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GROUP HISTORY AND SOCIAL STYLE:
THE CASE OF CRAB-EATING MONKEYS

ABSTRACT: Two groups of crab-eating monkeys, one formed of individuals whose mothers were high-ranking, another
comprising animals whose mothers’ status was low, are used to test the hypothesis of a between-group systemic variation
of social relationships within a species. Using a multivariate analysis of 17 variables it is demonstrated that rank by
birth affects several inter-related traits of aggressive, affiliative, and cooperative behaviour of animals regardless of
their actual rank. Females whose inborn status was high exhibited a more masculine, assertive, and dominant behavioural
style, were more individualistic and less dependent on other group members. Our results suggest that group history can

produce a systemic effect on social relationships in conspecific populations.
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INTRODUCTION

Factors underlying inter-specific differences in social
behaviour have been widely debated over the recent years
(Thierry 1985, de Waal, Luttrell 1989, de Waal, Ren 1988,
van Schaik 1989, Wrangham 1980). Studies in primate
socioecology suggest that species having superficially
similar systems of dominance relationships (for instance,
arelatively linear hierarchy) can be quite dissimilar in terms
of aggressive, post-conflict, affiliative, and spatial
behaviour both within and between the sexes and thus have
different dominance styles (de Waal 1989, Thierry 1988,
Butovskaya 1993a,b, 1994, de Waal 1993). These
differences are apparently affected by adaptation to specific
habitats. Social predisposition of individuals may be shaped
by selection (Williams 1966, Lott 1984).

Studies into dominance styles shown by various species
of macaques indicate that intergroup relationships can be
different even in closely related species with a similar
matrilinear structure (Aureli er al. 1989, Waal, Yoshihara
1983, Waal 1993, Thierry 1988, Petit, Thierry 1994,

Butovskaya 1993a,b, 1994). It has also been demonstrated
that species-specific social relationships (first and foremost
their asymmetry) are practiced both under natural
conditions and in captivity (Aureli er al. 1989, Aureli
1992). According to some writers, group differences in
behavioural style are based on the principle of systemic
variation: groups differ in complexes of coadapted traits
rather than in separate parameters (Thierry 1993, Castles
et al., in print). Specifically, characteristics of social
tolerance should be inter-correlated.

The objective of this article is to test the hypothesis of
systemic variation using two groups of crab-eating monkeys
(Macaca fascicularis) having different histories. One was
formed of animals whose mothers were high-ranking, the
other of animals whose mothers had a low status. The
additional hypothesis tested by us was that in matrilinear
species (like macaques in general), the increased proportion
of adult females high-ranking by birth should result in an
increase of social tension within the group, while the larger
number of females low-ranking by birth should shift within group
relationships towards greater flexibility and cooperation.



SUBJECTS AND METHODS

The two groups of macaques were observed over a lhrcc-
months' period from November 1992 to February 1993 at
the Primatological Station of the Kassel University,
Germany. The first group (H) was composed of animals
whose mothers were high-ranking. the sccond one (L)
consisted of those whose mothers were low-ranking (sce
Butovskaya et al. 1995, for more information). Conlflict
and postconflict behaviour was recorded by means of the
scan method. Nincty-four 30-min scans were made for
group H, and 100 such scans for group L. Other behavioural
patterns were recorded using the focal sampling mecthod.
Sixty-four S-min samples were collected for cach adult
individual in group H, and 66 such samples in group L
(Altmann 1974, Dunbar 1976, Bernstein 1991). The
statistical evaluation of data was performed using the
software package written by B. A. Kozintsev (Bulovskaya
et al. 1994). The correlation between the behavioural
variables was assessed both at the level of individual
characteristics averaged over all the animal's partners, and
al the level of all pairwise interactions. In the first case,
the correlation structure was evaluated using the principal
componcnts analysis, and in the second case, matrix
permutation tests were applied, each test being based on
500 permutations (Hemelrijk 1990, Butovskaya et al.
1994). Thirly palterns of social behaviour were used for
comparing the two groups, including dominance vs.
submission (lecth baring, avoidance, ritual biting),
nonconiact aggression (threat display, chasing, etc.), and
contacl aggresssion (slapping, pinching, pushing, beating,
ctc.). Frequencies of dyadic and nondyadic aggression of
both types were calculated. Nondyadic aggression included
attacks performed by two or more animals against a single
victim or by a single individual against several victims
simultaneously. Also, we registered alliances (cooperation
in attacks), quarrels (mutual aggression between groups),
support of aggressors, defence of victims, redirected
aggression, number of wounds received in clashes, as well
as affiliative behaviour (initiation of spatial proximity,
sitting close together, grooming), friendly behaviour
(touching, embracing, presenting, friendly vocalization,
lails-in-twine).

