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Abstract. Dominance relationships between adult and adolescent female yellow ba-
boons, Papio cynocephalus, were studied in Amboseli Park, Kenya. Adolescents attempted
to become dominant to some females (called ‘targeted females’) while remaining subordi-
nate to others. Agonistic relationships with targeted females passed through a sequence of
stages before the younger female achieved dominance. An examination of nondyadic agonis-
tic interactions revealed that adolescents frequently intervened against targeted females, but
never against nontargeted females, and that others sometimes aided adolescents against
targeted females, but aided nontargeted females against adolescents. Interveners were unre-
lated adult females and other adolescents as well as kin. Targeting was determined by birth
rank (the rank of the adolescent’s mother at the time of the adolescent’s birth) and did not
depend on interventions by the mother.

Introduction

An appropriate beginning to any study of dominance is a statement of how
the concept is to be used and defined. In this study, dominance is used as an
intervening variable in the sense of Hinde [1974, 1978], and is defined by the
outcome of agonistic interactions. The behaviors used to assess outcomes are
chosen so as to maximize the polarity of dyadic relationships and the consisten-
cy over time of that polarity, while retaining an intuitive notion of the nature of
dominance (i.e. the psychological relationship between individuals described by
Hinde [1978] as who bosses whom). When defined this way [e.g. Sade, 1967,
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Hausfater, 1975], dominance has proved to be a powerful intervening variable,
especially in studies of cercopithecine primates, with considerable predictive and
possibly explanatory value with respect to the frequency and directionality of a
wide range of behaviors other than those used to define dominance: interactive
approaches to females with infants [e.g. Altmann, 1980], access to resources
such as food and mates [e.g. Hausfater, 1975], and complex patterns of interac-
tion within groups [e.g. Seyfarth, 1977].

Longitudinal field studies of cercopithecines have revealed a common domi-
nance system among females characterized by (1) linear hierarchies, (2) strong
polarity and stability, often over lifetimes, of the dyadic relationships that com-
prise these hierarchies, and (3) a strong influence of the rank of mothers on their
daughters’ ranks (and a corresponding lack of influence of physical factors such
as size and deformities) [Japanese macaques, Macaca fuscata: Kawai, 1965a,
1965b; Yamada, 1963; Kawamura, 1965; Koyama, 1967, 1970; Mori, 1975;
Rhesus macaques, M. mulatta: Sade, 1967, 1972; Koford, 1963; Kaufmann,
1967 ; Missakian, 1972; Java monkeys, M. fascicularis: Angst, 1975; baboons,
Papio spp.: Hausfater, 1975, Hausfater et al., 1979; Cheney, 1977].

The means by which such systems, and the dyadic relationships that com-
prise them, develop and are maintained are not as well documented as is their
structure, although several interesting ideas have been proposed. Two mecha-
nisms that might account for the influence of mother’s rank were described in
the pioneering studies of Kawai [1965a, 1965b]. First, an infant may learn its
position in the hierarchy by observing the interactions of its mother, or how it
is treated by others in nonagonistic interactions, at an early age, long before the
infant becomes involved in agonistic interactions [Gouzoules, 1975; Sade, 1972;
Altmann, 1980]. Several studies have shown that the experiences of infants of
high-ranking mothers differ considerably from those of infants of low-ranking
mothers, and that an individual’s behavior toward an infant is affected by its
dominance relationship with the mother [Gouzoules, 1975; Ransom and Rowell,
1972; Altmann, 1980; Walters, in prep.] Thus, there are many possible means by
which an infant can perceive its mother’s position in the hierarchy, and the
infant may then perceive that position as its own (this position will be called the
infant’s birth rank) when it begins to engage in agonistic interactions. In the
words of Kawai [1965a], ‘the behavior and attitude of the baby is a reflection of
its mother’s’.

A second possibility is that maternal influence on rank results from inter-
ventions by the mother in agonistic interactions involving its female offspring
[Kawai, 1965a; Sade, 1967, 1972; Cheney, 1977; De Waal, 1977]. A young

611:02:17 PM




Baboon Interventions 63

female might come to behave differently toward those adult females that her
mother dominates compared to those to whom her mother is subordinate, be-
cause the mother can punish only those females that she dominates when they
aggress against her daughter. This might enable the daughter to establish domi-
nance over all females that her mother (or some other ally) dominates (this pdsi-
tion, which depends on the rank of the ally at the time at which dominance is
established, will be called ally rank). Such interventions by kin allies are well
documented [Alexander and Bowers, 1969; Sade, 1972; Massey, 1977; Cheney,
1977, Kurland, 1977; Kaplan, 1977, 1978].

Although both mechanisms are plausible, the importance of each and the
extent of interaction between the two are not clear. Interventions by the mother
are not always necessary for rank acquisition, because females acquire their
mother’s rank in the absence of their mother (see references in second para-
graph, see also Loy and Loy, 1974). Interventions seem to be critical in deter-
mining rank in reintroduction experiments with captive animals [Marsden,
1968; Vessey, 1971 ; Bernstein et al., 1974a], and when animals join free-ranging
groups [Vandenbergh, 1967], however. In addition, the absence of the mother
sometimes affects dominance relationships between her daughters [Koyama,
1970].

These observations have implications for the mechanism involved in rank
acquisition, but direct evidence can only come from studies of the development
of dominance relationships between adult females and young females in intact
groups. Unfortunately, such studies are very few. Kawai [1965a] observed that
adult females dominated juvenile females in dyadic interactions (basic rank), but
some juveniles were able to dominate particular adults in the presence of other
individuals (dependent rank), specifically the juvenile’s kin. Dependent rank
became basic rank as the juvenile matured, but the mechanics and timing of this
change are not clear from Kawai’s studies.

