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Summary. Over a 3.5 year period, illness and preda- 
tion operated in a non-random manner on free-rang- 
ing vervet monkeys in Amboseli National Park. As 
a result, there was no correlation among adult females 
between dominance rank and reproductive success. 
Deaths due to illness were concentrated among low- 
ranking individuals, and appeared to occur as a result 
of restricted access to food and water during the dry 
season. In contrast, deaths due to predation were 
concentrated among high-ranking individuals. The 
precise cause of such increased vulnerability could 
not be determined. 

High-ranking females alarm-called at higher fre- 
quencies than low-ranking females, and were also 
more aggressive than low-ranking females during in- 
tergroup encounters. In contrast, low-ranking females 
were more likely to initiate friendly interactions with 
the members of other groups. The non-random distri- 
bution of causes of mortality suggests that individuals 
living in the same social group may confront different 
selective pressures. Perhaps as a result, individuals 
appear to respond differently to similar social and 
environmental variables. 

Introduction 

Numerous theories have been proposed to explain 
the evolution of female sociality in birds and mam- 
mals, as well as the costs and benefits of group life 
(see e.g. Bradbury and Vehrencamp 1977; Clutton- 
Brock and Harvey 1977; Emlen and Oring 1977; 
Warner 1980; Wrangham 1980). While these func- 
tional models often offer plausible explanations for 
the evolution of species-typical behavior, such as co- 
operation among related females, they are not always 
useful in making precise, quantitative predictions 

about individual differences in the behavior of ani- 
mals living in highly variable social groups (Chase 
1980). Sociality may impose variable constraints on 
individuals, even when such individuals are of the 
same sex, inhabit the same range, and compete for 
the same resources. For example, females in many 
species of Old World Monkeys form linear dominance 
hierarchies in which related individuals occupy adja- 
cent ranks (Kawai 1958; Koyama 1967; Sade 1967; 
Missakian 1972; Cheney 1977 and in prep.; Chapais 
and Schulman 1980). Because a female usually as- 
sumes her mother's dominance rank, each individual 
is confronted from a very early age with a different 
social environment to which she must adapt her be- 
havior. This paper considers the costs and benefits 
of high and low rank to free-ranging female vervet 
monkeys (Cercopithecus aethiops), and discusses some 
behavioral adaptations related to minimizing those 
costs and maximizing potential benefit. 

A number of studies of captive and semi-captive 
groups of macaques have suggested that high-ranking 
females are able to raise more offspring than are low- 
ranking females (Drickamer 1974; Sade et al. 1976; 
Wilson etal. 1978; Silk etal. 1981). Two factors 
appear to contribute to the differential reproductive 
success of high-ranking females: harrassment of low- 
ranking females (see Discussion below) and priority 
of access to food and water (Dittus 1977; Wrangham 
1981 ; see also below). 

All previous studies documenting a positive rela- 
tion between female rank and reproductive success 
have been conducted either on captive, provisioned 
populations (see references above) or in areas where 
predators are rare (Dunbar and Dunbar 1977). In 
contrast, the vervet monkeys described here con- 
fronted predators regularly. Deaths due to predation 
and those due to illness during periods of food scar- 
city were non-randomly distributed with reference to 
dominance rank, and individuals appeared to adopt 
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different  behav io ra l  s t ra tegies  depend ing  u p o n  thei r  
suscept ib i l i ty  to d i f fe ren t  k inds  o f  mor ta l i ty .  In  de- 
scr ib ing the behav io r  o f  high-  and  low- rank ing  fe- 
males ,  we do  no t  p r o p o s e  to  offer a defini t ive analys is  
o f  the  re la t ion  be tween  behav io r  and  ind iv idua l  r ep ro -  
duct ive  success, which  in any  p r ima t e  species w o u l d  
t ake  years  o f  obse rva t ion ,  Ins tead,  our  a im is to p ro -  
vide some examples  o f  the ways  in which  the social  
env i ronmen t  p laces  different  selective pressures  on 
individuals ,  even t hough  such ind iv idua ls  live in the  
same group ,  con f ron t  the same p reda to r s ,  and  uti l ize 
the  same food  resources.  