RESULTS

Frequencies of behavioural patterns are presented in
Table I.Landau's linearity index (Lehner 1979) calculated
for the pairwise submission matrix equals 0.87 in group
H, and 0.82 in group L, indicating moderate degree of
linearity (Table 2). As demonstrated by the permutation
tests, a significant positive correlation between the initiation
of spatial proximity and submission-existed in group H
(p < 0.001, Table 3). No such correlation was observed in
group L. While in group H, affiliative relationships were
initiated only by individuals of a higher rank, no effect of
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status on such relationships was detected ip group L. T,
frequency of pairwise noqconlact aggrfessnon in groy

was 1.5 times lower than in group H (Table 4). Langy,,
lincarity index for this variable cquals 0.98 in group .
but only (.84 in group L. I'n group L, the frcquency of
aggressive alliances was 4 times h_lghcr than in group K
The frequency of contact aggression, t0o, was (wice as
high in group L than in group H, and the same is trye of
collective contact aggression (Tables 1, 5). Landay's
linearity index cquals 0.64 and 1.13, respectively,
apparently suggesting that despite a higher level of
aggression (cspecially its contact variety) in group |,
aggressive relationships in group H were much more rigid.
Permutation tests applied to matrices of aggression in groyp
H (Kendall's K =41, p = 1.000, for the contact variety,
and K =44, p <0.980, for the noncontact variety ) suppory
the above conclusion: aggression in this group was directeq
mainly down the hierarchy. The same tests applied 1
aggression matrices in group L suggest that in this group,
in contrast to group H, low-ranking animals were not afraid
to resist, moreover, they occasionqlly directed aggression
(both contact and noncontact) against higher-ranking
animals (K = —24, p = 0.808, and K = ~16, p = 0.628,
insignificant). Over the observation period, episodes of
aggression in group L had never resulted in injuries. In
group H, 26 cases of injuries were registered (Table /.
Mann-Whitney's U =4.5, p < 0.01). In group H. a distinct
polarization of relationships was observed. While most
aggressive actions were performed by three female relatives
(Heda and her two daughters), other females rarely
demonstrated aggression. Nearly all aggressive coalitions
were formed by these three relatives (Table 6). The
hypothesis about the equal probability of all members of
group H to enter into alliances is rejected at the 0.1% level
(chi-squared = 210.1, d.f. = 9). Most often (20 times).
alliances occurred between the two sisters, Hanna and
Herta. Those between their mother Heda and both her
daughters had occurred 12 times, and those between Heda
and her younger daughter Herta, six times. The correlation
between the matrix of alliances and that of differences in
dominance ranks (based on submission) in group H is
negative but insignificant (K =—14, p=0.826), the probable
explanation being that only high-ranking individuals
entered into coalitions. In group L, the distribution of
aggressive alliances was more uniform. There were two
conflicting parties. The more dominant one consisted of
the male, Theo, and three females, Maria, Sonia, and Jutta.
The second party, headed by Julia, also included Christa,
Kpra, and Elke. Like in group H, individuals in groups L
differed in their predisposition to form alliances (chi-
squared = 377.0, d.f. = 9, p < 0.001). Those most
predisposed were Maria, Sonja, and Jutta. Alliances in this
group were more frequent than in group H and much mor¢
variable in composition. Each of them was mainly formed
of i.ndividuals belonging to one of the opposing partics.
but in some instances, females from different parties joined
for aggression (Table 6). The hypothesis of nonselectivity
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in alliances is rejected at the 0.1% level (chi-squared
= 305.8. alliancc between Juha, Chricta, and Kora
accounting for half of this value). A significant negative
correlation was observed between the matnix of alhances
and that of diffcrences of dominance ranks (K = 101,
p < 0.990), suggesting that all individuals close in
dominance status tended to form coalitions,

To evaluate the relationships between the group
members, several criteria suggested by other writers were
usced (Watts 1994). The relationships in a dyad were
considered to be good if they met the following critena:
(1) the level of affiliative (specifically friendly)
relationships. initiation of spatial proximity, and sitting
close together. was above median, (2) the level of agonisuc
relationships was below median. and (3) the frequency of
grooming betwecn members of the dyad was above
median. Also, we used four indicators of friendly behaviour
(friendly contacts, sitting closc together. initiation of spatial
proximity, and grooming) and two indicators of agonistic
bchaviour (contact and noncontact aggression).
Frequencies of ecach bechavioural patiern were scored as
cither O (below median for friendly behaviour and above
median for aggression) or 1 in the opposite casc (Table 7).