Angst [1975] and especially De Waal [1977] have provided illuminating
descriptions of the development of dominance relationships in Java monkeys.
These authors view dependent rank as a transition stage leading to a reversal of
basic rank. This transition is prolonged and nonuniform, that is, it involves
several stages. Initially, the adult directs aggression toward the juvenile, who
responds with submissive behaviors. The juvenile tends to run from the adult
when approached by it in an agonistic context, but directs ‘appeal aggression’,
i.e. behaviors that involve soliciting the aid of others, against the adult, and often
joins in alliances against it. Later, the flight relationship (who runs from whom)
reverses, and then the submission relationship reverses. Finally, the juvenile
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directs aggression that does not involve soliciting others toward the adult, and
the reversed basic rank relationship is fully established.

The purpose of this paper is to examine the development of dominance
relationships between juvenile and adult females in yellow baboons, Papio
cynocephalus, emphasizing the roles of interventions (ally rank) and birth rank
in this process. Hausfater [1975] found that in most agonistic interactions be-
tween adult female baboons, one individual performed only aggressive behaviors
and the other performed only submissive behaviors, or one animal performed
submissive behaviors and the other exhibited neither aggressive nor submissive
behaviors. Within any dyad, one individual was consistently the submissive
member, the other the aggressive member. This kind of relationship will be con-
sidered the end product of the development of dominance relationships, and will
be compared to the relationships between adult and juvenile females.

Materials and Methods

Study Site and Study Group

Yellow baboons were studied for 11 months (September 1976 to July 1977) in Ambo-
seli National Park, Kenya. The Amboseli population and particularly the study group,
known as Alto’s Group, have been the subject of a longitudinal study of behavior and ecol-
ogy [Altmann and Altmann, 1970; Hausfater, 1975; Altmann et al., 1977; Altmann, 1980;
Post, 1978]. All members of Alto’s Group have been individually identified since 1971, so
much of the history of the individuals in this study, including age, maternal kin relation-
ships, and past dominance and social relationships, was known. The composition of the
group, which varied in size from 41 to 46 individuals during the study, is given in table I.

The group contained 6 adolescent females, ranging in age from 33 to 41 months at the
beginning of the study. Members of this cohort were the primary subjects of this study.
They provided a sample of individuals that differed in birth rank and in the number and
kind of potentially intervening kin present in the group (table II). The mothers, and hence
younger maternal siblings, of all individuals less than 8 years of age were known. In addi-
tion, the mothers of three of the mothers in the group, and hence the resulting maternal
cousin, aunt, and uncle relations, were also known. All other individuals will be referred to
as unrelated. These adolescents were 6 months to a year from reproductive maturity at the
end of the study [Altmann et al., 1977].

Data Collection and Analysis

The sampling procedure is described in detail in Walters [in prep.]. Briefly, 20-min
focal samples [Altmann, 1974] were taken on adolescent females on a rotating schedule.
Twelve samples were conducted per day, and a total of 80 h of samples were collected for
each female. Equal numbers of samples were obtained for each individual at every time of
day, but samples were distributed over the day so as to sample most frequently during those
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Table I. Composition of the study group

Age-sex class Actual ages' Total Number % of
individuals present group
Adult male >9 11 5-8 11-18
Adult female >6 14 13-14 28-34
Subadult male 6-7 2 2 4-5
Adolescent male 4 1 1 2
Adolescent female 3.5-4.5 6 6 13-15
Juvenile male 1-2.5 6 6 13-15
Juvenile female 1-2.5 7 6-7 13-16
Infant male <0.5 3 0-3 0-7
Infant female <0.5 3 0-2 0-5

' At end of study.

Table 1. Birth rank and living known kin of sampled adolescent females

Juvenile Birth Kin

Rank'
Dotty (Do) 1 adult sister Spot, juvenile sister Alice, juvenile niece Safi
Striper (St) 2 mother Mom, juvenile brother Moshi
Nazu (Na) S mother Preg, subadult brother Dogo, infant sister Pip
Cete (Ce) 6 mother Scar, juvenile sister Summer
Fanny (Fa) 7 mother Oval, juvenile brother Ozzie, juvenile sister Oreo

Janet (Ja) 10 none

! Relative to living adult females.

times when social behavior was most common. This scheme produces rates of behavior that
are comparable between individuals, but these rates are almost surely higher than the mean
daytime rate of social behavior, because nonsocial times of day were underrepresented in
the sample. Observations were conducted on foot at a distance of approximately 5 m from
the focal animal. These excellent observational conditions enabled accurate sampling of
subtle and rapid interactions.

All aggressive and submissive behaviors received or performed by the focal animal were
recorded. Aggressive behaviors included hit, shoved, grabbed, bit, chewed, held down,
threatened, lunged, and grappled, and submissive behaviors included grimaced, gave tail-up,
cowered, counterchased, screamed, and counterlunged (see ‘Appendix’; see also Hausfater,
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1975; Rowell, 1966). These behaviors have proved to be consistent indicators of subordina-
tion and dominance in previous studies of Alto’s Group [e.g. Hausfater, 1975]. Head-flag-
ging, a behavior that is used to solicit aid from others in agonistic interactions, was also
recorded.

