Chapter 8
Social Hierarchy and Dispersal in Free-Ranging
Buffy-Headed Marmosets (Callithrix flaviceps)

Stephen F. Ferrari

Abstract Behavior patterns in a large, free-ranging social group of buffy-headed
marmosets (Callithrix flaviceps) were monitored over a 7-month period during
which four adults — one male and three females — emigrated in two separate
events. Social interactions such as play and allogrooming were relatively frequent,
but agonistic interactions were rare, being observed, on average, less than twice per
observation day for a group with between seven and ten adult members at any given
time. With the exception of events involving the breeding female, intra-sexual ago-
nism was almost non-existent between adults, and male—female aggression was five
times more frequent than female—male. Absent between males and rare in females,
submissive behavior was almost invariably directed by non-breeding females towards
males and the breeding female. Taken together, these interactions point to a three-
tiered social hierarchy within the group, with the breeding female in the top tier,
followed by males in the second, and finally, non-breeding females. However, no
one male was more dominant socially than any other, nor was any non-breeding
female more subordinate. Male and female group members dispersed under different
circumstances, but there is little evidence in either case to suggest that emigrations
were a consequence of intra-group agonism, related to social rank or to competition
for resources.

Resumen Patrones de comportamiento en un grupo de Callithrix flaviceps fueron
monitoreados a lo largo de un periodo de siete meses durante el cual cuatro adultos
—un macho y tres hembras- emigraron en dos eventos distintos. Las interacciones
sociales como un comportamiento lidico y acicalamiento fueron relativamente
frecuentes, pero las interacciones agonisticas fueron raras, siendo observadas, en
promedio, menos de dos veces por dia de observacion para un grupo de entre siete
y diez miembros adultos en un momento dado. Con la excepcién de los eventos
que involucraron a la hembra en estado de reproduccidn, el agonismo intrasexual
estuvo pricticamente ausente entre los adultos, y la agresion macho—hembra fue
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cinco veces mds frecuente que entre hembra—macho. Ausente entre los machos, y
raro entre las hembras, el comportamiento sumiso fue casi siempre dirigido hacia
machos y a hembras reproductoras por hembras no reproductoras. Analizadas en
conjunto, las interacciones indican que una jerarquia social de tres camaradas
dentro de un grupo: hembra reproductora—>macho—hembra no reproductora. Sin
embargo, ningtin macho fue mas dominante socialmente que cualquier otro, y nin-
guna hembra fue méds subordinada. Los miembros de los dos sexos se dispersaron
bajo diferentes circunstancias, pero existe poca evidencia de que las emigraciones
estuvieran relacionadas de alguna forma con agonismo dentro del grupo, sea rela-
cionado con la posicidén social o a la competicién por recursos.

Resumo Padrdes comportamentais em um grupo silvestre de sagiiis-da-serra
(Callithrix flaviceps) foram monitorados ao longo de um periodo de sete meses
durante o qual quatro adultos — um macho e trés fémeas — emigraram em dois
eventos distintos. Interagdes sociais como o comportamento lidico, e a alocata-
¢do foram relativamente freqiientes, embora interagdes agonisticas foram raras.
Agonismo foi observado menos do que duas vezes por dia, em média, neste grupo,
que continha de sete a dez membros adultos, em um dado momento. Com a exce¢ao
de eventos que envolveram a fémea reprodutora, o agonismo intrasexual foi prati-
camente ausente entre adultos, e a agressdo macho—fémea foi cinco vezes mais
freqiiente que fémea—macho. Ausente entre machos, e raro em fémeas, 0 compor-
tamento submissivo foi quase sempre direcionado a machos e a fémea reprodutora
por fémeas ndo reprodutivas. Analisadas em conjunto, as interacdes indicam uma
hierarquia social de trés camadas dentro do grupo, com a fémea reprodutora na
primeira camada, seguido pelos machos na segunda, e finalmente as fémeas ndo
reprodutivas. Entretanto, nenhum macho foi mais dominante socialmente do que
qualquer outro, e nenhuma fémea foi mais subordinada. Os emigrantes dos dois
sexos dispersaram sob circunstincias diferentes, mas existe pouca evidéncia de que
as emigracdes foram relacionadas de alguma forma com agonismo dentro do grupo,
relacionado a posicao social ou a competi¢do por recursos.