According to these criteria, the dyads with the best
rclationships in group H were Carmen and Charlotte,
Carmen and Laura, Laura and Mcike, as well as those
which included the male (Majo) and cach of the three
females, Meike, Carmen, and Laura. The worst were
Hanna's relationships with Charlotic, Meike, and Laura,
Herta's with Meike and Laura, and Majo's with Hanna and
Herta. A negative correlation was found between the matrix
of relationships and that of alliances (K = 28, p = 0.032).
In group H, then, mostly those individuals supported one
another who maintained good relationships with each other.

In group L, the best were Christa's relationships with
Sophie, Kora, and Julia, Else's with Sophie and Jutta, and
Kora's with Elke and Julia. The worst relationships were
practised in the dyads Maria vs. Kora, Sonia vs. Julia, Elke
vs. Jutta, Christa vs. Else, and Theo vs. Else, Julia, and
Jutta. The relationships between Sonia, on the one hand,
Maria and Elke, on another, combined friendliness with a
high level of aggression. Unlike group H. no correlation
between the matrix of relationships and that of alliances
was found here (K = 32, p =0.172), and thus the tendency
lo form coalitions was unrelated to the quality of
relationships between the partners.

To assess the overall pattern of social structure in the
two groups with reference to the principal strategies of
dominant and subordinate individuals, the principal
components (PC) analysis was used. Thirty standardized
variables of social behaviour were analyzed (Table 8). The
first two PCs account for nearly two thirds (62 %) of the
total variation (Table 9, Figure I). The variables with the
highest positive loadings on PCI, accounting for 36 % of
the variation, are performed aggression (contact and
noncontact), participation in aggressive blocs, support of
aggression (both performed and received), received

submission and recerved avordance The et with the
highest negative Inading on this PC s the avordance
demonstrated by the individual itself (o ather group
members. PCI. then. describes the contrast between the
behaviour of domimant and subardinare individiuals Withen
the groups, PCI scores are positively correlared with
Zumpe-Michacl's dominance indet ir = (1 86 10 group H
and 0.84 in group L. p < 0.0017 i beth cases) However
the loading of recerved submission on PCT s net especially
high. and the order of individuals accarding 1o PO scares
differs from that according to the dominance inde
Specifically. neither of the two alpha males has the highe st
PC1 scores in his respective group. The first places on this
variable are occupied by Hanna and Herta in group H and
Mana in group L. the asseruve high-ranking females who
terronized other females. were able to get support of other
group memhers in their aggressive acuons, and helped
other aggressors. However. because they often
demonstrated submission (first and foremost to the males).
their dominance indices are not the highest. The low-
ranking females have the lowest PCI scores

PC2. which accounts for 26 % of the variance, 1s most
tightly linked with friendly contact behaviour (both
performed and received). sitting in close proximity,
participation in quarrels, received ritual biung, and
performed redirected aggression. All these patterns, ¢xcept
for the last one, significantly differentiate the two groups
(see above), all of them having higher frequencies in group
L. As scen from Figure |, PC2 scores, too, are significantly
different in the two groups. Females are set apart without
overlap. A very small total overlap is due to the fact that
the male in group L falls in the same part of the vanation
rangc as do the females of group H. The male of group H
deviales from the females of his group in the same direction
as does his counterpart in group L. In other words, the
following sequence is observed: (1) male of group H. (2)
females of group H and male of group L, (3) females of
group L (Figure 1). The behaviour of the male in group H,
then, accentuates the principal features of the behavioural
style of this group, while in group L the reverse tendency
1s observed.

DISCUSSION

Group history has a notable effect on female dominance
structure in matrilinear species (Datta 1989). Significant
differences in social relationships were observed between
the two groups studied by us, although they were housed
under identical conditions and contained a nearly equal
number of adult animals. When one group is formed only
of individuals high-ranking by birth, another of those
whose mothers were low-ranking, the behavioural contrast
between the two can attain the level of inter-specific
differences. The systemic variation hypothesis (Castles
et al., in print) predicts that the groups should ditfer in a
complex of coadaptive traits. This is what is actually
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TABLE . Avernge frequencies of behavioural variables in two groups of crab-eating monkeys

Group H (femalesy  Group L (females) Gronp Gy
H I
Variables x § (14 x L] s ‘male; (miale)
1 2 3 4 5 6 7 3 [