Spatial displacements (i.e. supplantations) were also recorded. If B moved toward A,
and A looked at B and immediately moved away from B, B was said to displace A. Usually
B looked at A while moving toward A, and then utilized some resource (e.g. food item,
resting place, grooming partner) that A had been using. If agonistic behaviors occurred, a
displacement was not scored.

These same data were collected from nonfocal individuals concurrent with focal
samples, and from all individuals when not focal sampling. These records are considered
ad libitum samples of behavior [Altmann, 1974]. In total, over 1,470 h were spent with the
group during the study.

Development of Dominance Relationships

Developmental Stages

To facilitate description of dominance relationships the following notation
will be employed: let A denote one or more aggressive behaviors, S one or more
submissive behaviors, and O the absence of aggressive or submissive behaviors.
Let the subscript y indicate that the behavior was performed by an adolescent
(young) female, the subscript o an adult (old) female, and the subscripts x and z
any two females where age is not of interest. Then any dyadic agonistic inter-
action can be summarized in terms of the behaviors exhibited by each partici-
pant. For example, A,S, — A, describes an interaction in which the adult
female performed both aggressive and submissive behaviors and the adolescent
performed only aggressive behaviors.

Some adult female — adolescent female dominance relationships resembled
those described by Hausfater [1975] between adult females, that is, agonistic
interactions were always ‘won’ by one member of the dyad, in these cases the
adult, and they were nearly always of the form Sy — O, or Sy — A,. Head-
flagging was performed by only the adult. These relationships were stable over
the duration of the study.

Many adolescent female — adult female dominance relationships were very
different, however. In these dyads, interactions in which both individuals per-
formed aggressive behaviors (Ax — A;), interactions in which one individual per-
formed aggressive behaviors and the other failed to respond (Ax — O,), and
interactions in which one individual performed both aggressive and submissive
behaviors (A,Sy — A, ASx — A,S,) were common. Furthermore, these rela-
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tionships changed over time in terms of the relative frequencies of the various
kinds of interactions that occurred, passing through a distinct sequence of stages.
In the intial stage, the younger animal gave submissive behaviors toward the
adult, but never elicited submissive behaviors from the adult. Most interactions
were Sy, — A, or Sy — Oy, but occasional AyS, — A, and even Ay — A, inter-
actions also occurred, as the juveniles directed aggressive behaviors toward the
adults under certain circumstances. These circumstances included occasions
when the youngster’s mother was nearby, or especially occasions when the adult
female was already engaged in an agonistic interaction with an individual domi-
nant to her. Head-flagging was performed by only the juvenile, and always
accompanied aggression by the juvenile.

As the young matured, the relationship shifted from this initial S, — A,
stage to an SyAy — A, stage. The juvenile gave submissive behaviors less often
and aggressive behaviors more often than previously, whereas the adult con-
tinued to act aggressively. Thus, interactions were predominantly A,S, — A,
and Ay, — A,. Eventually, the juvenile ceased giving submissive behaviors, and
interactions consisted almost entirely of A, — A, (Ay — A, stage). Next, the
adult female began to give occasional submissive behaviors (Ay — A,S, inter-
actions) and to sometimes avoid the aggression of the juvenile (Ay — O, inter-
actions) (Ay — A,S, stage). Finally, aggression by the adult ceased, and the rela-
tionship became that characteristic of adult females, namely, consistent A, —
Se and Oy — S, interactions (A, — S, stage). Presumably this stage, in which
the younger female is dominant to the older one by Hausfater’s [1975] criteria,
persists thereafter. Head-flagging by the juvenile was common during all of these
stages.

I shall refer to adult females involved in these changing relationships as
‘targeted’ with respect to the adolescent member of the dyad. Those involved
in stable Sy — A, relationships will be referred to as ‘nontargeted’ with respect
to the adolescent member of the dyad.

The study was divided into 2-month periods, and each adult-adolescent
dyad was assigned to a stage in each period according to the frequencies of the
various kinds of agonistic interactions observed. Figure 1 shows the movement
of targeted adult-adolescent relationships through the stages during the study.
(Nontargeted adult-adolescent dyads, of course, did not change.) Most relation-
ships were at the A, — A, or an earlier stage (more toward Sy — A,) at the
beginning of the year, and at the Ay — A, or a later stage (more toward Ay —
S,) by the end of the year. The majority of these relationships were still not
adult-like (Ay — S, stage) by the end of the year.
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Of the 52 targeted adult-adolescent dyads, 35% did not change during the
study, 37% changed stage once, 19% changed twice, and 10% changed three
times. Most (78%) observed changes were to an adjacent stage (e.g. Sy — A, to
AyS, — A,), and only a few (6%) were jumps of more than two stages (e.g. Sy —
A, to Ay — AS,). Most (78%) changes were to a later stage. This sequence of
stages is thus a reasonable, though imperfect, description of the relationships ob-
served. Some of the imperfection is probably due to sampling error, i.e. many of
the interactions that occurred were not observed.

First Submission

Once an Ay — A,S, interaction occurred, adolescents were very unlikely
ever to give submissive behaviors again. In only 2 of 28 dyads (7%) in which the
Ay — AS, stage was reached were subsequent submissive behaviors by the
adolescent observed. Thus, the first elicitation of submissive behaviors from the
adult was a significant event in the development of dominance relationships.
This event will be called “first submission’.

