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INTRODUCTION

Virtually all species of primates live in discrete social
groups that persist over long periods of time. In reviewing the
literature both Wrangham (1987) and Rodman (1988) summarize the
leading hypotheses for the evolution of social structure and group
living among non-human primates. Improved predator avoidance, food
defence and increased foraging efficiency are all offered as
possible selective pressures favoring group living.

The early predator detection hypothesis reasons that in larger
groups, with more individuals being alert to predators, not only
will predators be spotted sooner than they would be by a smaller
group or by a lone individual, but also that in the larger group,
each individual will be less likely to be the wvictim if the
predator is successful. The food defense hypothesis argues that
groups of animals compete over scarce, high quality food patches
and that large groups invariably dominate over smaller groups in
gaining access to the food (Mitani and Rodman, 1979; Cheney, 1987).
This theory could easily be applied to any resource that is scarce,
such as water holes, safe sleeping sites, and shelter from either
the environment or from predators. Finally the foraging efficiency

hypothesis posits that members of a large group may communicate



knowledge about food resources, so that each individual may spend
less time and energy searching for food.

Those who study social structure are careful to discuss the
costs as well as the benefits of group living. Wrangham (1983)
stresses that the costs and benefits to males and females need to
be considered separately, given the unigue selection pressures on
each sex. I will consider first the costs unique to males living
in a multi-male, multi-female group and then the costs to females
living in the same group.

The main cost to the reproductive success of males living in
a multi-male group is the competition they encounter with other
males while trying to gailn access to estrous (reproductively
receptive) females. Another cost to males living in a group is
that of being 1low ranking. Males in multi-male groups form
dominance hierarchies among themselves and it appears that having
a high agonistic rank may confer both direct and indirect benefits
to the male’s fitness and conversely, that having a low agonistic
rank may confer costs to the male‘s fitness (Bernstein, 1976; Post
et al., 1980; Estep, 1988). Fitness is defined as the number of
offspring an individual leaves in the group that survive to an age
at which they themselves are capable of reproducing (Alcock, 1989
p.548). The dominant male’s fitness is benefited directly by
gaining access to reproductive females and indirectly by having
access to resources such as food, shelter and sleeping sites
(Oates, 1987; Silk, 1987). The low ranking male’s fitness is

affected in the opposite way. His only access to a female may



occurs when she is not in estrous, and he may have to give up other
resources to the males in the group that hold a higher rank
position (Oates, 1987; Silk, 1987).

Females 1living in groups, like males, face costs such as
increased competition for nearly all resources except mates
(Darwin, 1871; Trivers, 1974). Because of the female’s time-
consuming investment in the production of offspring, there are
often more males in primate groups than there are females available
for reproduction. Although females need not typically compete for
mates, they do incur other reproductive costs by living in groups.
Infanticide is a direct cost to a female’s reproductive success.
Because adult female primates become sexually receptive upon the
death or the weaning of their infant, an immigrating male may
commit infanticide to increase the availability of cycling females,
and thus to increase his chance of passing along his own genes and
of directly increasing his fitness (Hrdy, 1979; Hausfater and Hrdy,
1984; Struhsaker and Leland, 1984). Losing an infant to
infanticide directly lowers the female’s fitness and is therefore
a direct cost of living in a group. Females may also incur direct
costs to their reproductive fitness simply by being low-ranking in
a large group. Although the mechanisms are not fully understood,
it has been observed that lower ranking females produced fewer
offspring than dominant females in a group (Abbott, 1987). Being
low-ranking also affects a females fitness indirectly by such
things as frequent feeding interruptions (Shopland, 1987).

In spite of the costs to females of living in a group, there



are some benefits that are unique to them. Females in the group
form alliances, most often with closely related females. Females
within an alliance often help one another against aggressors and
may help one another with such tasks as carrying infants and
providing general care for each other’s offspring (Smuts, 1987).
Alliances are also beneficial in defending any scarce resource
against others.

These female alliances, according to Wrangham (1983), make up
the core composition of the group. The composition of most
cercopithecine primate groups is a stable, multi-male, multi-female
group. Females remain their entire lives in the group into which
they were born (their natal group) and males disperse out of the
group just prior to reaching sexual maturity. The matrilines
(related adult females and their offspring), and the alliances
formed within matrilines, provide stability to the group
composition, while births, deaths, immigration and emigration bring
change and variation to the group (Rodman, 1988).

The composition of the group remains stable over long periods
of time as a result of both negative and positive behavioral
mechanisms. Aggressive or agonistic behaviors, such as threats,
chasing and actual fighting (Smuts, 1987), are the mechanisms by
which membership of the group is limited and "outsiders" are kept
out. Positive, affiliative behaviors such as grooming, sharing
resources, allowing others to remain in close proximity, and
forming alliances, all increase the cohesiveness within the group

(Smuts, 1987).



Along with the composition of the group, the number of animals
living within the group is important. The optimal size for each
group of animals 1is dependent on such things as predation
pressures, the size of the group’s home range and the gquality and
quantity of necessary available resources. As the habitat
continually changes, the optimal size for the group changes as
well. Typically, these changes are achieved through births,
deaths, immigrations and emigrations. Less frequently, the need
for extreme and rapid change in group size may occur. Fissioning
and fusing of groups are both mechanisms for such changes. If a
group has grown too large to sustain itself, it may divide into two
or more independent subgroups, while a group that has become too
small to defend its members and resources may fuse with another
group, becoming one large group.

Although the fissioning of a stable, social primate group is
a rather extreme response to changes in the habitat, the fissioning
of several social primate groups has been reported in the
literature of the past 30 years (e.g. Furuya, 1969; Nash, 197¢;
Chepko-Sade and Sade, 1979; Melnick and Kidd, 1983; Cords and
Rowell, 1986). Fissioning is the process by which one large
socially structured group of animals gradually becomes less
cohesive until two or more independent subgroups are formed.
Fissioning has been observed rather frequently with food-
provisioned animals and occasionally with free-ranging, non-
provisioned animals. The process can take from one month to two

years. The completion of fissioning has two criteria as defined by



Missakian (1973): the cessation of grooming by the adult females
between new subgroups and the stabilization of the female hierarchy
within each subgroup.

The phenomenon of group fissioning has most often been studied
in two types of populations. Most of the fission data come from
studies in which all of the individual animals are known and can be
identified, but in which the groups are protected and food-
provisioned (Sugiyama, 1964; Furuya, 1969; Missakian, 1973; Chepko-
Sade, 1974; Cheverud et al., 1978). Human provisioning and
protection seem to result in a much higher population growth rate
than would be found in wild, non-provisioned populations (Silk,
1987).