Materials and Methods 

The three vervet groups discussed in this paper have been studied 
continuously since at least 1977 in Amboseli National Park, Kenya. 
The park lies in an area of semi-arid acacia savanna that has 
been described by Struhsaker (1967a), Altmann and Altmann 
(1970), and Western and Van Praet (1973). Between March 1977, 
and September 1980, the period examined in this paper, the three 
study groups ranged in size from 11 to 28 individuals. Births, 
deaths, immigrations, and emigrations were monitored throughout 
this period. Although the ages and genetic relations among adults 
could not be determined, the mothers and siblings of almost all 
juveniles were known, either through birth dates or through pro- 
longed nipple contact with a particular adult female. In two cases 
maternity was inferred through grooming and the maintenance 
of spatial proximity (see Walters 1981). A 'family' was defined 
as an adult female and her immature offspring. A family's domi- 
nance rank was defined in terms of each adult female's rank relative 
to other females. This definition was adopted because in all cases 
when an adult female died her offspring retained their mothers' 
rank (unpublished data). Thus for purposes of analysis each family 
retained the same absolute rank even after the death of its adult 
female. 

The study groups inhabited contiguous home ranges, averaging 
approximately 0.4 km 2 in size (Lee, in prep.). The areas incorpo- 
rated by each group's home range remained stable throughout 
the study period. Each group actively defended its range against 
incursions by other groups (Struhsaker 1976b; Cheney 1981 ). Of 
the three study groups, Groups B and C had unrestricted access 
to permanent water holes. In contrast, no pools of water were 
available to Group A during the dry seasons, which extend from 
between February and March and between June and November 
of each year. 

The study groups were observed by Cheney and Seyfarth in 
1977, 1978, and 1980, and by Lee during 1978 and 1979. Because 
the scientific aims of our research varied, some behavioral measures 
were not gathered continuously. As a result, many of the behavioral 
data we present do not incorporate the entire period between 1977 
and 1980. In addition, some data described in this paper have 
already been published elsewhere. In some cases we therefore sum- 
marize our findings from other works. 

Data were gathered using focal animal, behavior-dependent, 
and ad libitum sampling techniques (Altmann 1974). In the follow- 
ing analysis, data from each group have been presented separately. 
In the case of Spearman correlations, we present separate correla- 
tions for each group, as well as an overall correlation coefficient 
(/3) (Kraemer 1975) whenever statistical tests revealed no significant 
heterogeneity across group. All tests are two-tailed. 

Results 

A. Competition Among Females 

Like  b a b o o n s  a n d  macaques ,  female  vervets  r ema in  
in thei r  na ta l  g roups  t h r o u g h o u t  thei r  lives, while 
males  emigra te  to ne ighbor ing  g roups  at  a r o u n d  sex- 
ual  m a t u r i t y  (Cheney  1981). Wi th in  the group,  adu l t  
females  can  be r a n k e d  in l inear  d o m i n a n c e  hierar-  
chies, based  on the d i rec t ion  o f  a p p r o a c h - r e t r e a t  in- 
te rac t ions  (Seyfar th  1980). Table  1 shows the d is t r ibu-  
t ion  o f  a p p r o a c h - r e t r e a t  in te rac t ions  a m o n g  adu l t  fe- 
males  dur ing  a 14 m o n t h  pe r iod  in 1977 and  1978. 
In G r o u p s  A and  C, female  r anks  r e m a i n e d  s table  
t h rough  1980, wi th  daugh te r s  assuming  ranks  s imilar  
to those  o f  thei r  mo the r s  (Cheney,  in prep.  ; Lee, 
in prep.) .  In  G r o u p  B, two pa i r s  o f  a d j a c e n t l y - r anked  
females  switched ranks  in 1978. In  bo th  cases, fo rmer -  
ly lower - rank ing  ind iv idua ls  were  subadu l t  females 
who  rose one place  in the r ank  o rde r  af ter  the  female  
r a n k e d  immed ia t e ly  above  t hem had  given bir th.  In  
each case, phys ica l  r e semblance  suggested tha t  the  
females  .who switched r anks  m a y  have been sisters, 
but  lack  o f  long- te rm da t a  p rec lude  any  defini t ive 
s ta tements  regard ing  thei r  genet ic  re la t ionsh ips  (see 
Cha pa i s  and  Schu lman  1980). 