Contact aggression, 1 2257 2052 11.16 40 00 47 64 15 8% 32 1)
Contact aggresion, p. 217 1247 471 44 44 2347 782 0 2
Noncontact aggression, p. 149.29 16450 6218 21111 23479 78 26 164 294
Noncontact aggression, r. 17243 101.68 3843 24067 14426 4809 2 24
Submission, p. 77686 27789 10503 106078 35779 11926 183 109
Submission, r. 549.14 666.20 25180 624.11 71799 23933 1781 4036
Initiation of spatial proximity, p. 219.71  128.48 4856 30300 19584 65 28 183 127
Initiation of spatial proximity, r.  217.00  162.68 6149 30711 20173 67 24 206 91
Grooming, p. 416529 117957 44584 276178 161847 53949 8344 636
Grooming, r. 432871 270490 102236 278600 196329 65443 7200 413
Friendly contacts, p. 11529 90.94 3437 55333 50161 16720 150 145
Friendly contacts, r. 126.14  103.09 3896 55133 33440 11147 75 164
Scratching 115.14 56.71 2143 56.56 3351 117 13 55
Sitting close 228500 726.84 274.72 1974544 783552 2611 84 2494 969
Victim's request for help, p. 19.00 20.40 1.71 7.56 9.15 3.05 0 0
Victim's request for help, . 143 2.23 0.84 6.89 895 298 123 6
Running away, p. 60.00 36.67 13.86 78.22 43.19 1440 0 0
Running away, r. 54.43 63.27 2391 61.56 75.07 25.02 40 150
Going away, p. 9.29 5.31 2.01 14.89 11.14 3.71 0 0
Going away, r. 8.14 8.19 3.10 14.00 25.00 8.33 6 38
Quarrels between blocs, p. 0.00 0.00 0.00 32.22 2199 7.33 0 14
Quarrels between blocs, r. 0.00 0.00 0.00 30.22 22.01 7.34 0 32
Ritual biting, p. 0.00 0.00 0.00 6.67 12.49 4.16 4 0
Ritual biting, r. 0.00 0.00 0.00 6.67 742 247 0 0
Support of aggressor, p. 14.29 15.89 6.01 28.44 29.07 9.69 13 56
Support of aggressor, r. 14.43 17.717 6.71 29.11 33.96 11.32 13 50
Redirected apgression, p. 6.86 1.7 291 13.78 18.21 6.07 0 0
Redirected aggression, r. 7.14 6.26 2.36 13.78 14.30 477 0 0
Alliances 39.14 48.73 1842  107.11 100.84 33.61 2 116
Injuries per individual 3.71 3.20 1.21 0.00 0.00 0.00 0 0

Note: p., performed by the focal individual; r., received by focal individual;

Frequencies are standardized per individual per one hour of observation.

Only interactions with females are registered. x, mean; s, standard deviation, sx, standard error.
Focal observations are standardized per 5.33 hours in group H, and per 5.5 hours in group L;
scan observations, per 47 and 50 hours, respectively. Numbers of injuries are not slandardized.

observed, especially with respect to characters related to
within-group social tolerance. The differences between
groups H and L and those of quality rather than of quantity.
In group H, the dominance vs. submission relationships
were more predictable. The dominant individuals more
often initiated aggression, as might be expected in a species
with a rigid, despotic dominance style (Waal, Luttrell 1989,
Butovskaya 1993b, Chaffin et al. 1995). While ritual forms
of aggression, especially between the most apparent
opponents, were rare, injuries were frequent, and the
victims did not try Lo resist. Support was offered when the
aggressor was obviously stronger than the victim, The
subordinate females actively avoided spatial proximity or
affiliative contacts with the high-ranking ones. They
escaped when the dominants approached them, and they

never showed disobediance or tried to challenge their
status. In short, they presented no real threat to the
dominants. Evidently, for the high-ranking females in
group H, aggression was the principal way of maintaining
social bonds. Injuries to the low-ranking females were
inflicted not because the latter resisted, but rather because
the dominants were strongly motivated for self-assertion.

In group L, the dominant females preferred noncontact
and ritual aggression, especially in clashes with ther
antagonists. The subordinates resisted attacks and formed
coalitions against the dominants. The leading party and
the opposing bloc, which comprised medium- and low-
ranking females, were engaged in quarrels. Compared 0
group H, the approach of the dominants much less
frequently caused avoidance reaction from the side of the
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TABLE 2. Frequencies of submission demonstrations (focal
observalions, pairwise interaclions).