A second kind of population used in fission studies is one in
which the animals are not protected and provisioned, but in which
individual animals, their ranks and genealogies are not known
(Stoltz, 1972; Struhsaker and Leland, 1984; Malik et al., 1985).
Typically, studies in which individuals cannot be identified
consider only the demographic constraints on population sizes.
Behavioral data leading to fission in natural populations are
usually unavailable.

Many important factors affecting fissioning cannot be learned
from these two types of studies. Human provisioning may confound
or exaggerate the selection pressures which would favor fissioning
in wild, non-provisioned populations. Because fissioning rarely
occurs in non-provisioned groups (Struhsaker and Leland, 1984),

only demographic data may be available for these studies. Such



data are valuable but lead to an incomplete understanding of what
actually occurs during fissioning if behavioral data are not known.

Alto’s Group, a troop of baboons (Papio cynocephalus) in
Amboseli National Park, Kenya, under the observation of J. Altmann
and colleagues since 1971 (Altmann, 1980), provides a nearly unique
opportunity to fill in many of the gaps 1in understanding
fissioning. In Alto’s Group, which fissioned between 1989 and
1991, the dominance rank, age and genealogical background of each
individual is known.

Studying Alto’s Group not only makes it possible to observe
the fissioning of a free-ranging, non-provisioned population, but
it also allows us to look at data from years before the fission,
helping to determine which factors, whether demographic,
genealogical or behavioral, led to the fission.

Considering the costs of living in a group, with whom an
animal would choose to form an alliance, and further, with whom it
would choose to become part of a newly formed subgroup, are
integral parts of group living. Hypotheses concerning both the
competitive and cooperative aspects of living in a group predict
that an individual would prefer to live with close relatives who
have genetic 'motivation’ for cooperating, over unrelated
individuals who would have no such incentive (Trivers, 1974).
Further, since males disperse, while females remain in their natal
group throughout their lives, it follows that the females in the
group would be the sex best most likely to form long lasting,

enduring relationships.



The purpose of this paper is to study demographic,
genealogical and behavioral data prior to the fission to see which
of these aspects, best predict which animals will form bonds that
will persist through the fission and which animals will be

Demographic studies of fission (Mohot et al., 1981; Struhsaker
and Leland, 1984; Malik et al., 1985) would lead us to predict that
a group increases in size prior to fissioning.

Genealogical studies by Chepko-Sade and Sade (1979), and by
Chepko-Sade and Olivier (1979), concerning both the effects of
relatedness and matrilineal rank on fission, would lead us to
predict that closely related animals will stay together more often
than do unrelated or distantly related animals, and that lower
ranking matrilines will be more apt than higher-ranking ones to
split up.

Studies of the behavioral aspects of fissioning lead us to
predict that animals who engage in grooming and other affliliative
behaviors, such as spending time in close proximity to each other,
will be more apt to stay together through the fission than those
animals who do not (Cords and Rowell, 1986), and that bonds
existing between males and females will act as a template on which

the fission will act (Nash, 1976).

SUBJECTS

The subjects of this study are savannah baboons (Papio

cynocephalus) living in Amboseli National Park, Kenya. The life



history of savannah baboons has been well documented in the
literature (e.g., Altmann et al., 1977, 1981; 1988). Baboons are
considered infants for their first one to two years during which
they are dependent upon their mothers for protection, food (milk)
and locomotion. Both males and females go through a juvenile
stage; the stage is slightly shorter for females. Females are
considered adults when they reach menarche (sexual maturity) at
approximately four to five years. They usually conceive their
first infant a year later, after a 25 week gestation period. Males
stay in the juvenile stage until they are five to six years old, at
which point they enter the subadult stage. Although males are
capable of reproducing during the subadult stage, they weigh only
half as much as a fully adult male and are much lower-ranking
(Altmann et al., 1981). Towards the end of the subadult stage,
which lasts two to three years, males usually attain nearly their
full size and weight, disperse from their natal group and achieve
a high rank in their new group. At this point they are considered
adults and are reproductively active.

This study focuses on one troop of baboons, Alto’s Group,
which is part of an ongoing, longitudinal study that began in 1971
(Altmann, 1980). The specific characteristics of the composition

of Alto’s Group will be discussed in detail later in the paper.

METHODS
The sampling methods used for the data collection in the

field are described by Altmann (1974) and are found in the



"Monitoring Guide" given to each researcher who collects data at
the Amboseli site.

Demographic, genealogical and behavioral data have been
analyzed for the period from 1984 through November 1991, with troop
fissioning occurring during 1989 through 1991. Analyzing data from
five to seven years prior to the fission was done with the hope
that any emerging patterns or predictors of which animals would
eventually split up during the fission and which would stay
together would be illuminated. The demographic data were analyzed
to see how the size and age-sex composition of the original group
was related to the fission and what the composition of the new
subgroups were. The genealogical data were used to look at whether
such factors as relatedness and matrilineal rank were reliable
predictors of which animals stayed together through the fission.
The behavioral data were analyzed to determine whether those
animals who spent time in close spatial proximity to each other and
engaged in positive social behavior, such as grooming, were more
likely to stay together than animals who spent most of their time
spatially far apart and therefore also could not engage in

grooming.

DEMOGRAPHIC DATA

The demographic data were obtained from daily census sheets,
and annual demographic summaries of births, deaths, immigrations
and emigrations. The demographic data were used in analyzing the

size and age-sex composition of the group and the occasional
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sleeping and ranging subgroupings observed. The demographic data
were collected using instantaneous scan sampling (Altmann, 1974) in
which the entire group was scanned at predetermined times.

The size of the group was détermined from censuses taken on
every animal in the group each day that Alto’s Group was observed.
The total number of animals in the group each month was calculated
and then used to derive the annual average size of the group.
Group size was calculated for the period from January 1984 through
November 1991.

The age-sex categories for the original group and the
subsequent subgroups were also taken from the census data. The age
categories used for analyzing the fission are slightly different
than those categories described earlier. For analyzing the age-sex
composition and the dynamics of subgroup formation, I assigned each
animal the age it had attained iﬁ January 1988, the first day that
a subgroup was observed. In describing the composition of the
final subgroups I assigned each animal the age it had attained by
the end of the study in November 1991. For the rest of the paper,
all animals less than two years old in January 1988, and all
animals born anytime after January 1988, were considered infants.
Juvenile females included all females who were two years, and less
than four years of age in January, 1988. All females who were
four years old or older in January 1988 were categorized as adults
whether or not they had actually reached menarche. There were two
situations in which females who were just under four years old were

considered adults. These cases will be discussed later. Juvenile
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males included males who were two to five years old in January
1988. All five and six year old males at the beginning of fission
were categorized as subadults, and all males who were known to be
seven years old in January 1988, or who immigrated into the group
during the fission period, were classified as adults.