H i g h - r a n k i n g  females  in each o f  the s tudy g roups  
were consis tent ly  able  to  exclude lower - rank ing  ani-  
mals  f rom food  and  wate r  (Seyfar th  1980; W r a n g h a m  
1981). Such unres t r ic ted  access to  scarce resources  
appea r s  to have increased  the p r o b a b i l i t y  o f  survival  
dur ing  per iods  o f  food  scarci ty  (see below).  

B. Reproductive Success and Causes of  Mortality 

1. Re p roduc t i ve  Success 

The  unres t r ic ted  access o f  h igh - rank ing  females  to 
food  and  water  suggests tha t  such ind iv idua ls  might  
have  had  a reproduc t ive  a d v a n t a g e  over  l ow- rank ing  
females,  especial ly dur ing  pe r iods  o f  food  scarcity.  
D u r i n g  the 3.5 year  pe r iod  be tween M a r c h  1977, and  
Sep tember  1980, there  were no  cons is ten t  r ank - r e l a t ed  
differences in b i r th  ra tes  (Table  2). A n y  va r i a t ion  
in r ep roduc t ive  success a m o n g  females  of  different  
r anks  should  therefore  have  been co r re l a t ed  with  dif- 
ferent ia l  offspr ing survival.  

Tab le  3 cons iders  r ep roduc t ive  success over  three  
b i r th  seasons (1977, 1978, 1979) in t e rms  o f  bo th  
the  p r o p o r t i o n  and  the abso lu te  n u m b e r  o f  a female ' s  
infants  to  survive to 12 months .  W e  cons ider  r ep ro -  
duct ive  success in te rms o f  infant  survival  for  two 
reasons .  Fi rs t ,  infant  and  juveni le  m o r t a l i t y  was high-  
est dur ing  the first  12 mon ths  o f  life (Fig.  1). Second,  
the  inc lus ion o f  a female ' s  o lder  of fspr ing  (i.e. those  



Table 1. The distribution of  approach-retreat  interactions among  
adult  females in each study group. Individuals are arranged in 
the rank order that  produced the fewest reversals. Data  were gath- 
ered during 1977 and 1978 

Group A 

LB ~ 
D N  a 

2~ BA 
MP 

O 
A N  
LL 
VF 
OJ 

Avoiding 

LB D N  BA MP A N  LL VF OJ 

39 
29 62 47 67 33 40 11 

51 38 37 16 16 13 
70 65 49 55 19 

1 40 44 32 19 
21 21 6 

18 11 
19 

Group  B 

S M  b 
. ~  B K b  

A M  
F R  
DU 

.< pT  b 
MA b 

Avoiding 

SM BK A M  F R  D U  PT M A  

34 33 49 25 
46 33 30 

36 24 
26 

29 23 
27 33 
25 20 
51 37 
34 22 

4 
3 

Group C 

PR 
AP 

= TD 
LH 
ML 
BB 
SZ 
LO 

Avoiding 

PR  AP TD L H ML BB SZ LO 

37 61 48 55 34 38 29 
34 32 40 23 21 20 

21 21 18 15 12 
23 20 26 14 

24 39 22 
1 19 7 

12 

a Switched ranks in 1977 
b Switched ranks in late 1978. Based on focal aminat plus sequence 

sampling 

born before 1977) would ignore the possibility that 
some females might have had infants who died before 
the start of  our study. For  purposes of  comparison, 
however, we also indicate the total number  of  a fe- 
male 's  known offspring who survived through 1980 
(Tables 2 and 3). As Table 3 indicates, there were 
no rank-related differences in infant survival in any 
of the three study groups. 
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Table 2. The mean  rate at which adult  females of  different domi- 
nance ranks gave birth during 1977, 1978, and 1979. The total 
number  of  offspring known to have been produced by each female 
is also shown. Adult  females have been assigned the ranks they 
occupied for the longest period of time. Female rank is expressed 
in terms of the proport ion of  individuals whom they dominated 
in order to permit comparison across groups in which the number  
of  adult females varied 

Adult  % of No. of  No. of  Mean Total 
~ ~ birth infs. no. no. of  

domi- seasons born infs./ known 
nated alive year off- 

(1977 1979) spring 

Group A DN 100 3 2 0.67 3 
LB 86 3 2 0.67 3 
BA 71 3 2 0.67 3 
MP 57 1 1 1.00 2 
A N  43 3 2 0.67 3 
LL 29 1 1 1.00 3 
VF 14 1 1 1.00 1 
OJ 0 1 1 1.00 4 