TABLE 4. Frequencies of noncontact aggression events (scan
observations, all interactions)

a) Group H a) Group H
Ch M C L He Hn Hr Mj DI Rank Ch M C [ He Ha Fir M;j
Ch - 0 0 0 3 4 5 8 0452 5 Ch -16 412 0 0 1 0
M 3 - 3 0 52 4 9 0,017 8 M 0 - 0 6 0 0 0 0
Cc 1 0 - 1 32025 14 02606 6 C 120 - 9 0 1 1 0
L 4 0 2 - 612 6 5 0,103 7 L o1 0 - 0 0 0 0
He 0 0 0 0 -272 6 0,626 4 He 13152014 - 0 0 0O
Ha 0 0 3 06 - 03 083 2 Ha 19 30 62 24 16 - 10 |
Hr 1 0 0 0 5 6 -17 0662 3 Ht 29 37 71 2533 0 - 0O
M 0 1 1 2 0 6 0 - 00915 1 M;j 3 3 6 1 83224 -
Ch, Charlotie; M, Meike; C, Carmen; L, Laura; He, Heda;
Ha. Hanna; Hr, Herta; Mj, Majo; DI, dominance index.
b) Group L. b) Group L
Ch MSnSp I E C I Jt T DI _Rank ChMShnSp T EC NI It T
Ch -12 1 0 0 2 0 1 112 0308 7 Ch - 2 31410 9 3 0 3 1
M 1 -18 6 0 0 0 2 123 0767 3 M 36 - 7 23 16 61 80102 29 4
Sn 014 - 0 0 2 0 0 0 9 0.840 2 Sn 22 14 - 11 15 27 3559 29 0
Sp 214 2 - 0 6 1 4 634 0,19 8 Sp 0o 00 - 0010900
I 020 6 0 - 4 4 0 234 0043 10 I 0002 - 01000
E 21718 2 1 - 0 9 016 0,531 4 E 07 41311 - 4 1 6 1
C 013 4 2 0 9 - 51415 0,174 9 c 0 4 212 41 - 0 6 1
]| 02 4 2 012 0 - 1 30 0,508 s J 0 7 740 919 7 -30 5
I 11 7 0 0 3 G 9 -49 0409 6 It 10 0 2 3 5116532 - 2
T 1 61 02 1 1 0 0 - 096l 1 T 1510 510 11 14 21 48 13 -

Ch, Christa; M, Maria; Sn, Sonja; Sp, Sophie; 1, lise; E, Elke;
C, Cora; JI, Julia; J, Jutta; T, Theo.

TABLE 3. Initiation of spatial proximity (focal observations, all
interactions).

a) Group H
Ch M C L He Ha Ht M;j
Ch -16 2 1 0 0 0 1
M 0 - 45 0 0 0 7
C 2 4 - 3 0 0 0 4
L 1 o1 - 0 0 0 1
He 0 0 2 0 - 3 01
Ha I 0 4 010 - 1 0
Ht 51 2 012 2 - 0
M;j 2 6 30001 -
b) Group L
Ch MShn C I ESp I It T
Ch - 002 2 2 2 2 10
M I5 -19 813 62215 1 3
Sn 10 5 - 4 4 8 B 7 2 2
C 701 -1 41 5 00
I 5222 -39310¢0
E 130 7 25 - 9 5 21
Sp 32402 2 -2 30
5 I 11 5 5 312 - 21
I 5207 715 4 -0
T 2290031 00 -

TABLE 5. Frequencies of contact aggression events (scan
observations, all interactions).

a) Group H
Ch M C L He Ha Ht Mj
Ch -2 12 0 010
M 0 - 00 0 O0 O0 O
C 01 - 00 0 0 O
L 000 - 00 0O
He 321 0 - 0 00O
Ha 6 4 4 7 8 - 2 0
Ht 5 6 6 4 9 0 - 0
Mj 4 2 3 1 1 5 1 -
b) Group L
ChMSSp 1T EC I It T
Ch - 0 0 0 0 3 01 00
M 9 - 113 4211117 0 O
Sn 02 -1 07 15 70
Sp 1 00 - 001 010
1 00 00 - 0O0O0TUO0TUOO
E 1 1 01 2 - 0 0 4 0
C 1 01 1 3 0 - 020
1] 01 1 9 3 3 2 -14 0
It 1 001 0 112 8 - 1
T 1 3 3 0 4 3 3 2 2 -




TABLE 6. Frequencies of alliances in aggressive interactions (scan
observations, all interactions).

a) Group H
Members of alliances Frequency
Hanna, Hera, Heda 12
Hanna, Hera 20
Heda, Herta 6
Majo, Carmen 1
Hanna, Carmen 2

b) Group L
Members of alliances
Cora, Christa, Elke, Julia
llse, Maria, Sonja, Julia
Cora, Christa, Julia, Jutta
Cora, Christa, Julia
Cora, Elke, Julia
Cora, Julia
Christa, Julia
Maria, Sonja, Theo, Jutta
Maria, Sonja, Theo
Maria, Sonja, Elke
Maria, Sonja, Julia
Maria, Sonja, Jutta
Maria, Sonja
Maria, Theo, Jutta
Maria, Theo
Maria, Elke
Maria, Julia, Junta
Maria, Julia
Maria, Jutta
Sonja, Theo, Jutta
Sonja, Theo 1
Sonja, Elke
Sonja, Julia
Sonja, Jutta
Sophie, Jutta
Theo, Elke
Elke, Julia
Elke, Jutta