The ranging data were also derived from the daily census
sheets. The researchers were instructed to complete an early
morning census of all the animals present, as soon after they had
reached Alto’s Group as possible. On those mornings when the
researchers arrived at the sleeping sites before the animals had
descended from the trees, the sleeping data (composition of the
sleeping groups) were gathered and analyzed in the same way as the
ranging data.

When Alto’s Group was divided into two ranging or sleeping
subgroups, the larger group was labeled I, and the smaller group
was labeled either IA, IB or II, depending on the composition of
adult females. If the small group had mostly adult females who
would in the future belong to group IB, for instance, the small
group for that day was called IB. From September 1990 on, three
subgroups were observed increasingly often and were always labeled
Ia, IB or II according to the adult female composition of the
subgroups. On those occasions after September 1990 when the
animals were divided into just two groups, the larger group was
again labeled I and the smaller group was labeled, as before, by
the adult females found in the group: In the end, the membership

of each of the three subgroups was determined by the final
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composition of the group in November 1991. For those individuals
who died before November 1991, but had been alive for most of the
fission period, their final group assignment was based on the group

they had been observed in most frequently before they died.

GENEALOGICAL DATA

Genealogical data were used to analyze the effects the fission
had on matrilines. The matrilines considered in this paper were
defined as descendants of females who were either older juveniles
or adults in 1971 when the longitudinal study of Alto’s Group
began. Although the term matriline usually refers to related
females and all their offspring, for this study the term matriline
will refer only to related adult females and their adult female
offspring. ’Siblings’ is another term commonly used 1in the
analysis of the genealogical data, and in this study, it is
referring only to siblings related through the maternal line;
paternal siblings are not considered here. Genealogical data were
first analyzed to derive a relatedness metric following the formula
used by Chepko-Sade and Olivier (1979). Relatedness was also
considered through the maternal line only. Each link in a pedigree
chart separating two individuals was assigned a value of .5. The

product of these values was the degree of relatedness through the

maternal line. For example, a mother and her offspring had a
degree of relatedness of .5 (.5'). First cousins had a degree of
relatedness of .062 (.5%) because both cousins are removed from

their common maternal grandmother by two links. An average degree
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of relatedness for the matriline as a whole was derived by taking
the average of all the degrees of relatedness for all possible
adult female dyads within the matriline.

Matrilineal rank was assigned by taking the rank of each adult
female in 1990 and averaging these for each matriline. This was
one case in which four females who were not quite four years old in
January 1988 were considered adults. This was done because these
females had attained their adult status in the agonistic dominance
hierarchy and had reached menarche by June, 1990, which was the
date used for calculating matrilineal ranks. The addition of these
four females did not change the relative rank position of any
matriline.

When locking at the mother-son dyads and the mother-daughter
dyads during the fission, only females who were four years old or
older in January 1988 were included as mothers, even though younger

females matured and had offspring during the fission process.

BEHAVIORAL DATA

Behavioral data came .from several sources. The methods used
to collect the behavioral data were the ad 1lib and focal animal
point sampling techniques. For ad lib data, a given behavior, such
as agonism, was recorded whenever it happened to be observed in any
group member. The focal animal point sample technique is used to
assure collecting a complete data set for one animal at a set
sampling interval, for example by recording the behavior of that

animal every minute on the minute. This technique provides
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information on how much of their time animals spend in various
behavioral states. The grooming and nearest neighbor data were
collected using the focal animal, point sample.

Agonistic dominance ranks were assigned to animals in Alto’s
Group based on agonistic data collected by the ad lib observational
method. Only adults were considered for this study and their rank
as of 1990 was used. Adult males and adult females have separate
dominance ranks. Females were added to the dominance rank at
menarche and males at either sexual maturity or as they immigrated
into the group. Individual rank was the second case in which four
young females who were just under four years of age in January 1988
were included in category of adult females. They were included in
the individual rank analysis for the same reason they were included
in the matrilineal rank analysis; because they had reached menarche
and had established a position in the dominance rank in the 1990
hierarchy used. A reversal in rank occurred when one animal "won"
an agonistic bout with an animal above it in the hierarchy, and
when the win went uncontested for the duration of that month
(Hausfater, 1975).

Both grooming and nearest neighbor data were collected using
the focal animal, point sample method. Only adult females were
used as focal animals. At each predetermined time interval of the
observation session, the focal animal’s activity and the identity
of her nearest neighbor were recorded. For both grooming and
nearest neighbor analysis, only observations in which either the

grooming partner, or the nearest neighbor were adult females, were
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considered. Females that either died or disappeared before a final
subgroup could be established for them, were not used in the
grooming and proximity analysis. Grooming and proximity dyads of
adult females were averaged over either the specific matriline or
over Alto’s entire group of adult females. The years from 1984
through 1988 were divided into eight periods; (1989 and 1990 were
not used for grooming and proximity analysis because grooming
partners in 1989 and 1990 would not be independent of who was in an
animal’s subgroup) . The years 1984, 1985 and 1986 were each
divided into two periods, January to June and July to December.
The yvears 1987 and 1988 each counted as one period. After the five
yvears were divided into eight periods, a measure was calculated
(for both grooming and proximity) for each period and then averaged
across all periods for which both animals were available as a focal
animal.

The grooming data came from two sources in the point sample
data. Both grooming, or being groomed, by a specific animal were
added to obtain an estimate of the time spent in a grooming
relationship for each dyad.

For reciprocity in grooming, the rate at which the focal
animal groomed another animal was compared with the rate at which
the focal animal was groomed by the other animal. A perfectly
reciprocal grooming dyad would have a reciprocity measure of .5
(50% of the time the focal animal groomed and 50% of the time the
focal animal was groomed). A reciprocity measure of zero means

that the grooming was completely uneven, with one animal doing all
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the grooming and never being groomed.

For the nearest neighbor analysis, the same point sample data
were used. A nearest neighbor relationship was different than a
grooming dyad however, in that, if animal A was grooming animal B
then B was being groomed by A. That is not necessarily the case
with the nearest neighbor data. Animal A could have animal B as
its nearest neighbor, while animal B has animal C as its nearest
neighbor. For calculating the proximity metric for A and B, I
summed the fraction of the time A was B’s nearest neighbor and the
fraction of time B was A’s nearest neighbor and multiplied by 100.
Only adult females whose final subgroup was known were used. Each
dvad was then labeled according to whether or not the females
stayed together through the fission or separated.