8.1 Introduction

Social behavior in groups of marmosets and tamarins (the Callitrichidae) is charac-
terized by the dominance of a single reproductive female or breeding pair (Abbott
et al. 1993; French 1997), even when polygynous breeding is the norm (e.g., Dietz
and Baker 1993; Digby 1995a; Coutinho and Corréa 1996). The cooperative breeding
system mediates tolerance of mature, non-reproductive helpers by breeding animals,
but it also creates the potential for increased competition for both resources and
breeding positions. However, intra-group agonism is normally rare in free-ranging
callitrichids (Goldizen 1989; Digby 1995a), and in captivity, it generally occurs
between members of the same sex (e.g., Callithrix jacchus: Epple 1975; Rothe 1978;
Evans 1983; Abbott 1984; Stevenson and Rylands 1988).
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As only one or two helpers may make a significant contribution to a breeding
female’s reproductive success (Goldizen 1987; Sanchez et al. 1999), it would seem
reasonable to expect declining tolerance in groups with more than four adult mem-
bers (Ferrari and Digby 1996). Many free-ranging marmoset (Callithrix) groups
contain five or more adults, however, which suggests that such tolerance may
depend on additional factors. The marmosets’ unique set of specializations for the
dietary exploitation of plant exudates, which provides a stable resource base, and
the relatedness of group members and the risks of dispersal is likely to help explain
tolerance within large groups (Ferrari and Lopes 1989), as are the relatedness of
group members and the risks of dispersal (Goldizen and Terborgh 1989; Ferrari and
Digby 1996).

In the present study, agonistic behavior in a free-ranging group of buffy-headed
marmosets, Callithrix flaviceps, is analyzed during a period when the group reached
its maximum size (15 members) and four adult members emigrated. The results of
the study point to a three-tiered, gender-based social hierarchy, but no evidence of
any increase in agonism was found with decreasing resource availability, or in rela-
tion to the emigration of group members. Dispersal thus appeared to be triggered by
external (availability of potential mates) rather than internal factors.

8.2 Methods

8.2.1 Study Site and Animals

The C. flaviceps study group was monitored at the Fazenda Montes Claros (19°50’S,
41°50'W) in the municipality of Caratinga, in Minas Gerais, Brazil, between 1985
and 1991 (see Ferrari 1988; Ferrari and Diego 1992). The observational records ana-
lyzed here cover the 7-month period between January and July, 1986, during which a
pair of twins were born and four adult group members emigrated. During this period,
group size varied between a maximum of 15 members (following the birth) and a
minimum of 11, following emigrations (Table 8.1). The study subjects were fully
habituated to the presence of human observers (observer-subject distances were often
less than 1 m) and individually identifiable through differences in pelage markings.

8.2.2 Behavioral Data

Quantitative behavioral records were collected using instantaneous scan sampling
(Altmann 1974), with a scan of 1-min duration carried out at 5-min intervals
throughout the daily activity period of the study group (sleep-tree to sleep-tree)
during 10 days each month. The behavior of each group member located during the
scan was recorded, allowing the compilation of activity budgets (Ferrari 1988,
1992). Behavior sampling (Martin and Bateson 1993) was also used for the collec-
tion of records of social behavior. In all cases, the identity of the animals involved
and the sequence of events were recorded whenever possible. For the purposes of
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Table 8.1 Composition of the Callithrix flaviceps study group during the study period

Identity Age/sex class Observations

Maggie Adult female Reproductive female

Spock Adult female Emigrated in 06/86

Cuba Adult female Emigrated in 06/86

Dida Adult female Emigrated in 06/86

Maéscara Adult female

Jocky Subadult female' Daughter of Maggie (b. 01/85), twin sister of Jimmy
Bob Adult male Reproductive male (?)