Frequency

—
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subordinates. The victims were helped both by dominants
and by subordinates. In the latter case, help was offered not
only by relatives, but also by unrelated females whose status
was lower than the aggressor's. No "dictatorship" of high-
ranking females was observed in this group. On the contrary,
the dominants were evidently interested in affiliative contacts
with the subordinates, and practised several forms of such
contacts other than grooming (initiation of spatial proximity,
sitting close together, hugging, naso-nasal sniffing, touching,
friendly vocalization, etc.). Overall, the dominance style of
group L may be described as flexible, egalitarian, and largely
similar to that practised by stumptailed and tonkean macaques
(Thierry 1985, Waal 1989, Butovskaya 1993a,b, 1994),

In group H, a positive correlation was observed between
the nature of interindividual relationships and the tendency
to form coalitions, suggesting that the typical strategy of

i !
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TABLE 7. Level of relationships between the group membery

i . (baseq
on 4 affiliative and 2 agonistic criteria). 6 - best; 0 - worst
")G"mp?h M C L He Ha Fi
M 4

C 6 4
L 2 56
He 2.2 32
Ha 01 3 0 4
Ht 4 0 2 1 43
Mij 3 5§ 5 5 410
b) Group L
Ch MSn Sp I E C J I
M 2
Sn 5 4
Sp 6 3 4
I 1 2 2 6
E 3 3 4 4 4
C 5 0 2 3 2 5
I 6 2 1 3 4 2 5
i 321 4 5 1 2 3
T 32 4 21 4 2 1 1

daughters of the high-ranking mothers is to enter into
coalitions with friendly individuals, primarily relatives. An
attempt to establish a connecting bond with the alpha male
made by a medium-ranking female Carmen had not
resulted in an enhancement of her status, although,
according to some writers, such alliances can be crucial
for rank reversal between the macaque matrilines (Chance
et al. 1977, Chapais er al. 1991). The strategies of social
behaviour in group L indicate that apart from personal
preferences towards members of their blocs, the females
tended to develop a network of affiliative bonds with other
group members. The capacity for forming coalitions was
higher in females of the high-ranking bloc. However,
marked preferences in alliances were shown only by
subordinate females. No correlation between the matrices
of relationships and those of alliances was observed in
group L, implying that friendly ties were not crucial for
_lhc establishment of alliances. Similag ty in status was more
important in this respect.

The strategies of the two alpha males, too, were
different. The leader of group H supported subordinate
females and often threatened the dominant female Hanna
and her relatives. The male did not establish friendly bonds
with Hanna, implying that the relationships between these
individuals were antagonistic,

We have no direct evidence suggesting that the male
competed with the alpha female for the dominance status.
as was the case in Japanese macaques. However, the fact
that thc_intcrfercnce of the male on the side of the victims
often failed to prevent aggression implies that some threat
for him d'id exist. This interference should not be regarded
as a manifestation of altruism, More likely, the male acted



Group History and Social Style: the Case of Crab-Eating Monkeys

pasrax 1 ipaawopad fd (paziprepumsuou) saunfun ‘4 tsaouni|ie asssarfie ‘g tuoissaidTe pavanpas ‘g1 tiossaide jo woddns ‘¢ ‘Funiq jemu ‘g !spauenb ‘g1 Aeme Fuio8 ‘11 :Keme Juruuna ‘of
:djay 10 1sanbal *g 125010 unns g Buwoieads ¢4 ts1vvn0d Kjpuany ‘9 ‘Junuoosd ‘g Kmuixoxd eneds jo uoneniur ‘p tuoissiwqns ‘g tuoissaidde jovjucouou ‘7 tuorssaidde 10v1H00 1| 30N