Throughout the paper I used terms such as "split off from the
rest", "remained in the group", "separated" and "stayed together".
These terms are all biased and sound as if it were known which
subgroup was the core group and which subgroup or individuals
splintered off. 1In order to be consistent, on those occasions when
the animals were divided into two or more subgroups, I referred to
the group with the most individuals as the core group and the group
with fewer animals as the subgroup that splintered off.

The data used in this study are the unpublished data belonging
to J. Altmann and the ongoing baboon study in Amboseli National
Park, Kenya. These data may not be quoted or published without the

express permission of J. Altmann.
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RESULTS

DEMOGRAPHIC DATA

In the three years prior to the fission, 1986 -1988, the
number of individuals in Alto’s Group varied from 61 to 71 animals.
During 1989 and 1990 while the fission was actively occurring, the
average number of individuals in the group grew from 65 to 81
animals. By November 1991, when the fission was considered
complete, the number of individuals in the three newly formed
subgroups were comparable, containing 29, 24 and 25 animals (Tables
1 and 2). Of the 15 adult males, five went into each subgroup.
Only two males were considered subadults at the completion of the
fission and both went into subgroup IB.

The adult females divided themselves less evenly between the
three groups. Subgroup IA had the most females, with eleven. Nine
adult females went into subgroup IB and seven became members of
subgroup II. There were six juvenile males, ten juvenile females
and eighteen infants, nearly all of whom followed their mothers to
their new subgroups. (The few exceptions will be discussed in
detail in the discussion section.)

The sleeping and ranging data gave the best information for
recreating an actual model of the timing and composition of each of
the subgroups (Fig. 1). The ranging data were presented in a year-
by-year fashion to make the sequence of events more straight

forward.
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Age—sex categories of animals in Alto's group in January 1988

only those animals whose final group could be assigned are included

Adult males (6)
Giza, Golon, Kim,

Miinzi, Nol, Tycho
Subadult males (2)

Neptune, Sezna

Juvenile males (5)

Elfu, Godot, Inzi

Jitu, Vumbi

Adult females (23)

Cheka, Dotty, Dudu, Eno, Fumbo, Handle,

Heidi, Heko, Janet, Nyayo, Omo,
Oreo, Pichka, Proton, Safi, Sanag,

Scherzo, Scion, Siku, Spetter, Vee, Vera, Vixen

Juvenile females (6)

Alfa, Celeste, Ella, Huru, Viva, Voi

Infants of both sexes  (10)

Dallas, Franklin, Haki, Paka, Sidai, Sudi, Sunbird, Varmint, Venus, Vortex

Table 1



Age—sex compositon of the three Subgroups in November 1991

Adult males

Adult females

Subadult males

Juvenile males

Juvenile females

Infants
of both sexes

Table 2 Membership in age categories as they were in November 1991, not 1988.

Subgroup IA

Elfu, Godot, Neptune,
Nol, Sezna,

Celeste, Cheka, Dudu,
Fumbo, Handle, Heidi,
Heko, Huru, Nyayo,
Sana, Scherzo

Sidai

Hali, Sera, Soda

Chris, Drongo, Fedhaq,
Foto, Hammer, Hildq,

Nado, Sawa, Sean,

Subgroup B

Inzi, Jitu, Mlinzi,
Noggin, Tycho

Alfa, Dotty, Ellg,
Omo, Oreo, Venus,
Viva, Vixen, Vortex

Franklin, Sudi

Charlie, Dallas, Orlon

Velcro

Dove, Oryx, Vida,
Vinyl

Subgroup |l

Golon, Jeshi, Karim,
Pius, Sherlock

Janet, Paka, Proton,
Scion, Spetter, Vera,
Voi

June, Varmint

Casey, Joto, Pato,
Pizza, Sita, Sunbird

Cate, Parrot, Pony,
Vim, Vunja



Model of the sequence of the subgroup formation during fission
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1988

In 1988 Alto’s Group was one large group consisting on average
of 65 animals. Because of problems locating the group, there were
few days (96 for the entire year) in which the group was observed.
There were most likely both ranging and sleeping subgroupings that
would have given more clues as to the process of the fission early
on, but were not observed. There were 2 days out of the 96 days of
observations, when a small group of animals either slept or foraged
apart from the rest of the group. These small groups in no way
resembled the composition of any of the three future subgroups but
rather seemed to be a blend of animals from all three subgroups
that later formed.

1989

In 1989, observations of Alto’s Group were made on 114 days,
and on eight of those days, subgroups were formed. During the
first half of the year, there were occasional days when the small
group observed consisted mostly of older females. These females
eventually made up the subgroup called IB. These groups were 75% -
85% consistent with the future IB subgroup. The discrepancies
between the IB subgroup in 1989 and 1991 were, for the most part,
accounted for by males who were juveniles in 1989 and then
"dispersed" to one of the other newly formed subgroups by 1991, and
by two females with their infants. During the second half of 1989
members of the future subgroup II began to split off. On several
days of observation, every member of the future subgroup was

observed splitting off together.
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1990

By the beginning of 1990, the animals who eventually formed
subgroup II started splitting off from the rest of the group fairly
frequently. Observations were collected on 68 days and on 36 days
subgroups formed. On all but 2 of those days during the first nine
months of the year, subgroup II was the group to split off from the
rest. From that point until the fissioning was complete, it was
almost always subgroup II that left the rest of the group. If
subgroup IB had not been observed splitting off as early as 1989,
it would appear that the members of subgroup II were the first to
initiate the fission. During the last three months of the year,
all three subgroups were observed splitting off from the others.
September 1990 was the first month during which the animals who
later make up subgroup IA were seen splitting off.

A few animals "visited" the different groups and did not
commit to one subgroup until the very end of the fission. The two
adult females who visited other groups most frequently were Spetter
and Siku, sisters who occupied positions one and two in the
dominance ranking order. The female who visited most often after
Spetter and Siku was Paka, a young female who was the daughter of
the second lowest ranking female. Giza, an adult male, and Dotty,
an adult female, visited other groups often and almost always
together. I could not tell which of the two was leading and which
animal was following. Both animals were rather high ranking. The

composition of subgroup II became quite stable by mid July.
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1991
During 1991, all three subgroups were sleeping and ranging in
discrete groups approximately 50% of the time (9 out of 19 days of

observations). By November the fission was considered complete.