Simao Adult male Emigrated between 05/86 and 06/86 observation periods
Gordao Adult male

Smell Adult male

Jimmy Subadult male* Son of Maggie (b. 01/85), twin brother of Jocky
Pablo Juvenile male Son of Maggie (b. 07/85), twin brother of Paxo
Paxo Juvenile male Son of Maggie (b. 07/85), twin brother of Pablo
0Ozl Infant Offspring of Maggie (b. 01/86), twin of Oz2

0z2 Infant Offspring of Maggie (b. 01/86), twin of Ozl

“Reclassified as adult in June, 1986, at 18 months of age

Table 8.2 Categories of social behavior used in the present study, adapted from Stevenson and
Poole (1976), Ferrari (1988), and Digby (1995a)

Category Description

Agonistic

Advance Advancing rapidly on other individual(s) without physical contact;

Arch-back walk Strutting with arched back, normally pilo-erected;

Attack Engaging other individuals in physical contact (grappling, biting,
hitting);

Chase Moving rapidly behind retreating individual;

Threat Facial (open-mouth stare) or postural (arch-back) threat.

Submissive

Avoid Moving out of the path of an approaching individual or moving rapidly
away from an advancing or attacking individual;

Grimace Squinting, open-mouth expression, usually with head lowered;

Submit Lowering upper body towards substrate (“cringing”) and withdrawing

body while looking towards aggressor.

the present study, only records of agonistic (dominant) and submissive (subordi-
nate) behavior categories (Table 8.2) were analyzed. The dominant member of a
dyad was defined according to the ratio of agonistic to submissive behavior. The
characteristics of the data proscribed the use of a more systematic, quantitative
measure, such as Nishida’s (1988) index of reciprocity. Resource availability was
monitored throughout the main study period (for details, see Ferrari 1988).

As the composition of the group changed during the study period, comparisons
between sexes and across months are based on the rate of a given behavior category
per individual per standard observation month (10 days) rather than absolute values.
Group composition only changed mid-month in June, at the end of the fifth day of
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Table 8.3 Records of agonistic behaviour categories among Callithrix flaviceps adults by sex

and month

Adult males:

Records of agnostic behaviour (involving the breeding female):

adult females \ale — male Male — female Female — male Female — female

Month in group

January  4:5 1 16 (0) 1(1) 8 (7"
February 4:5 0 7(1) 2(1) 1(1)
March  4:5 0 22(1) 6 (2) 3(3)
April 4:5 0 17 (0) 4(1) 3(3)
May 4:5 0 5(0) 5(1) 1(1)
June 1 4:6 0 8 (0) 2(0) 0
June2  4:3 0 7(0) 2(0) 0

July 4:3 0 13 (0) 6 (1) 0

Total 1 95 (2) 28 (7) 16 (15)

*All records in parentheses in this column refer to the breeding female as aggressor

Table 8.4 Records of submissive behavior categories among Callithrix flaviceps adults by sex

and month

Adult males:

Records of submissive behaviour (involving the breeding female):

adult females Male — male Male — female Female — male Female — female

Month in group

January  4:5 0 1 (1) 30 (0) 44!
February 4:5 0 1(1) 9 (0) 5Q2)
March  4:5 0 202 25 (0) 2 (1)
April 45 0 0 27 (0) 1(0)
May 4:5 0 0 20 (0) 1(1)
June 1 4:6 0 1(0) 13 (0) 0
June 2 4:3 0 0 23 (0) 0
July 43 0 202 14 (0) 0
Total 0 7 (6) 170 (0) 13 (8)

*All records in parentheses in this column refer to the breeding female as recipient

observation. The data for this month are thus presented separately, with June 1 refer-
ring to the period preceding the emigration, and June 2 to that following the change in
group composition. The distribution of events among individuals was tested using x>

Standardized rates were calculated for each sex (Tables 8.3 and 8.4), and for the
group as a whole (Fig. 8.1). For the y? analyses, the individual values (number of
events) were used, and compared to a homogeneous distribution.

