangerous agonistic en- 
counters (Sade et al. 1977; Alexander et al. 1979; 
Clutton-Brock et al. 1985). However, only a de- 
tailed analysis of the interactions between imma- 
tures and their mothers, relatives, and unrelated 
animals will yield information about the maternal 
rank-related pattern of mortality of rhesus mon- 
keys prior to sexual maturity. 
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