GENEALOGICAL DATA

Alto’s Group had eight matrilines (Table 3), two of which
consisted of only one adult female and her infant by the end of the
fission, and so were not considered when analyzing the behavior of
more than one adult female within the same matriline. One of the
most obvious comparisons to make when considering matrilines during
fission was how the degree of genetic relatedness affected the
likelihood that a pair of females would separate during the
fission. A relatedness metric was derived for each dyad of adult
females within a matriline, following the same calculations used by
Chepko-Sade and Olivier (1979). For Alto’s Group a correlation was
observed between degrees of relatedness and whether or not they
stayed together or were separated by the fission (Fig. 2). Animals
that were closely related were much more apt to stay together than
separate and, as the relationship became more distant, the animals
became more likely to separate than stay together

The matriline that was both highest ranking and largest did
split up, which fact both contradicts the rank hypothesis, and
supports the size hypothesis made by Chepko-Sade and Sade (1979).

Some aspects of fissioning and its impact on matrilines that
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Table of matriline characteristics

matriline's number of adult range and average related— females separated or

ordered by rank short name femalesin 1988 ness through maternal line stayed together
1. Alto ALT 8 5 —.031 176 separated
2. Scar SCA 3 25— 125 166 separated
3. Handie HAN 3 5 —.25 416 stayed together
4. Este EST 1 n/a n/a
5. Oval OVA 3 5 —.062 229 separated
6. Fluff FLU 3 gl — 29 416 separated
7. Preg PRE 3 25 -.125 166 separated
8. Jud JuD

y 1 n/a 0/

Table 3 Characteristics of matrilines considering only those females who were four years old or older in Jan. 1988.
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have not previously been looked at, such as the comparison between
the effects of fission on mother-daughter pairs and mother-son
pairs, were considered, using the data from Alto’s Group. During
the entire fission process, from January 1988 through November
1991, there were 34 mother-daughter pairs and 14 mother-son pairs
in which the final subgroup of both the mother and her offspring
were known. Seven additional infants who were born during this
time died before their final groups were known, and so were not
considered in the mother-offspring analysis. In November 1991, at
the last census record used for this study, there were 35 mother-
daughter dyads and 19 mother-son dyads, in which the final group
was known for both the mother and her offspring and in which all
offspring were considered, regardless of age. Thirty-two of the
35 daughters remained with their mothers and only three of the
daughters separated from the their mothers. Of the 19 mother-son
dvads that existed through November 1991, 6 sons separated from
their mothers and 13 sons stayed with their mothers through the
fission. Age was probably the deciding factor in the mother-son
dvads that separated. The males that split off from their mothers
were generally reaching the age at which males typically disperse
(Pusey and Packer 1987), whereas those that stayed with their
mothers were still quite young during the fission period.

When considering only those offspring who were infants at the
onset of the fission, an those offspring who were born after the
fission began, in 38 cases out of 41 the offspring remained with

its mother. The three exceptions will be addressed in the
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discussion section.

BEHAVIORAL DATA

In both the male and the female hierarchies, the top ranking
animals divided themselves evenly among the three new groups (Table
4). The male rank order was especially striking. Each of the top
three ranking males ended up in a different subgroup; II, IB and IA
respectively. Likewise, the fourth through sixth ranking males
also divided themselves evenly among the three new groups, this
time into groups IB, II and IA respectively. The seventh ranking
animal went to group II and the eighth to group IB. The ninth
ranking male divided his time between groups II and IA, but
eventually stayed in group IA as did the tenth ranking male, with
the result that the seventh through tenth ranking males divided
themselves in a way that closely resembled the division of the
first six males.

The females generally divided themselves between the three new
subgroups in much the same way as the males, but the division was
not nearly as uniform (Table 4). The top two ranking females went
to group II, the third and fourth ranking went to group IA, and the
fifth ranking female became a member of group IB. The sixth
through the 15* ranking females went to group IA with the exception
of the ninth ranking female, who became a member of group II. Most
of the sixteenth through the 23rd ranking females became members of
IB and the lowest four ranking animals went to group II.

In the dominance hierarchies for both sexes, the top ranking
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Social dominance ranks and subgroup compositions in 1990

Subgroup composition by male ranks

Subgroup composition by female ranks

A B | |
ALT 3, 4, 6, ALT 5, ALT 1,72
scA  7,8,(10) est (16),17 SCA 9
HAN 12,13,(14),15 ova 19,20 FLu (18), 25
PRE 11 FLU 22,23 PRE 24,26
OVA 21 Jub 27

Table 4 () Females who were part of the dominance rank in 1990 but are not considered as adults elsewhere in the paper
because they were under four years of age in January 1988.



animals divided themselves evenly between the three new subgroups.
Furthermore, in the female hierarchy, the highest and the lowest
ranking animals ended up in the same group.

For social relationships, the grooming behavior of adult
females within the same matrilines was considered first. In four
out of six of the matrilines, the dvad that groomed the most stayed
together (Figs. 3 and 4). The general trend seemed to be that
those dyads that stayed together groomed much more than those dyads
that separated. In the two matrilines in which the dyad that
groomed the most separated, the dyads that stayed together were
also frequent groomers.

Next, each adult female in Alto’s Group was examined,
regardless of matriline, to see if their grooming with other adult
females, either related or unrelated, was similar to the grooming
observed within matrilines. For five out of the eight matrilines,
it was found that the pairs of females that spent more time
grooming became members of the same subgroup as their partners,
regardless of relatedness (Fig. 5). These included the four
matrilines with the greatest time spent on grooming relationships.

Finally, the grooming data were analyzed to see what effect
reciprocity had on whether dvads of adult females stayed together.
For the females in all but one matriline, Judy'’'s, the combined
unrelated and related grooming dyads that stayed together had a
higher degree of reciprocity than those in which the members of the
dyad separated (Fig. 6).

In analyzing the nearest neighbor data, it was found that the
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Time spent grooming by dyads of either related or unreloted adult females
averaged for each matriline over a five year period
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Fig. 5 Only females who were at least four years old in January 1988 were considered.



Reciprocity of grooming by dyads of either related or unrelated adult

females averaged for each matriline over a five year period
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dvads with a higher proximity measure stayed together more readily
than those dyads with a lower proximity measure. When both females
in the dyad were from the same matriline, proximity was a good
predictor of who would stay together through the fission (Fig. 7).
In five out of six matrilines, the dyads with a higher proximity
measure stayed together. When all possible dyads of either related
or unrelated adult females in the group were considered, the use of
proximity was not as predictive of the fate of the dyads through
the fission. For only five out of eight matrilines in which the
dvads with higher proximity measures stayed together, the
difference between dyads that stayved together and those that

separated was very small (Fig. 8).