G r o u p B  BK 100 3 0 0 0 
SM 83 3 2 0.67 2 
AM 67 3 2 0.67 3 
F R  50 3 2 0.67 2 
D U  33 3 2 0.67 2 
MA 17 3 2 0.67 2 
PT 0 3 3 1.00 3 

Group C PR 100 3 3 1.00 5 
AP 86 1 1 1.00 3 
TD 71 3 0 0 0 
LH 57 3 3 1.00 5 
ML 43 3 2 0.67 4 
BB 29 3 3 1.00 3 
SZ 14 2 1 0.50 3 
LO 0 3 2 0.67 2 

The results presented in Tables 2 and 3 should 
be interpreted with caution, since they do not control 
for female age, a factor which often affects female 
reproductive success (Altmann 1980; Silk et al. 1981). 
Although the ages of  females in our study population 
were not  known,  we were able to identify most  fe- 
males as either multi- or primiparous. Even when 
female parity was controlled, however,  there were no 
significant differences in infant survival rates among  
females of  high or low rank. 

Thus over the short term, two conclusions emerge. 
First, high-ranking females did not  raise more off- 
spring than did low-ranking females. Second, the lack 
of  a positive relation between female rank and repro- 
ductive success was not simply an artifact of  female 
age. 

2. Causes of  Mortality 

The lack o f  a relation between female rank and repro- 
ductive success in our study population results in part 
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Table 3. The proportion and absolute number of  infants born 
in 1977, 1978, and 1979 to adult females of  different dominance 
ranks that survived their first 12 months. The total number of 
each adult female's known offspring to survive through 1980 is 
also shown. Spearman correlations r~ illustrate the extent to which 
ranking by offspring survival is correlated with dominance rank. 
Females who did not produce offspring have been excluded. See 
Table 2 for legend and for the total number of offspring born 
to each female 

Adult % of  % of  No. of Total 
~ ~ infs. infs. no. of  

domi- to to surviving 
hated survive survive offspring 

Group A DN 100 0 0 1 
LB 86 50 1 1 
BA 71 100 2 3 
MP 57 0 0 0 
AN 43 50 1 2 
LL 29 0 0 2 
VF 14 0 0 0 
OJ 0 0 0 1 

rs=0.399 r~=0.399 rs=0.148 

Gr oupB  SM 83 50 1 0 
A M  67 100 2 2 
FR  50 50 1 0 
D U  33 50 1 1 
MA 17 50 1 1 
PT 0 67 2 1 

Group C 

r~=-0 .068  r~=-0 .207  r~=-0 .278  

PR 100 33 1 2 
AP 86 0 0 1 
LH 57 33 1 3 
ML 43 50 1 3 
BB 29 0 0 0 
SZ 14 100 1 3 
LO 0 50 1 1 

r~= -0.551 r~= -0 .158 r~=0.094 

from the fact that causes of  mortality were non-ran- 
domly distributed among individuals of different 
ranks. Table 4 divides causes of mortality into a 
number of  categories. 

Confirmed predations occurred when a predation 
was witnessed, either by ourselves or by scientists 
conducting research on baboons. Between 1977 and 
1980, we confirmed two predations by leopards, five 
by baboons, one by a martial eagle, two by pythons, 
and one by an unidentified carnivore. 

Animals who disappeard healthy were observed 
to be in apparent good health within 24 h of  their 
disappearance. In almost all cases when an animal 
disappeared under such circumstances a predator was 
observed within 24 h in the range of  that individual's 
group, and the members of  the group behaved as 
if a predation had occurred. The monkeys alarm- 
called at high rates, were hesitant in descending from 
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Fig. 1. The cumulative proportion of infants that survived to var- 
ious ages 

Table 4. The causes of mortality among vervets over a 3.5 year 
period. See text for definitions of  each category. The total number 
of  individuals known to have lived in each group during the time 
period is indicated 

Causes of  mortality 
March 1977-September 1980 

Preda- Disap- Ill- Die Disappear 
tion pear, ness following during 

seen Mother 's  observer's 
healthy death absence 
within 24 h due to of 24 h 

Group A 
(36 inds.) 

Group B 
(24 inds.) 

Group C 
(38 inds.) 