The proportion of targeted adult-adolescent dyads in which first submission
had occurred is given as a function of adolescent age in figure 2. Although a
few first submissions occurred earlier, they began to occur frequently when the
adolescent was just over 3 years old, and over 50% had occurred before the
adolescent female was 4 years old. Thus, these changes often occurred when the
adolescents were still considerably smaller than adults [Altmann et al., 1977],
and physically appeared to be no match for them. In fact, it was common to ob-
serve an adult female thrash an adolescent in a physical encounter, flinging it
about, yet still give submissive behaviors toward the adolescent.

What were the causes of the variability in the age at which first submissions
occurred? As is shown in figure 3, some females (Slinky, Fem) consistently ex-
hibited first submission before others (Este, Plum, Oval, Vee) did. Because first
submission marks a change in the adult’s, rather than the adolescent’s, behavior,
this implies that some females resisted changes in dominance relationships more
than others. These differences were not obviously related to the rank or age of
the adult females (fig. 3). It is interesting that Oval, the only adult female in the
study that had fallen in rank, was resistant to, rather than tolerant of, changes in
dominance relationships with adolescents, whereas those that rose above her
(Fem, Gin, Slinky) were tolerant.

Differences among adolescents were also evident (fig. 3). Fanny and Cete
tended to elicit first submission at an early age, whereas Nazu tended to do so at
a late age. Striper was unusual in that she elicited first submission from several
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STAGE START TRANSITIONS END

Ay-So 13
Ay-AoSo 10 29
Ay-Ag a6 40
AySy-Ao 21

Sy-Ao 10

-0.64
0.51
o.a4
034+

021+

o} }

36737 38139 40141 42°43 24145 4647
ADOLESCENT'S AGE IN MONTHS

CUMULATIVE PROPORTION OF TARGETED FEMALES
FROM WHICH FIRST SUBMISSION WAS ELICITED

Fig. 1. Transitions between stages of dominance relationships. The second and fourth
columns give the proportions of targeted adult-adolescent dyads (n = 52) that were in each
stage at the beginning and end of the study, respectively. The numerals in the third column
indicate the percent of dyads in each stage X at the beginning of the study that were in stage
X, stage Y, etc. . ..at the end of the study.

Fig. 2. Age of adolescent when first submission elicited from adult. The points indi-
cate the cumulative proportion of targeted adult-adolescent dyads in which first submission
by the adult had occurred by the indicated age, and the vertical lines delimit binomial 95%
confidence intervals for these points.
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Fig. 3. Time of first submission for each dyad. m = Dyads in which first submission oc-
curred before the adolescent was 40 months of age; e = dyads in which first submission oc-
curred when the adolescent was 40—43 months of age; o = dyads in which first submission
occurred when the adolescent was greater than 43 months of age. Elements without squares
represent nontargeted adult-adolescent dyads. Adult females are listed in rank order from
top to bottom (ranks at time of birth of adolescents), and adolescent females are arranged
so that the diagonal elements of the matrix contain the adult females ranking immediately
below the mothers of the adolescents. Females that were full adults in 1971 are indicated
by 1, those that reached menarche between 1971 and late 1973 are indicated by 2, and
those that reached menarche in 1974 or later by 3.

females at a very early age (prior to the start of the study), but elicited first sub-
mission from very few additional females during the study. These differences
among adolescents were not correlated with birth ranks. They were, however,
correlated with the frequency with which adolescents were involved in agonistic
interactions. Fanny and Cete were the most active individuals (5.0 and 2.3 inter-
actions per targeted female respectively in 80 h of focal sampling), whereas Nazu
(0.9 interactions per female) and Striper (1.1 interactions per female) were the
least active. Differences in the age at which adolescents brought about changes in
their dominance relationships thus seemed to reflect differences in the efforts of
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Table I11. Spatial displacement relationships

With non-  With targeted females

targeted

females Sy-As  AySyAp Ay-Ag  Ay-AgSy AyS,
stage stage stage stage stage

Number of dyads 30 7 22 39 23 14
Displacement by adult 27 (90%) 2(29%) 4(18%) 3(8%) 2(9%) 0(0%)
Displacement

by adolescent 2 (7%) 2(29%) 4 (18%) 15(38%) 8 (35%) 6 (43%)

Displacement by both 0 (0%) 1(14%) 1(5%) 2(5%) 0(0%) 0(0%)
Displacement by neither 1(3%) 2(29%) 13(59%) 19 (44%) 13 (57%) 8 (57%)

Stages are defined in text. Displacement by neither means that no displacements were ob-
served, not that neither could displace the other.

the adolescents to bring about these changes. An alternative explanation is that
adolescents became more aggressive toward adults when the adults began ex-
hibiting submissive gestures toward them.

There was a weak tendency for first submission to occur earliest in dyads
along and near the main diagonal of the matrix (fig. 3), that is, with adult fe-
males nearest to the adolescent’s birth rank. The primary feature of the matrix,
however, is variability. Obviously, in contrast to dominance relationships be-
tween adults, dominance relationships between adult females and adolescent
females cannot be described in terms of a linear hierarchy.

Spatial Displacement

Table III shows that adolescents had different displacement relationships
with targeted adult females than with nontargeted females. With two exceptions,
the adult did all of the displacing in nontargeted adult-adolescent dyads. Thus,
these dyads were again like adult female dyads, in which one member of the
dyad, always the member scored as dominant from agonistic interactions, does
all of the displacing [Hausfater, 1975; Altmann, 1980]. The two exceptional
dyads were the only two nontargeted adult-adolescent dyads in which the
adolescent’s birth rank was above the adult’s rank (see below).