DISCUSSION

DEMOGRAPHIC DATA

The fissioning of stable, social non-human primate groups has
often been discussed as a mechanism for regulating the size of a
group (Furuya, 1969; Mohot et al., 1981; Malik et al., 1985; Ohsawa
and Dunbar, 1984). In each study the number of animals in the
group steadily increased prior to the fission. In one study it was
observed that each time the group of provisioned rhesus monkeys
reached approximately 120 animals, the group underwent a fission
{(Malik et al., 1985). In only one study did the author
specifically state that an increase in group size was not

necessarily as important a factor in anticipating fissioning as was
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Proximity measures for dyads of either related or unrelated females
averaged for each matriline over a five year period
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the increase in the number of "non-troop" males (Yamagiwa, 1985).

In Alto’s Group, the increase in the number of animals in the
group was not as apparent prior to fission as has been reported in
the literature. In the four years from 1984 through 1987, the
average number of animals in the group varied between 64 and 67.
In 1988, the year I considered the onset of the fission to occur,
the "average number of animals in the group dropped to between 63
and 65. It was not until 1989 and 1990 that the number of animals
in Alto’s Group steadily increased into the 70’s and low 80’s. It
was during the yvears that fission was actively occurring that the
number of animals in the group was increasing most dramatically,
not prior to the fission.

The literature is fairly varied regarding reports of how the
fission is initiated and what the age-sex composition of the new
subgroup will be. Occasionally, it has been reported that a single
female initiated the fission (Kawai, 1960; Koyama, 1970), but most
often it is a single male who was observed first leaving the group
and acting as the nucleus of the new group (Furuya, 1959, 1969;
Nash, 1976). Most commonly, a peripheral male left the main group
and a small group of related, low-ranking females and their infants
joined him as the core of the new group; the studies did not state
what criteria they used for deciding who was the nucleus and who
followed. Some noted that the founders of the new splinter groups
were young males and females (Sugiyama, 1964).

In Alto’s Group, the first individuals noticed separating

themselves off from the rest of the group were older females and
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their infants. Six of the oldest eight females split off on
January 25, 1988, the first day such a splitting was observed.
Four adult males were part of that group along with two juvenile
males and one subadult male.

Composition and size were fairly equal across the final
subgroups. By the end of the fission, the three groups contained
29, 24 and 25 animals, respectively. All three groups had five
adult males and between seven and eleven adult females.

The duration of the fission process can take from one month
(Cords and Rowell, 1986) to two years (Chepko-Sade, 1974). In
those studies in which the process was more gradual, foraging or
sleeping subgroups that remained separated from the group for only
one day were commonly observed (Stoltz, 1972; Maruhashi, 1982;
Struhsaker and Leland, 1984). In nearly every group fission
observed, many animals vacillated between groups before finally
committing to one group (e.g., Missakian, 1973; Nash, 1976). Most
often the fission involved a small group of animals that left the
original group, with the result that the new subgroup was smaller
than, and subordinate to, the larger group (Sugiyama, 1964;
Struhsaker and Leland, 1984; Malik et al., 1985). Missakian (1973)
described a fission in which the newly formed subgroup was only
one-third the size of the original group, and then soon after, a
second fission occurred in which the original group split again,
resulting in three subgroups of nearly equal size.

Alto’s Group was similar to many of those mentioned in which

subgroups formed for a day and then reunited with the rest of the

27



group by night. In Alto’s Group, during 1988 and 1989 this type of
subgrouping was observed only rarely (two days out of 98 in 1988
and eight days out of 114 in 1989). As the fission started
becoming more noticeable, the subgroupings observed became more
frequent (36 days out of 68 in 1990 and 9 days out of 19 in 1991).

The vacillation observed by many of the animals in Alto’s
Group in committing to one group was very similar to the behavior
described in the literature. As far as I could tell, in a few
early observations, older females that would eventually belong to
subgroup IB left the group for the day, but the first stable
subgroup, in which the core of the group remained fairly constant,
was subgroup II. The animals in subgroup II were nearly always the
animals to leave the rest of the group throughout 1989 and much of
1990. It was not until the end of 1990 that the animals from the
other two subgroups also began consistently splintering from the
main group. The formation of three final subgroups of nearly

equal size resembled the fission described by Missakian.

GENEALOGICAL DATA

Chepko-Sade and Sade (1979) conducted research on the effects
of matrilines during fission. From their results, they draw a
number of conclusions about the fate of matrilines during fission
(Table 5). First, groups usually divided along matrilines, but the
matrilines that did split up often had characteristics in common.
They also found that larger matrilines were more likely to divide

than smaller matrilines and that high ranking matrilines were less
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Predictions for matrilines during fission

Predictions

1. Larger matrilines
are more likely
to split up

2. high ranking matrilines
are less likely to
split up

3. Oldest female sibling
and her family split
off from the
rest of matriline

Predictions met
by Alto's group

partially

Matriline

Alto’s

Alto’s

Este’s, Plum’'s and Oval's
follow the predictions
Eno's, Scar’s Fluff's

and Alto’s do not

Table 5 Only females who were at least four years old in January 1988 were considered.



likely to divide. If the matriline did divide, it was usually some
variation of the oldest daughter and her family splitting off from
the rest of the matriline. Because many of the baboon and other
monkey species have a ranking order among maternal siblings that is
the inverse of age (Hrdy and Hrdy, 1976; Chepko-Sade and Sade
1979), this last finding was simply another way of saying that the
lowest ranking female sibling would be the one to leave the
matriline and original group. This was basically the extent to
which the literature addressed matrilines in fissioning.

Alto’s Group only partially confirmed the prediction that the

fission would occur along matrilines. Of the eight matrilines
involved in the fission only one remained intact. Most of the
matrilines in Alto’s Group were rather small. The largest

matriline was Alto’s, with seven adult females, and it did divide,
following Chepko-Sade’s and Sade’s finding concerning matriline
division.

Alto’s matriline was also the highest ranking matriline, and
again, it did divide, which countered the second finding by
Chepko-Sade and Olivier that "No high-ranking genealogies divided,
while a number of middle- and low-ranking genealogies did"
(Chepko-Sade and Olivier 1979 p. 265). Of the two lowest ranking
matrilines, both very small, one divided and the other stayed
intact throughout the fission. Matrilineal rank was not a deciding
factor in determining which matrilines split up in Alto’s Group.