3 2 7 predation: 2 7 
illness: 1 

unknown: 1 

1 6 0 0 3 

6 1 2 predation: 1 6 

4 -  

El 
w 2 -  

2-  

. J  

4 -  

U 

d F M A M J d A S 0 N D 

IDR Y I I DRY 

Fig. 2, The seasonal distribution of  mortality due to predation 
and illness. Figures on the y-axis indicate numbers of deaths per 
month 
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their sleeping trees, and ran back into the trees at 
the slightest disturbance. One adult male disappeared 
in apparent good health, and it was impossible to 
determine whether he died or emigrated to a distant, 
non-adjacent group. When adult females or juveniles 
of either sex disappeared healthy, however, they were 
presumed to have died. We felt justified in making 
this assumption because adult and juvenile famales 
have never been observed to emigrate. In the case 
of juvenile males, all five individuals observed to emi- 
grate were orphans who transferred to adjacent 
groups in the company of their brothers or peers, 
and whose movements were therefore easy to docu- 
ment (Cheney and Seyfarth 1981b). At present, we 
hypothesize that animals who disappeared in appar- 
ent good health were preyed upon. 

Deaths due to illness were recorded whenever ani- 
mals manifested unambiguous signs of  disease or 
listlessness within 24 h of their disappearance. In all 
cases when vervets were observed to die following 
illness, they showed symptoms of illness for at least 
24 h. In seven of  nine cases when vervets were said 
to die of illness, they were afflicted either with a 
staphylococcic infection of the eye (Else, personal 
communication) or with a disease in which a male's 
testicles, which are normally blue, become shrivelled 
and black. All deaths due to illness occurred during 
the dry season. Seven of nine such deaths occurred 
in Group A, which had no surface water during the 
dry season. In contrast, deaths due to predation were 
not concentrated in any given month, and did not 
coincide with those due to illness (Fig. 2). 

Five infants, aged between three and eight months, 
died following their mother 's  death. The youngest 
infant to survive its mother 's death was aged six 
months. The next youngest orphan to survive was 
16 months of age. 

Finally, 16 animals disappeared during a period 
when the observer was absent for more than 24 h. 
In such cases, the observer's absence precluded any 
conclusions regarding the cause of death. 

Although the sample of confirmed causes of  mor- 
tality is small, there is nevertheless evidence that pre- 
dation and illness affected individuals in a non-ran- 
dom manner. Of nine adult females and juveniles 
who died of predation, eight were members of families 
above median rank. In contrast, o f  seven adult fe- 
males and juveniles who died following illness, five 
were members of  families below median rank (Two- 
tailed Fisher exact probability test, P < 0.10). The two 
individuals above median rank who died following 
illness were members o f  the fourth-ranking family 
in a group of eight families. 

It is probably not surprising that the members 
of high-ranking families were at an advantage during 
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Fig. 3. The relative frequency with which the members of families 
of different ranks were preyed upon or disappeared healthy between 
1977 and 1980. Families are defined as adult females and their 
offspring, and are arranged on the x-axis according to the propor- 
tion of females whom each adult female dominated in approach- 
retreat interactions. Females have been assigned the ranks they 
occupied for the longest time period. Analysis excludes animals 
who disappeared during more than 24 h of the observers' absen- 
ce. Spearman correlations illustrate the extent to which ranking 
by dominance was correlated with ranking by mortality. * P < 0.05 ; 
**P<0.01 

periods of limited food and water availability, since 
they were able to exclude others from scarce resources 
(Wrangham 19~1). At least over the short term, how- 
ever, high-ranking females did not raise more off- 
spring than did low-ranking females, suggesting that 
access to food and water alone did not determine 
the probability of survival. Data on confirmed cases 
of predation suggest that high-ranking females and 
their offspring were preyed upon more than lower- 
ranking individuals. In Fig. 3, we consider the cor- 
relation between a family's rank and the frequency 
with which its members were preyed upon or disap- 
peared healthy (probable predation). Overall, the 
members of  high-ranking families were significantly 
more likely than the members of  low-ranking families 
to die under such circumstances. 