Displacement relationships with targeted females varied according to the
stage of the dominance relationship (table III). Adolescents displaced adults as
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Table IV. Determinants of targeting

Determinant Nontargeted Targeted
female female

(1)  Birth rank'
Birth rank higher than adult’s rank 2 50
Birth rank lower than adult’s rank 24 0

(2) Mother-ally rank
Mother present and higher ranking than adult 1 30
Mother absent or lower ranking than adult 26 20

(3)  Adult female kin-ally rank
Kin present and higher ranking than adult 2 42
Kin absent or lower ranking than adult 25 8

(4) Male and female kin-ally rank
Kin present and higher ranking than adult 6 42
Kin absent or lower ranking than adult 21 8

! There was one dyad for which birth rank was unknown.

often as adults displaced them in both the Sy, — A, and A,Sy, — A, stages. In
the Ay — A, and Ay — AS, stages, adolescents did most of the displacing, but
adults sometimes displaced them. Only when the Ay — S, stage was reached did
adolescents do all of the displacing. Again, this indicates that achievement of this
stage marked the beginning of an adult relationship. However, the disappearance
of submissive behaviors by adolescents also marked an important change in dis-
placement relationships.

Identity of Targeted Females

What determined whether a particular adult female was targeted by an
adolescent? One can make predictions based on either of the mechanisms of
rank acquisition discussed in the introduction, that is, birth rank or ally rank.
Birth rank was the better predictor: whether or not the adult female was target-
ed was correctly predicted from birth rank in 74 of 76 dyads, whereas the best
version of the ally rank model (adult female kin allies) predicted only 67 of 77
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dyads correctly (table IV). In both of the dyads incorrectly predicted from birth
rank, the displacement relationship resembled that found in nontargeted adult-
adolescent dyads (see above). Thus, these may be targeted adult-adolescent
dyads that had not yet developed beyond the Sy — A, stage by the end of the
study, in which case birth rank would be a perfect predictor of targeting.

Predicting targeting from ally rank, using only mothers as allies, produced
errors of three kinds. Most (17 or 21) were cases where targeting occurred de-
spite the absence, due to previous death, of the mother. 12 of these errors were
eliminated by assuming that other adult female kin can fill the mother’s role in
her absence (table IV). 3 other errors resulted from targeting by Fanny of adult
females Fem, Gin, and Slinky, who ranked above Fanny’s mother Oval. Oval had
dropped below these females in the hierarchy just prior to the present study.
One of the two dyads that produced errors in predictions from birth rank is also
incorrectly predicted from mother-ally rank, and both are incorrectly predicted
from adult female kin-ally rank.

One adolescent female, Nazu, had a subadult brother in the group. Although
this brother was dominant to all adult females in the group except one, his pres-
ence did not result in Nazu targeting any high-ranking females.

Kin dyads were excluded from the analysis of targeting because targeting in
these dyads cannot be predicted from either birth rank or mother-ally rank
without making some further assumptions about the mechanisms involved. Two
of four mothers were targeted by their daughters (Preg by Nazu, Scar by Cete),
and two were not (Oval by Fanny, Mom by Striper). Spot was not targeted by
her sister Dotty (but see ‘Discussion’).

Interventions

The results presented in the previous section suggest that birth rank, not ally
rank, determined whether an adolescent female targeted a particular adult
female. Does this mean that interventions do not play a significant role in the
development of dominance relationships? Certainly the actions of adolescents
would indicate otherwise. They almost invariably solicited the aid of others
when they were involved in an agonistic interaction with an adult female, and
they were very likely to join nondyadic agonistic interactions among females.
What, then, was the effect of interventions on the development of dominance
relationships between adolescent and adult females?
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Patterns in Nondyadic Agonistic Interactions

The interventions observed could be categorized into three types, defended,
ganged, and aided. Defended is defined as an intervention on behalf of an indi-
vidual losing a dyadic agonistic interaction (individual x in an Sy, — A, inter-
action), and ganged as an intervention on behalf of an individual winning such an
interaction (individual z in the above example). The final category, aided, con-
sists of interventions into undecided interactions (i.e. interactions other than
Sx — A;). There were also triadic interactions that did not involve interventions
as defined above. In these, two animals simultaneously initiated an interaction
with a third, so that neither could be said to have intervened for the other. The
relationship of these two individuals will be called a coalition, against the third
animal.

Agonistic interactions between adult and adolescent females observed in
focal samples are summarized in table V, and those observed in ad libitum
samples are summarized in table VI. The two types of data differ in that the pro-
portion of nondyadic interactions is much higher in ad libitum samples (39% of
317 interactions) than in focal samples (16% of 167 interactions). This is not
surprising, since nondyadic interactions were often loud, conspicuous, and pro-
longed. However, among nondyadic interactions, all trends evident in focal data
are also evident in the ad libitum data. The two kinds of data were thus com-
bined in detailed analysis of nondyadic interactions.

Nondyadic interactions were equally common whether adolescents were in-
volved with targeted or nontargeted adult females (16% and 17% of interactions,
respectively, in focal samples; 40% and 36% of interactions, respectively, in ad
libitum samples), but the role of interveners in these two cases differed. In only
3 of 35 interactions with nontargeted females did the third party side with the
adolescent, whereas it did so in 112 of 116 interactions with targeted females.

Adult males stayed out of agonistic interactions involving adult and adoles-
cent females. Only once did one act as a third party during these interactions,
although subadult males, which were fewer in the group, did so frequently.

Perhaps the most surprising result was that kin accounted for such a small
proportion (9%) of interventions and coalitions, although this proportion is large
relative to the number of kin present in the group (see tables I and II). Third
parties were usually unrelated adult females or other adolescents.