The last comparison that I made was that of the fissioning of

the oldest daughter or lowest ranking female sibling, as opposed
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to other daughters. This was a difficult comparison to make with
Alto’s Group because the matrilines were small and there were so
few cases to consider. In two matrilines, nieces (whose mothers
have died) split off from their living aunts. Chepko-Sade and
Sade referred to these "missing mothers" as connector-females. In
each of these two cases, the connector-female was the oldest
daughter and so the two nieces that split off from the rest of the
matriline were the surviving members of the oldest daughter’s
family. In other matrilines it was not the case that the oldest
daughter left. Fluff’s matriline in January 1988 had two adult
female siblings and a third female sibling who was just three
months short of being considered an adult. The oldest sibling
remained with the mother and the rest of the matriline, while the
two younger siblings became members of a different subgroup. In
other matrilines birth order did not seem to be a factor
determining who stayed and who split off into the new group.
Chepko-Sade and Olivier studied the genetic relatedness and
intragenealogical divisions during fission (1979). They found that
the average degree of relatedness within a matriline was a good
predictor of which matrilines would divide during fission and which
would not. In the 68 matrilines studied, they found that if the
average degree of relatedness fell below the degree of relatedness
between first cousins (a degree of relatedness below .051), there
was a 100% probability that the matriline would split, while
matrilines with an average degree of relatedness above .339 (a

degree of relatedness falling between that of a mother and her
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offspring and that of maternal siblings) never split.

In Alto’s Group, there were no matrilines in which the degree
of relatedness among the adult females was as low as .051 (Table 3)
and so no comparison could be made with the first finding of
Chepko-Sade and Olivier. The lowest average degree of relatedness
within matrilines in Alto’s Group, .166, was the average for both
Scar’s and Preg’s matrilines. Both matrilines had three adult
females and one of these females in each matriline split off from
the other two. In Alto’s Group, five of the eight matrilines had
three adult females. In these five matrilines the average degree
of relatedness ranged from .166 to .416. Four of the five
matrilines split up. Two of these matrilines, Handle’s and
Fluff’s, both had an average degree of relatedness of .416.
Handle’s matriline remained intact while the females in Fluff’s
matriline separated. This finding contradicted the finding of
Chepko-Sade and Olivier that no matriline with an average degree of
relatedness above .339 was ever divided by the fission.

Except for the prediction that the oldest maternal sibling
would be the one to leave if the matriline split up, there was no
discussion in the literature about the fate of mothers and their
offspring and adult siblings. In Alto’s Group I found that all 44
animals who were less than two years in January 1988 or who were
born after that date stayed with their mother, except for three
young males: Sudi, Dallas and Charlie.

Sudi was nearly two years old at the beginning of the fission

and by November 1991, when the fission was completed, he was a
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subadult male, so it was not surprising that he separated from his
mother. On all but three days (once each in 1988, 1989 and 1990),
he was always observed with his mother. They were both stable
members of what was to become subgroup II, but when his mother Siku
died in October 1990, he immediately started dividing his time
between subgroups IA and IB, and was never again observed in
subgroup II. He became a member of a different subgroup than the
one his mother apparently would have been in.

Charlie went through a similar sequence of events, although he
was much younger than Sudi. Charlie was not born until September
1988, seven months after the beginning of fission. Like Sudi,
Charlie was always observed in the same subgroup as his mother,
until she died in May 1991. Again like Sudi, Charlie also became
a member of a subgroup other than the one he had always been part
of when his mother was alive.

Dallas’s experience was different from either Sudi’s or
Charlie’s. Dallas was born in October 1987, and so was just a few
months old at the beginning of fission. He was seen on all but
three occasions in the same subgroup as his mother, through August
1991. In November, when the fission was considered completed, he
was part of a different group from his mother, who was still alive.
In all three cases I was not able to tell who the young males were
following when leaving their mother’s subgroups.

Females between the ages of two and four and males between the
ages of two and five in January 1988 were considered juveniles.

There were six juvenile females and five juvenile males in Alto’s
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Group in 1988, for whom the final group was known. Of the six
juvenile females, two had mothers who died before the fission
began; thus it was impossible to tell whether they would have
stayed with their mothers. One of these two, Alfa, became a member
of the same subgroup as her only living aunt, and the other,
Celeste, became a member of the same subgroup as an older sibling
close to her in age. I did not know how important these
relationships were in determining the subgroups that these two
juveniles finally joined. Of the four juvenile females who had
living mothers for most, if not all, of the duration of the
fission, three ended up in the same subgroup as their mothers,
while only one, Voi, did not. From the very beginning of the
fission observations in January 1988, Voi was seen more often than
not in a group other than the one her mother was in. She did
become a member of the same subgroup as her adult sister, Vera.
Voi was also one of the earliest stable members of subgroup II.
Of the five males who were juveniles at the beginning of the
study, Vumbi dispersed to another group in November 1991, just as
fission was being completed. All through the fission period, he
was seen in the same subgroup as his mother. Of the four juvenile
males who remained in Alto’s Group through the end of the fission,
only Jitu had a mother who was still living and he joined a
different group than she did. Two of these males had mothers who
died before fission began and one, Elfu, had a mother who lived for
much of the fission process but died before it was completed. Even

while Elfu’s mother was alive, they were almost never observed in
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the same subgroup, and they probably would have belonged to

different subgroups had his mother lived.

BEHAVIORAL DATA

One of the most commonly discussed predictors in the
literature concerning the outcomes of individuals during fission
was the social dominance rank of the individual. Many observed
that the fissioning of a group was preceded by a disruption in the
male dominance rank (e.g., Furuya, 1959, 1969; Koyama, 1970; Nash,
1976). The disruption occurred when an immigrating male usurped a
previously occupied spot in the rank, a younger male contested a
position occupied by an older male, or when a young male became
frustrated in his efforts to move up in the rank order because his
ascension was blocked by another male. It was observed that either
the ousted or the frustrated male was the one to initiate the
fission by leaving the group and, along with a few females he was
able to attract, to start a new group in which all of their ranks
were improved. It was almost universally documented that it was
low ranking animals of both sexes, who were already part of the
periphery of the group socially, that made up the composition of
the new group (e.g., Sugivama, 1964; Furuya, 1969; Malik et al.,
1985). Most often the new subgroup was smaller than and
subordinate to the original group and so the dominance position of
individuals during intergroup conflicts was not improved. However,
when intragroup behavior was considered, each individual in the new

group experienced an improvement in their ranking position simply
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because there were fewer dominant animals above them in the
hierarchy.

Again, Alto’s Group did not consistently behave as the other
groups cited, when it came to the dominance rank of individuals and
how it affected their behavior during fission. The male dominance
hierarchy was relatively stable all through 1986 and the first
three months of 1987. During this time there were occasional males
immigrating and emigrating, but the relative rank order of the
hierarchy was affected very little by them. The six lowest-ranking
positions, out of an average of 14, remained remarkably stable. It
was not until the three months between April and July 1987 (five to
eight months prior to the onset of the fission), that the male
hierarchy went through many changes. Not only did males disperse
out of and into the group as normal, but many changes in which the
relative rank order changed, also occurred. From August 1987
through January 1988, the rank order among males was again stable.
Other than the three months in 1987, there did not seem to be any
obvious disruptions in the male hierarchy prior to the fission as
the literature suggested there might be.