0 0 T 0 o0 ©0 0O 0 0 0 O T 0 001 O ¥ SITET 16 LTL LTS €L9T SSTEC QOT LIE S§ €LTL TOL 9 TE O 1
0 & T Lt 9 T 0 T ¥ v 91 8 0Zl O 8T 8I96[ €L 167 O9tp SS81 LI6Y 00T 16 601 LIIL ¥EF 09 09 91 0D
0 ¢ T 0 O T 9 0 O O 0 8 0 811 0 TI TVLET 9 LTIL SPI 6OL 9£9 SS9 SHI 8IT SSTI 9§ T TS 9 dS
0 T o0 9 8 & ¢+ 0O T ¥& T 9T 8l 8 9 T SPEST Bl 60S OOF OE8I 0091 S¥S 16 LTI LIS 991 06 8 8§ U
0O o1 8 8 08 8 9 O 9% TS 8 T 0S 08 O bl €L961 €L 16T Ofh 60l €L0T €L SST 9Er SSPI TET 09T 09 8¢
0 8! 0O 09 #T 8 TC Ol 99 ¥9 0T O B9 0TI 9T T 1688T Bl Sb6 SvLI 1695 T86T LTI LTE SPS HOEl ¥8F 8YT 99 99 If
0 T 8 91 o0 T 9 T ¥l ¥T O 9 9 06 v 9 1696 81 9€9 LTI SS9l SSZ1 0OF SSv 6OL T8Il ¥8Z ¥6 9L 81 9T
0 08C T T1 06 T T 8 b 0SS 8L T 9TT 0T TI O TBEOI 16 SPI 168 $9EH SSOT ¥91 60L 60ET 606 88 9IL 1 ISTW
0 92 0 8 9 08 T 0 8 ZE PHl T 81 8 ¥ 0 6OILI 16 16T €LT TB6Z €LVS 00F LTE 6011 SSP 09 vTr T 9F us
0 91 0 0 o0 9 0 0 & ¥ 8 0 OSI O 9 O 606 SS ¥9I S¥I BIv 9€9 16 LTI 9cOF 601 8T ¥6T T T UL
LU 91 gl dgr 3l dpr agr dgr az1 dzr o oarn dip Jor dor l6  dg 8 L 19 do i dg¢ p dp g dg g dzg i1 dp
71 dnoin
6 ©0 11 o0 © o0 D0 O 0 0 T I+ 01 0 9¢ €I¥E 90T 61 61 69LE SLYT IEF €92 61 6ST8 09Z €I 9 O W
€ 0 11 0o 0 0 T 0 0 0 0 I 0 6L 0 1T 96C1 0S1 #6 O  88LE 61TF OSI 95 9S 969 +61 T 0 O -1
L 9 11 9 6 6 O 0 0 O T 11 12 16 T S§ 9SLZ OSI €I1 OSI SLLY 180S 61€ OST 691 O00Z1 LvE 89 TE T D
0 0 0 € T 9 0O 0 O 0 11 € ¢ LS T 9 SLLT SL OSI OSI 900T 00LS IEI 9SE 691 GLE 8El OL 8E €1 WD
1 # S T 11 1z T 0 0 0 ¥ SI Lb 99 0 SI €161 95 6I€ SL STHL 6I1LT ¥6E SL SIS P66 1T1 TE€I 8 €I 9H
€ 9! ¢ 1T ¢ 6 0 0 O 0 6 ¥ LLI LI O 0O 6960 €Il 691 OSI 8EVT 6ISP 61 SLE STIL VS LL SI¥ 6 9 M
€ 8% 0 9 9% S 0O 0 O O 6 0 8 9 9 0 €161 9 61 €97 00IT ¥bbF SL  €9Z IBLI ¥YR8 OL SPE Il . 99 ®H
0 T 0 0 € € 0 ¥ ©0 0 9 0 O 0 €I 0 v6¥T €Il SL OS] 00ZL vPES 90C 881 18LI 881 T  #OI O  9¢ N
L1 91 ag1 dg1 apr dp1 xgr dgr sgr dgr a1 dyr sp1 dor 16 de 8 L 19 d9 3 d¢ W dy ¢ dg ;g dz 1 4

H dnoin

*(Popnjoul SajEtl Ylim SUOTIOEISIUT) SD|QULIEA [eInOlABY2q JO sorouanbaly peziprepunis g 19V.L