With but three exceptions (9%), nondyadic interactions involving an adoles-
cent female and a nontargeted female were of two kinds (n = 35). First, non-
targeted females defended juveniles against adolescents (40%), and second, non-
targeted females allied with other nontargeted females (43%), an adolescent
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female (6%), or a subadult male (3%) against an adolescent. In this second kind
of interaction the allies were always dominant to the adolescent attacked in
dyadic interactions. These nondyadic interactions thus reinforced the existing
dominance structure.

The most common nondyadic agonistic interactions involving adolescents
and adult females targeted by them (n = 116) were those in which adolescents
ganged, aided, or formed coalitions with related adult females (3%), unrelated
adult females (14%), subadult males (11%), or other adolescents (34%) against
a targeted female that was subordinate to (or targeted by) the adolescent’s ally.
These interactions were considerably more common than those in which others
intervened for adolescents. Thus, the impetus for alliances was provided primari-
ly by the adolescents themselves, not their benefactors. However, occasional
interventions by related adult females (7%), unrelated adult females (9%), and
subadult males (3%) occurred. Targeted females did not defend juveniles against
adolescents, rather adolescents defended juveniles against them (11%). In all of
the above interactions, which account for all but 7 (6%) of the targeted female-
adolescent interactions observed, the allies were (or should have been, based on
birth rank) dominant to the female attacked.

The 10 exceptions to the general trend that interventions reinforced the
existing dominance structure based on birth rank were of only a few types. Half
were cases of adolescents, who seemed very eager to intervene against targeted
adult females, intervening against them on behalf of an individual subordinate to
(or not targeting) that adult. Two others involved the dyad Fanny-Slinky, which
was unusual in that Fanny’s birth rank was above Slinky’s rank, yet Slinky was
dominant to Fanny’s mother because she had fallen in rank. One exception was
a case of a subadult male defending kin, one was a case of an adult male defend-
ing an adult female, and the final case involved one of the dyads in which target-
ing was not correctly predicted from birth rank.

The Identity of Supporters

Other adolescents, unrelated adult females, and subadult males were impor-
tant allies of adolescents in their interactions with targeted females. Who were
these unrelated allies, and what was their relationship to the adolescents? Ap-
parently, the only quality required of allies is that they are dominant to the
adolescent’s opponent. Adolescents showed no indications of partner prefer-
ences in interventions among the two subadult males or the other adolescents, as
long as their ally was dominant to (or targeted) their opponent. Among adult
females, adolescents seemed to prefer those of high rank as allies. If they were
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equally likely to solicit any female dominant to their opponent, one would
expect 46% of their solicitations to be directed to the four highest-ranking
females (based on equal frequencies of interactions with all targeted females),
35% to the females occupying the next four positions in the hierarchy, and 19%
to the remaining 6 adult females. The observed distribution of the 38 head-flags
recorded in focal samples was 63, 26, and 11%, which, although not significant-
ly different from the expected distribution (p = 0.06), is suggestive of a prefer-
ence for high-ranking females.

That high-ranking adolescents depended more on their relatives as support-
ers than did low-ranking ones also reflects the importance of dominance relation-
ships on ally preferences (table VI). Fanny never depended on her mother, who
had fallen in rank. Janet’s mother was not living, but Janet was supported by
unrelated adult females, and in fact, Preg, Scar, Lulu, and Vee intervened for her
against targeted females. All are high-ranking females unrelated to Janet, and,
with the exception of Vee, none had strong social bonds with her [Walters, in
prep.]. The other adolescent whose mother was not living, Dotty, depended on
her sister Spot, the highest-ranking female in the group, for much of her support
(table VI).

Similarly, there was no discernible relationship between the adult females
that intervened against adolescents in their interactions with nontargeted females
and the participants in these interactions, other than that the intervening female
was not targeted by the adolescent. Thus, who intervened for whom in interac-
tions involving adolescent and adult females was governed more by rank relation-
ships than kin relationships or social bonds (e.g. grooming relationships). Ani-
mals were extremely reluctant to intervene against the existing or expected
(based on birth rank) hierarchy.

The Importance of Interventions

Interventions reinforce targeting, but this does not necessarily imply that
interventions are a necessary part of rank acquisition. That is, birth rank alone
could be sufficient for establishing dominance over adults. There were, however,
some observations that indicated that interventions might play a more crucial
role in rank acquisition, at least in certain conditions. Altmann [personal com-
mun.] observed that Dotty, in her third year, treated her older sister Spot as a
targeted adult (AySy — A, stage) when their mother, Alto, was alive. Dotty’s
behavior changed after Alto died, and the relationship between Dotty and Spot
reverted to Sy — A,. That is, Dotty ceased targeting Spot and remained subordi-
nate to her. Perhaps Dotty could not change (i.e. develop) her dominance rela-
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tionship with Spot in the absence of potential interveners. Spot, who had ranked
second only to Alto, became the highest-ranking female following Alto’s death.

Discussion

Definition of Dominance and the Development of Dominance Relationships

It appeared from the changes observed in targeted adult-adolescent dyads
that targeted females eventually became subordinate to those targeting them.
Observations during a brief (1 month) visit to the study site in December 1978
substantiated this for those few dyads observed then. Furthermore, young Java
monkey females go through a very similar sequence of stages in becoming domi-
nant to adults [De Waal, 1977]. At the very least, one can say that targeted
females were those that adolescents were attempting to dominate, whereas there
was no attempt to become dominant to nontargeted females.