C. Correlates of  Non-Random Mortality 

1. Group Progressions 

It is difficult to elucidate the causal factors that contrib- 
uted to the vulnerability of high-ranking animals to 
predation. One possibility concerns the manner in 
which a group moves through its range, and the rank 
order that animals assume during group progressions. 
Data gathered in 1978, for example, indicate that 
the offspring of  high-ranking females were significant- 
ly more likely than the offspring of low-ranking fe- 
males to be in the forefront of group progressions 
(see Cheney and Seyfarth 1981 a for a complete descrip- 
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Fig. 4. The relative frequency with which adult females of different 
dominance ranks were the first to alarm-call at predators. Legend 
as in Fig. 3. Data based on 28 first alarm calls by females in 
Group A, 17 in Group B, and 39 in Group C 

tion of these results). The offspring of high-ranking 
females thus preceded other juveniles when the group 
moved into new areas of its range, a behavior that 
may have increased their vulnerability to predation. 
Exactly why high-ranking juveniles preceded their 
peers is not known. Since such individuals were able 
to supplant others from food and water, there is no 
obvious way in which high-ranking juveniles would 
benefit from leading group progressions. Similarly, 
ther is no evidence that the individuals who led group 
progressions during 1978 were subsequently more lik- 
ely than others to be preyed upon or to disappear 
healthy. 

2. Alarm-Calling 

Data on causes of mortality suggest that high- and 
low-ranking animals may have different selective pres- 
sures placed upon them, despite living in the same 
habitat and confronting the same predators and food 
resources. This raises the possibility that animals of 
different ranks may respond differently to similar so- 
cial and environmental variables. For example, results 
suggest that high-ranking females and their offspring 
were more vulnerable that other animals to predation. 
High-ranking females were also more likely than 
others to be the first to alarm-call when their group 
encountered predators. Figure 4 illustrates the corre- 
lation between dominance rank and the frequency 
of first alarm calls for adult females. Data are taken 
from the total number of first alarms given by females 
in each study group over a 14 month period in 1977 
and 1978. Analysis considers only the first alarm call 
to be given to a predator because such alarms presum- 
ably play the greatest role in warning other group 

members of danger (for a detailed description of 
alarm calls to predators, see Cheney and Seyfarth 
1981a). As Fig. 4 illustrates, high-ranking females 
alarm-called more frequently than low-ranking fe- 
males. 

Although we do not know the precise relation 
between high frequencies of alarm-calling and vulner- 
ability to predation, a number of possible explana- 
tions can be ruled out. Because there was no correla- 
tion between female rank and reproductive success, 
it is unlikely that high-ranking females alarm-called 
most because they had the most relatives, as might 
be argued by a kin selection hypothesis (see e.g. Sher- 
man 1977). At a more proximate level, films of scan- 
ning behavior did not suggest that high-ranking fe- 
males had a greater probability of spotting predators 
before others did. Similarly, there was no evidence 
that alarm-calling increased an individual's vulnerabil- 
ity to predation. All observed cases of predation oc- 
curred before any alarm calls had been given, suggest- 
ing that predation was most likely to occur before 
the vervets had become aware of danger (Cheney and 
Seyfarth 1981a; see also Altmann and Altmann 1970 
for a description of vervet interactions with baboons). 
The frequency with which adult females alarm-called 
appears to have been primarily a function of both 
the particular predator involved and some combina- 
tion of their own and their offsprings' vulnerability. 
Moreover, the lack of a correlation between alarm- 
calling and scanning behavior suggests that individ- 
uals who had seen predators may have 'chosen' 
whether to give an alarm call or remain silent (see 
Cheney and Seyfarth 198 la). 

3. Group Defense Against Conspecifics 

High-ranking females in the three study groups had 
a competitive advantage over others, and they ap- 
peared to benefit more than others from the resources 
contained within their group's range. Such differential 
benefit may have caused high-ranking females to be 
more aggressive than low-ranking females during in- 
tergroup encounters, and to be more active in prevent- 
ing other vervet groups from utilizing their group's 
resources. 