8.3 Results

Infant care-giving behavior and changes in the composition of the C. flaviceps
group during the present study period have been described elsewhere (Ferrari 1992;
Ferrari and Diego 1992). Overall, there was little difference in the contribution of
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Fig. 8.1 Standardised monthly rates of agonistic (shaded) and submissive (unshaded) behaviour
recorded in the Callithrix flaviceps study group. Emigration 1 Simao left group; Emigration 2
Cuba, Dida and Spock left group

males and non-breeding females to the rearing of infants (carrying and food sharing).
The adult male Simao left the study group at the end of May to join a neighboring
group containing a single adult female and two adult males. In mid-June, the non-
breeding females Cuba, Dida, and Spock left the study group to join the two males
from the group into which Simdo had immigrated for the formation of a new social
unit of five adults; they were subsequently observed within the home range of the
main study group on a regular basis.

During the 7 months considered here, social behavior, predominantly play, allo-
grooming, and scent marking, accounted for 10.4% of scan sample records
(n=40713). Agonistic behavior accounted for no more than 0.2% of records in any
one month. Even when behavioral sampling is included, agonism was observed at a
maximum rate of 3.4 records per adult in any 1 month (March), and physical contact
was extremely rare. The maximum monthly rate for submissive categories was simi-
lar (3.8), as might be expected given the complementary nature of these categories.

Agonistic interactions between males were virtually nonexistent, with a single
record collected in January (Table 8.3). Interactions between females were more fre-
quent, but account for a little over one tenth of the records, and almost invariably
involved the breeding female (Maggie). Maggie was aggressor in all but one record of
intra-female agonism, and received two-thirds of intra-female submissions (Table 8.4).

Intra-female agonism was concentrated in the first 3 months of the study period,
when dependent infants were present in the group, and basically resulted from the
breeding female’s monitoring of caregivers. When infant distress vocalizations
were insistent, the breeding female normally reacted by approaching, threatening,
and even attacking adult caregivers (both male and female). This occurred in the
context of both infant carrying and the solicitation of food items (see Ferrari 1987).
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By contrast, no agonism between females was recorded in June, the month during
which Cuba, Dida, and Spock emigrated.

Most of the inter-sexual agonism involving the breeding female was also related
to the monitoring of caregivers. While males were aggressive towards Maggie on
two occasions, she was never observed exhibiting submissive behavior towards
individuals of either sex, which would appear to confirm her dominant position
within the group. Similarly, a male was submissive towards a non-breeding female
on only one occasion, in contrast with 170 records of non-breeding female—male
submission. Males were also five times more aggressive towards non-breeding
females than vice versa. Overall, then, the data indicate that males were socially
dominant over non-breeding females.

While males as a whole were clearly dominant over non-breeding females, the
almost total lack of intra-gender agonism obscures any possible linear hierarchy.
There was also no clear tendency for a given male to be more aggressive than others
(January to May: y*=4.96, df =3, p>0.20), nor for a given non-breeding female to
be more submissive (y*=6.22, df=3, p>0.05).

Despite being able to exploit plant exudates systematically as a substitute
source of carbohydrates during periods of fruit scarcity, marmosets are vulnerable
to seasonal fluctuations in the abundance of arthropod prey, which declined pro-
gressively during the present study period, accompanying the transition from the
wet to the dry season (Ferrari 1988). Over the year as a whole, feeding on animal
material declined significantly with decreasing arthropod abundance, as did for-
aging efficiency and prey selectivity. However, the relative contribution of animal
material to the C. flaviceps diet varied little between January (17.4% of feeding
records) and June (19.8%), whereas it fell to 9.3% in July, that is, after the
emigrations.

The exact consequences of such seasonal changes are unclear, but the fact
that Maggie gave birth to a set of healthy twins towards the end of September
appears to support the idea that nutritional stress was not a factor. While the
observed changes do suggest that intra-specific competition increased during the
course of the study period, there is no evidence to suggest that this resulted in
any change in the relationships between group members (see Fig. 8.1), in par-
ticular with regard to the possibility that emigrations were stimulated by an
increase in intra-group agonism. Inter-gender aggression was in fact recorded
less frequently than expected (homogeneous distribution) in May (y*>=3.83,
df=1, p>0.05) prior to the emigration of Simdo, and barely more than average
in June 1 (¥*=0.18, df=1, p>0.70).