The time at which young females are said to become dominant to targeted
adults depends on the criteria used to define dominance. Among adult female
baboons, Moore [1978], Rowell [1966], and Hausfater [1975] found displace-
ments, defined in slightly different ways, to be highly correlated with dominance
as assessed from outcomes of agonistic interactions, but this is not the case for
adolescent female-adult female dyads. Displacement relationships changed be-
fore submission was reversed, and the latter occurred before the relationship met
the criteria (consistent Ay, — S, ) used by Hausfater [1975] to define dominance.
If one used some measure of access to resources in which dependent rank effects
[Kawai, 1965b] were prominent [e.g. Weisbard and Goy, 1976], one could pro-
duce results indicating that youngsters became dominant to adults at a very early
age, perhaps even in infancy.

De Waal [1977] uses submission to define basic rank, and Angst [1975] uses
both ‘straight’ aggression (i.e. aggression not involving soliciting) and submission,
which is essentially the same method as Hausfater [1975]. By De Waal’s [1977]
criteria, adolescents would be said to dominate adults at the Ay — A,S, stage,
whereas the methods of Angst and Hausfater would indicate the A, — S, stage.
I prefer those criteria that maximize the usefulness of dominance as an inter-
vening variable [Hinde, 1978], that is, those criteria that define dominance so
that the concept is useful in explaining behavior in other contexts. Elsewhere
[Walters, in prep.], I show that the frequency with which adolescent females
handled a particular infant varied according to their dominance relationships
with the mothers of the infants. Behavior was identical in Ay — S, and Ay —
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AgS, relationships, but differed between these and Ay — A,, A,Sy — A,, and
Sy — A, relationships. Behavior in these last three relationships also differed
from each other, and behavior in targeted adult-adolescent Sy — A, relation-
ships differed greatly from behavior in nontargeted adult-adolescent dyads
(although these are also Sy — A,). Thus, first submission might be a suitable
criterion for defining when adolescents become dominant to targeted females,
but suitable criteria for defining when young juveniles cease being subordinate
to targeted females are not obvious. It might thus be best to distinguish each of
the early stages prior to first submission. The displacement relationship is not
useful in defining dominance as it does not distinguish those stages in which
behavior in other contexts differs.

Kinds of Intervention

Several excellent studies of interventions in other primate species have
documented different kinds of intervention, comparable to defended, ganged,
and aided, and have shown that patterns of intervention vary according to the
type of intervention [Kaplan, 1977, 1978; De Waal, 1978a, 1978b; De Waal et
al., 1976; Massey, 1977; see also Struhsaker, 1967]. In these studies, all inter-
ventions by a particular animal were pooled, so that interventions into adult
female-adolescent female interactions were pooled with, say, interventions into
adult male-adult female interactions. It is thus not clear from these studies to
what extent interventions in female-female interactions in other species are
governed by the existing dominance structure, as is reported here for baboons.
Observations by Bramblett [1970] on geladas (Theropithecus gelada) suggest
that females take sides in a fashion similar to yellow baboons when entering
female-female fights, whereas those of De Waal [1978a] on chimpanzees (Pan
troglodytes) indicate that females of this species act according to social bonds
rather than dominance relationships.

It is well known that adult males do not always intervene so as to reinforce
the dominance hierarchy. Rather, they often defend low-ranking females from
high-ranking ones, a tendency that has led some authors to postulate that males,
especially alpha males, control aggression within groups [Bernstein, 1976]. In
this study, the only time an adult male entered a female-female fight he acted in
this fashion. The data reported here indicate that this ‘control role’ may be due
more to the inhibition of individuals other than adult males to act as defenders
in female-female fights than to the willingness of males to fill this role.

The studies of interventions in other species mentioned above indicate that,
as with baboons [Walters, in prep.], interventions against dominants are com-
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mon. For example, adult females may defend their offspring or even unrelated
females against dominant adult males. Thus, the effect of the dominance rela-
tionships among the participants in agonistic interactions on interventions into
that interaction is specific to female-female interactions.

The Dynamics of Targeting

The great difference between the behavior of adolescents toward targeted
and nontargeted females implies that young females recognize their position in
their society, and the data indicate that this recognition is based on birth rank.
One might thus speculate that the mechanisms of birth rank, as described in the
introduction, are the primary means by which a mother’s rank influences the
ranks of her daughters, with mother’s support in agonistic interactions playing a
secondary role. However, observations of initial agonistic interactions of young
females are needed to confirm this proposal.

It is the tendency of nonrelatives to intervene for adolescents against target-
ed females that enables one to postulate that interventions by the mother or
other relatives are not necessary for rank acquisition. Cheney [1977] also ob-
served interventions by unrelated adult females in chacma baboons, and devel-
oped the intuitive idea that interventions might be affected by social bonds.
This is apparently not the case in yellow baboons, although such bonds probably
affect willingness to intervene into the fights of a particular dyad, if not which
member of the dyad is aided. On what basis, then, do unrelated individuals
choose sides in fights, so that they consistently help adolescents in fights with
targeted females, but not nontargeted females? This could occur as a result of
either a direct response by the intervener to the adolescent’s behavior (e.g. aid
adolescents that threaten adults) or the intervener’s own perception of the
‘proper’ relationship between the adult and the adolescent. That exceptions to
the usual ‘rule’ for choosing sides were especially frequent in fights involving
Fanny and those females that her mother had fallen below in rank suggests that
the latter is the case, since the ‘proper’ relationship in these dyads would seem
especially ambiguous. One adult female (Spot) consistently behaved as if Oval
had never fallen in rank in her interventions into disputes involving Oval and
members of Oval’s family, whereas another (Vee) behaved as if Oval had always
ranked as she did during the study.