Vervet groups inhabit largely non-overlapping 
home ranges. Encounters between groups may involve 
vocalizations alone, or peaceful mingling and even 
grooming, playing, and copulation. Frequently, how- 
ever, intergroup encounters escalate into aggressive 
chases and physical attacks, in which monkeys of 
all ages and sex participate (Cheney 1981). Figure 
5 illustrates the frequency with which adult females 
of different ranks were aggressive toward the 
members of other groups during intergroup en- 
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Fig. 5. The relative frequency with which adult females of different 
dominance ranks were aggressive toward the members of other 
groups during intergroup encounters. Legend as in Fig. 3. Data 
based on 96 encounters involving Group A, 139 involving Group 
B, and 118 involving Group C 

Table 5. The proportion of each adult female's interactions with 
the members of other groups that were friendly, n= to t a l  number 
of friendly and aggressive interactions initiated by Group B females 
during intergroup encounters in 1977, 1978, and 1980 

Adult % of  ~ n = % of friendly 
~ dominated interactions 

BK 100 85 13 
SM 83 42 2 
AM 67 28 4 
FR  50 36 25 
DU 33 24 17 
MA 17 65 23 
PT 0 45 51 

rs= -0 .786 
P<0.10  

counters. Such encounters were defined as any vocal 
or behavioral interactions between the members of 
different groups (Cheney 1981), and results are based 
on intergroup encounters observed during 1977 and 
1978. Data indicate that high-ranking females in two 
of the three study groups were significantly more ag- 
gressive during intergroup encounters than were low- 
ranking females. 

Friendly interactions between the members of dif- 
ferent groups were also non-randomly distributed 
among adult females of  different dominance ranks. 
Juvenile males and females of  all ranks occasionally 
groomed, played with, touched, or mounted the 
members of other groups. Among adult females, such 
friendly interactions were rare. When they did occur, 
however, they tended to be initiated by low-ranking 
individuals. In Groups A and C, both of which origi- 
nally included eight adult females, the only females 
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over five years of age who were ever observed to 
initiate friendly interactions with the members of  
other groups were ranked six and seven. In Group 
B, all females were observed to initiate such interac- 
tions. Rates of friendly interactions, however, were 
inversely correlated with rank (Table 5). In summary, 
therefore, while high-ranking females were more ag- 
gressive than low-ranking females during intergroup 
encounters, most friendly interactions were initiated 
by low-ranking females. 

Discussion 

Over a 3.5 year period, deaths due to illness and 
predation operated in a non-random manner on ver- 
vet monkeys in Amboseli. Excluding cases in which 
animals disappeared during the observer's absence, 
deaths due to illness accounted for 27% of  all cases 
of  mortality, and were concentrated among low-rank- 
ing animals. Such deaths resulted at least in part from 
the limited availability of food and water during the 
dry season (see Wrangham 1981). Predation also 
seemed to exert strong selective pressures on vervet 
monkeys. Speaking conservatively, 30% of all deaths 
in the three study groups were due to predation. If  
cases in which animals disappeared healthy are in- 
cluded, predation may have been responsible for 58% 
of  all deaths. As with illness, predation affected ver- 
vets in a non-random manner: high-ranking animals 
were more likely than low-ranking animals to be prey- 
ed upon. Because illness and predation affected some 
individuals more than others, they may also have 
influenced behavior in a non-random manner. In 
other words, the distribution of causes of  mortality 
suggests that individuals living in the same social 
group may confront different selective pressures, and 
may, as a result, respond differently to similar social 
and environmental variables. 

A number of studies have shown a reproductive 
advantage to females of high rank (see Introduction). 
In some cases, harrassment by high-ranking females 
may lower the fecundity of low-ranking females (Dun- 
bar 1980; Silk etal .  1981). This did not appear 
to be the case for the Amboseli vervet monkeys, be- 
cause there was no relation between dominance rank 
and birth rate. Instead, the advantage of high rank 
appeared to be priority of access to food and water, 
and a lowered probability of mortality during periods 
of food scarcity. In this respect, data on vervet mon- 
keys resemble those on Toque macaques (Dittus 
1977), among whom mortality seems to be socially 
mediated through intragroup competition for food. 
Because many of ~ the constraints imposed on low- 
ranking vervet monkeys also appeared to be social 
in nature, such individuals may consequently have 
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a d o p t e d  social  s t rategies  in o rde r  to  coun te rac t  thei r  
subo rd ina t e  status.  