8.4 Discussion

The social dominance of a single breeding female or male/female pair is a well-
documented characteristic of callitrichid social organization, one which has a
well-defined role in the reproductive biology of these primates (Abbott et al. 1993;



162 S.F. Ferrari

French 1997). In general, relationships between other group members have received
less attention, although tolerance is the norm (at least in the wild), even between
unrelated group members or potentially reproductive adult males. Captivity often
accentuates intra-group agonism (Epple 1975; Rothe 1978; Box and Morris 1980;
Abbott 1984; Snowdon and Soini 1988; Moura 2003), which may result in the
formation of a distinct, intra-sexual hierarchy (Rothe 1978; Fuchs et al. 1991). But
up to now, little evidence has been found of social dominance between the sexes
(Evans and Poole 1984; Sutcliffe and Poole 1984; Digby 1995a), as might be
expected for such a sexually monomorphic mammal (Kleiman 1977).

The gender-based social hierarchy described here thus represents a somewhat
novel interpretation of the social organization of a callitrichid species. Unfortunately,
with the exception of data collected at the present study site (Ferrari and Diego
1992; Guimaraes 1998), virtually nothing is known of the behavior of C. flaviceps,
so it remains unclear whether the patterns reported here are typical of the species,
and even less so, to what extent similar patterns might be expected in other mem-
bers of the genus. In fact, with one exception (Digby 1995a), very little is known
of intra-group relations in Callithrix species. Digby found some evidence of an
age-based hierarchy in the common marmoset, Callithrix jacchus, although the
social context was different from that in C. flaviceps, in particular the presence of
two breeding females in each of the three study groups.

What does seem most likely, from these scant data, is that social structure and
intra-group relations in marmoset species are as variable as their mating patterns
(Ferrari and Digby 1996; Ferrari et al. 1996). As for mating patterns, group com-
position may play at least as important a role as ecological variables. Except for
recruitment through births, the composition of the C. flaviceps study group
remained unchanged for at least 18 months prior to the emigrations reported here,
and it seems likely that most if not all group members were closely related (Ferrari
and Diego 1992). All three C. jacchus groups appeared to be less stable, by con-
trast, suffering losses of both adult and immature members (Digby and Barreto
1993), in addition to at least one infanticide (Digby 1995b). The latter, in particular,
appears to reflect more intense competition for reproductive success, as might be
expected from the presence of two breeding females in each group.

The relatedness of group members may be a key factor in intra-group relations,
and may account for much of the difference between captive and field data, given
that the stable resource base provided by the marmosets’ gum-feeding specializa-
tions is common to all species (Soini 1982; Ferrari and Digby 1996; Ferrari et al.
1996; Passamani 1996; Veracini 1997, this volume Chapt. 12). Ideally, it would be
valuable to compare systematically the social relations in groups of different com-
position, although up to now, there has been only one field study in which the
genetic relatedness of all group members is known (see Faulkes et al. Chapt. 5 this
volume). Systematic differences between marmosets and tamarins (Leontopithecus
and Saguinus) might also be expected, given the ecological and demographic dif-
ferences between these two groups (Ferrari and Lopes 1989).

The present study also reinforces the highly systematic nature of dispersal and
group formation in this species, at least. The only pattern observed in the present
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study was an apparent increase in agonistic interactions between the breeding
female and non-breeding females at the time of the birth. Certainly, there is no
evidence to suggest that intra-group agonism was influenced in any way by resource
abundance or intra-group competition, nor that emigrations were related to either
factor. It thus seems more likely that the primary determinant of both emigrations
was the availability of potential mates in neighboring groups. Timing may also have
been important, given that Simao’s emigration coincided with the period during
which Maggie would have conceived the litter born in late September.
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