Birth rank, although normally a straightforward result of dominance relation-
ships at the time of the infant’s birth, may be unclear in some cases. A striking
example is the mother-daughter relationship. Daughters, of course, do not have
the same basis for perceiving their relationship with their mother as they do for
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other females, namely, the interactions between the mother and the other
female. They may gain some information, however, from their own nonagonistic
interactions with their mother. This may explain the uncertainty about whether
or not the mother is targeted by her daughter in this study, and whether mothers
or daughters are dominant when the daughters mature in other species [Angst,
1975; Moore, 1978; Chikazawa et al., 1979].

It should be emphasized that rank relationships among female baboons were
determined solely by them: adult males stayed out of female-female fights
(Kummer [1975] also noted this in geladas) and did not influence the female
hierarchy. Males migrated in and out of the group, but the female hierarchy
persisted unchanged. Bernstein et al. [1974b] report a similar phenomenon in
captive rhesus, although other studies of captive macaques have indicated an
effect of males on female dominance relationships [De Waal, 1977].

Subadult males intervened in the same fashion as females. The presence
of a subadult male sibling thus had no effect on the dominance relationships
of adolescent female Nazu. It is interesting that although her brother Dogo was
not observed to intervene directly against females dominant to Nazu when they
were interacting agonistically with Nazu, unlike females (such as their mother,
Preg), he did attack other juveniles that attempted to intervene against Nazu in
these interactions. For example, Dogo frequently attacked juvenile female
Alice when Alice attempted to intervene against Nazu during Nazu's interactions
with Spot and Dotty, Alice’s high-ranking sisters. Dogo’s aid did not prevent
Alice from becoming dominant to Nazu during the study, however.

Functional Aspects of Cercopithecine Dominance Systems

The reluctance of females to deviate (in interventions and targeting) from
the prevailing hierarchy and their willingness to support that hierarchy by inter-
vening for adolescents unrelated to them against targeted females are difficult to
explain. A proximate explanation is that such deviations, for example aggression
by a low-ranking female toward a high-ranking one, are a potent stimulus for
severe aggression [Bernstein and Gordon, 1974]. In other words, individuals be-
having deviantly are ‘punished’ by other group members. One must then explain
on a functional level why such punishment occurs. Early workers [e.g. Carpen-
ter, 1954] proposed that the function of hierarchies was to control intragroup
aggression, and thus that hierarchy stability was desirable for all group members.
However, only selection at the group level can produce a system with this func-
tion. Considering the problems with group selection [Williams, 1966], a solution
in terms of individual selection would be desirable.
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One approach is to seek a solution by considering the options that an indi-
vidual can exercise, given the behavior of others, that is, to apply the concept
of an evolutionarily stable strategy [Maynard Smith and Price, 1973]. Consider,
for example, the likely response of others to an attempted deviation by a low-
ranking individual. High rank is presumably advantageous because of its correla-
tion with reproductive success [Drickamer, 1974; Hausfater, 1975], which is
probably mediated through differential access to resources [Dittus, 1977; see
also Syme, 1974; Richards, 1974]. The higher-ranking individual that the low-
ranking one is challenging should thus offer resistance. Females ranking above
the opponent have no reason to aid the aggressor, and might even aid the oppo-
nent in order to protect their own position, particularly if they are related to the
opponent. The positions of females ranking between the opponent and the
aggressor are likely threatened, so one expects them to aid the opponent. Only
those ranking below the aggressor might benefit by aiding the aggressor. These,
however, risk aggression from high-ranking individuals, on whom they might de-
pend to maintain their positions relative to other low-ranking individuals.

This purely speculative exercise demonstrates the way in which this problem
might be approached. This and other aspects of the remarkable dominance sys-
tem found in female cercopithecines, such as its origin, the apparent absence of
physical factors (e.g. weight, age, condition of teeth, deformities) affecting
dominance, and the striking polarity of virtually all dyadic relationships, are
worthy of further consideration by evolutionary biologists.

Appendix. Definitions of aggressive and submissive behaviors. Behaviors that are not
as consistently polarized within dyads as the others are marked by an asterisk. These behav-
iors are employed in ‘fighting back’ by subordinates, although usually they are performed
by dominants.

Aggressive Behaviors

*hit: rapid, open-handed striking or attempted striking

shoved: open-handed pushing, or an attempt to do so

grabbed: close-handed gripping; cases where A is fleeing from C and grabs B while hiding
from C behind B are excluded

bit: placing mouth on and applying pressure with teeth

chewed: like bit, except little or no pressure applied with teeth

held down: placing hand(s) or arm(s) on and pushing to ground, holding there, face down,
for at least 2 sec

threatened: any one of the following behaviors, or any combination thereof: slapped
ground, flexed forelimbs and bobbed head abruptly, exaggerated audible chewing
motions, exaggerated yawning, raised brow

*lunged: forward leaping or jumping toward

*grappled: wrestling with arms, performer being the initiator
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Submissive Behaviors
grimaced: corners of mouth retracted and teeth (often clenched) exposed
gave tail-up: tail held upright or nearly so, or pointed forward over back
cowered: lateral flexion of spine, usually while seated or crouching
counterchased: screamed, grimaced, or gave tail-up while chasing
screamed: gave high-pitched, shrill vocalization (very distinct)
counterlunged: screamed, grimaced, or gave tail-up while lunging
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