TABLE 9. Loadings on principal components,

Manna Butovskaya, Alexarder k. i
A e,

bated on 30 behavioural variahles

Variahles ey pcy  pe3  Pos WS
Contact aggression, p 0912 0278 0149 0054 0153
Coniact aggression, 1 -0 560 0688 0148 ol -0118
Noncontact aggression, p 0960 0129 0.065 0122 0062
Noncontact aggression, 1 0536 0628 n4s9 -0037 -0217
Submission, p. 01368 0651 01517 0297 0093
Submission, 1 0753 -0197 01313 0.mn -0 054
Initiation of spatial proximity. p 0.592 0292 0.203 0185 0152
Initiation of spaual proximity. .  -0528 0 123 -0245 0224 0442
Grooming, p. 0136 -0487 0331 -0633 0049
Grooming, T. 0092 -0.141 0654 0326 0433
Friendly contacts, p. 0303 0.795 0245 -0341 -0009
Friendly contacts, r. -0 388 0750 -0136] -0.052 0259
Scratching 0077 -0628 0.624 0.143 0037
Sitting close -0.258 0814 -0212 -0049 0.095
Request for help, p. 0556 -0.192 0658 0262 -0117
Request for help, 1. 0220 -0221 -0035 -0 739 0379
Running away, p. -0.757 0512 0317 0121 -0.017
Running away, r. 0931 0018 -0.027 0157 -0009
Going away, p. -0.608 0614 -0022 -0166 0.046
Going away, . 0.823 0.236 0.266 0.147 0297
Quarrels, p. 0403 079 0117 -0066 -0212
Quarrels, r. 0458 0.731 0.036 -0102 -01316
Ritual biting, p. 0.665 0.402 0.323 0.156 0.385
Ritual biting, r. -0.193 0831 -0.071 -0.193 0.097
Support of aggressor, p. 0.848 0.126 -0.083 0131 -0.143
Support of aggressor, r. 0.848 0.222 0.047 0.305 -0.085
Redirected aggression, p. 0.170 0.698 0277 -0421 -0.208
Redirected aggression, T. -0.686 0252 -0.255 0416 0.405
Alliances 0.843 0.331 0.028 0237 -0.104
Injurics -0.278 -0.456 0.636 0275 -0.064
Percent of variation 34.823 25905 10.115 7416 4.964

T

Note: sec Table I for abbreviations.

in his own interests. The situation was profitable for him,
since the risk that someone (the alpha female or her
relatives) would challenge his leadership was thereby
eliminated (Bercovich 1988, Chapais ef al. 1991).

The male leader of group L usually took the side of the
dominant females against Julia, who headed the second
bloc. The male's affiliative bonds with the females
(members of his coalition and those of the rival bloc alike)
were much weaker than those of his conterpart in group
H. The strategy of cooperation and alliances with several
high-ranking female partners could have been aimed at
enhancing the male's dominant status. Possibly, the sense
of insecurity and the need for cooperating with others in
conflict situations are distinctive features of sons of low-
ranking mothers. These features make quite difficult for
them to acquire a dominant status after having migrated
from their native group o a new one.

There is abundant evidence suggesting that in
matrilinear species only close relatives dare to supporl
each other in clashes with dominant individuals while

distant relatives and unrelated animals tend to support
high-ranking females against those whose mothers
status was low (Silk 1982, Netto, Hooff 1986, Pereira
1989, Chapais et al. 1991). This is precisely whal
happened in group H. In group L, however, there were
many exceptions to this rule: in 30% of alliances in
which the low-ranking females took part, they supported
victims who were not their close relatives against the
aggressors whose status was higher than that of the
supporters.

The principal strategy of females in group H was ©
keep as far as possible from unrelated individuals.
Irrespective of their actual rank, then, these females tended
to disperse in space. This is a typical strategy of unrelated
high-ranking macaques (Bernstein, Ehardt 1986). The v
of canines in clashes between the females indicates (14!
the relationships in group H were unstable (Kaplan ¢! al
1980). Regardless of their actual status, females borm ¢!
high-ranking mothers tend to be less flexible in thert
relationships with other animals.
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Position of individuals in groups H and 1. on the 2nd and 3rd principal campanents based on 30 hehavioural parameters (60.7% of variation).
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FIGURE 1. Similarities in principal behavioural strategies of individuals from two groups, expressed in the space of PC | and PC 2 coordinates

Dominance status of individuals within their own group: a - high; b — medium; ¢ — low; black figures — males, plain figures — females.

In group L, the principal function of aggression was to
enhance social structure (Bernstein, Ehardt 1986, Waal,
Lutrell 1989). By entering into alliances and cooperating
in attacks the females strengthened their bonds and
increased the stability of the group. The greater social
adaptability of females with a low inborn status and their
ability to form stable groups are important survival
strategies for low-ranking matrilines in species with a
despotic dominance style since these matrilines are the first
o emigrate from the natal groups.

These conclusions are confirmed by the results of the
principal components analysis. While PC1 differentiates
all the animals according to their actual ranks, PC2 (which
is uncorrelated with PC1) sets them apart according to
group membership. This means that, irrespective of their
actual rank, animals whose inborn rank was high differed
from those whose inborn rank was low in a number of
features of social behaviour. Because the two groups differ
in the same way as do the males and the females within
each of the groups, the behavioural style of the females in
group H may be described as more masculine, dominant,
asserlive, and independent.
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