Previous  s tudies  o f  b a b o o n s ,  macaques ,  a n d  vervet  
m o n k e y s  p rov ide  a n u m b e r  o f  i l lus t ra t ions  o f  the  
m a n n e r  in which  l o w - r a n k i n g  females  m a y  a t t e m p t  
to improve  thei r  compe t i t ive  abil i t ies.  F o r  example ,  
l o w - r a n k i n g  females  of ten a t t e m p t  to in teract  affinit i-  
vely wi th  h igh - r ank ing  females.  Such in te rac t ions  
seem adap t ive ,  because  they  occas iona l ly  pe rmi t  low- 
r ank ing  females  to feed near  h igh - r ank ing  an imals ,  
or  to gain  the  suppo r t  o f  h igh - r ank ing  an imals  in 
aggressive d i sputes  (Seyfar th  1977, 1980; Chap a i s  and  
Schu lman  1980; F a i r b a n k s  1980). Bonds  f o r m e d  with  
h igh - rank ing  females  m a y  therefore  pe rmi t  l ow- rank-  
ing ind iv idua ls  to  ga in  access to  resources  f rom which  
they  might  o therwise  be excluded,  even i f  they  do  
no t  inc rement  the  ind iv idua l s '  ranks .  Similar ly ,  low- 
r ank ing  female  vervet  m o n k e y s  were more  l ikely t han  
h igh - rank ing  females  to in i t ia te  f r iendly  in te rac t ions  
wi th  the m e m b e r s  o f  o the r  groups .  L o w - r a n k i n g  fe- 
males  seemed to have  the  least  to ga in  f rom the ma in -  
tenance  o f  the  s ta tus  quo  wi th in  their  g roups ,  and  
seemed mos t  l ikely to in i t ia te  in te rac t ions  tha t  migh t  
have had  the consequence  o f  d i s rup t ing  g roup  cohe-  
s ion (see also C h e p k o - S a d e  a n d  Sade 1979). In  con-  
t ras t ,  h igh - r ank ing  females ,  who  had  the mos t  exclu-  
sive access to  thei r  g r o u p ' s  resources ,  were mos t  act ive 
in defend ing  the i r  g r o u p ' s  range  aga ins t  incurs ions  
by  conspecif ics ,  a n d  in segregat ing  thei r  g r o u p  f rom 
in t ruders .  

Whi l e  h igh - r ank ing  females  in this  s tudy  h a d  
p r io r i t y  o f  access to  food  and  water ,  we were unab le  
to  d o c u m e n t  a pos i t ive  co r re l a t ion  be tween  r ank  and  
r ep roduc t ive  success, a t  least  over  the  shor t  term.  
This  seems due a t  least  in pa r t  to the  fact  tha t  h igh-  
r ank ing  an ima l s  were more  l ikely t han  o thers  to die 
o f  p reda t ion .  The  precise  cause o f  thei r  vu lnerab i l i ty  
to  p r e d a t i o n  r emains  obscure.  One behav io ra l  a d a p t a -  
t ion  to  such vulnerab i l i ty ,  however ,  seemed to be an  
increase  in the  f requency  wi th  which  h igh - r a nk ing  
females  gave a l a r m  calls. Such a l a rm-ca l l ing  by  high-  
r a n k i n g  ind iv idua l s  emphas izes  tha t  r ep roduc t ive  suc- 
cess m a y  be  inf luenced by m a n y  factors .  A l l  p rev ious  
s tudies  d o c u m e n t i n g  a pos i t ive  co r re la t ion  be tween 
female  r ank  and  r ep roduc t ive  success have  been con-  
duc ted  ei ther  on  p rov i s ioned  g roups  or  in a reas  where  
p r e d a t o r s  a re  rare.  In  cont ras t ,  results  p resen ted  here  
suggest  a cost,  as well as a benefi t ,  to high rank .  
This  is no t  to say tha t  such costs  necessar i ly  ou tweigh  
the benefits.  D u r i n g  per iods  o f  d r o u g h t  or  f o o d  scar-  
city, for  example ,  h igh - r ank ing  an imals  a re  l ikely to 
be less vu lne rab le  than  o thers  to s t a rva t ion  and  dis- 
ease. The  d a t a  suggest,  however ,  tha t  pa t t e rns  of  be-  
hav io r  a ssoc ia ted  with  high r ank  m a y  increase  the 
r isk  o f  m o r t a l i t y  due to  o ther  factors .  Ind iv idua l s  

a p p e a r  to a t t e mp t  to coun te rac t  the  l iabil i t ies  o f  high 
r ank  by  chang ing  their  response  to  pa r t i cu l a r  envi ron-  
menta l  variables .  
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