The dominance rank of the females, for the most part, was
stable prior to the fission. There were several expected changes
in the order of the hierarchy due to the deaths of o0ld females and
the addition of young females who had reached menarche. The three
young females who reached menarche during 1986 and 1987 were Scion,
Proton and Heidi. Females generally entered the dominance rank in

a position close to that of their mothers and older siblings.
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Scion entered the rank lower than would be expected but, by the
next analysis six months later, had gained a place in the rank
order directly below her older sister. Proton entered the rank at
the approximate position her older sister Pichka, now lower-
ranking, had occupied the year earlier. Heidi, entered exactly
where she was expected to, right below her mother. Pichka’s
falling two positions in the rank order and Scion’s entering lower
than expected were the only "disruptions" in the dominance rank
prior to the fission. During 1988 through 1990, the female rank
was remarkably stable, so like the male’s rank, it did not seem to
follow the prediction that unstable hierarchies precede the
fission. It is interesting that Alto’s Group did experience
disruptions and dramatic changes in the female hierarchy at the end
of 1982 and the first eight months of 1983 (Samuels et al., 1987),
but a fissioning of the group did not follow.

Alto’s Group was completely different from those groups
described in the literature in that it was not the case that low-
ranking animals made up the new subgroup. As documented in Table
2, both male and female dominance hierarchies were divided evenly
between all three subgroups and it was not clear that any subgroup
was dominant over the others when the rank of each of its members
was considered. It is interesting that both the highest and the
lowest ranking females ended up in subgroup II, which was the first
subgroup to have a stable membership. Cords and Rowell’s (1986)
was the only study that observed that the highest-ranking female

ended up in the new subgroup rather than remaining as part of the
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larger, original group.

Other than the dominance rank of individuals, behavior of
animals prior to group fission was rarely discussed in the
literature. Missakian (1973) and Cords and Rowell (1986) were the
only studies that discussed the importance of female grooming dyads
in predicting which animals would end up together and which would
be separated by the fission. Grooming, 1in general, occurred
frequently among related females of all ages (Saunders and
Hausfater, 1988) but seldom between adult males. When males did
groom, it was usually with a female with whom they were forming a
temporary sexual consortship.

When considering specific grooming dyads of adult females
within a matriline (Figs. 3 and 4), some fulfill the predictions of
Cords and Rowell (1986) and Missakian (1973) very neatly. In
Alto’s matriline the only two females that spent much time grooming
together were Siku and Spetter, sisters who ended up in the same
subgroup. Pichka and Proton:  from Preg’s matriline, who were also
frequently seen grooming one another, stayed together. In both
matrilines, the two females that groomed often and stayed together
separated from a third female in their matriline, with whom neither
female was seen grooming very often. In Handle’s matriline, Handle
groomed frequently with both of her adult daughters, and all three
stayed together. It is interesting that the two daughters, Heidi
and Heko, were very rarely seen grooming together, and yet because
they had a mutual grooming partner, their mother, they remained in

the same group. Two matrilines did not follow the prediction that
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females who groomed more often before the fission would belong to
the same group after the fission. In Scar’s matriline, none of the
three females groomed each other very much. Scherzo and Cheka, who
groomed very little, did both end up in the same subgroup, but it
seems reasonable that, like Heidi and Heko from Handle’s matriline,
they could have become members of the same group because of a

mutual grooming partner, although it is not obvious who that

partner would be. The dyad that most strongly refuted the
prediction was Vee’s in Fluff’s matriline. 1In spite of a strong
grooming relationship, Vee and her daughter Vera split up. The

separation could have occurred because Vee died in the spring of
1990. She had been alive long enough for a final group designation
to be made, but since she was not actually part of the group, there
would not have been much incentive for Vera to stay in the group
her mother had been in. The only problem with this scenario was
that during nearly every single observation between January 1988
and April 1990, Vee and Vera were already ranging in different
groups from each other. They groomed frequently when the group did
not divide for the day, but, in spite of their grooming, they were
found in separate groups every time the group split.

When grooming between both related and unrelated adult females
was considered, nearly all dvads again followed the prediction that
grooming partners stayed together through the fission (Fig. 5).
These data present strong support for the social significance of
grooming because there was not necessarily any genetic motivation

for these dyads to stay together. The three matrilines that went
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against the prediction were Judy’s, Este’s and Scar’s. Both Judy’s
and Este’s matriline had only one adult female and so it was not
possible to groom within their matrilines with another adult
female. In all eight periods from 1984 to 1988, Janet (from Judy’s
matriline), was only observed twice during the focal animal point
samples grooming with females that ended up in her subgroup. She
was one of the older females and spent most of her time grooming
with thé other older females in the group. None of the other older
females ended up in the subgroup with Janet. Eno, from Este’s
matriline, was also an older female and the only adult female in
her subgroup. Prior to the fission, her grooming partners were
often Handle, Janet and Oreo, three older females. She separated
from Handle and Janet and ended up with Oreo. Scar’s matriline was
the third exception to the prediction. This is not surprising
considering that Scar’s matriline did not follow the grooming
predictions within the matriline either.

Finally, the grooming data were used to analyze the
reciprocity in grooming between partners. Reciprocity in grooming
prior to a group fission was not addressed in the literature, but
it seemed to be an important factor in determining which dyads
stayed together and which split up. In every matriline, again
excepting Judy’s, dyads made up of related and unrelated females
with a higher degree of reciprocity were more inclined to stay
together.

Again, Cords and Rowell (1986) conducted a study of a group

fission in which the spatial relationship or proximity of specific
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females was suggested as a factor in predicting which females would
stay together. How close one animal would permit another animal to
remain was actually an indicator of their relationship. If, for
instance, a female had a new infant and others in the group were
curious, some animals would be permitted to sit close to the
mother, while others were not. She might move rather than stay in
close proximity to animals she was uncomfortable with. With the
social significance of spending time in close proximity with
selected individuals in the group, it seemed reasonable that Cords
and Rowell’s prediction would be borne out in Alto’s Group.

When the adult females within the same matriline were
considered there was a strong correlation between those spending
time in close proximity and those staying together through the
fission. In every matriline except Scar’s, dyads that stayed
together were observed more often in close proximity than those
dvads that separated. Scar’s matriline has fairly consistently
behaved contrary to what would have been predicted.

When dyads of both related and unrelated adult females were
considered, proximity prior to the fission seemed to lose much of
its significance in predicting the behavior of the females. One
possible interpretation of these results was that if the female
nearest to the focal female was related, it was likely for many
reasons that the dyad would stay together through the fission, but
if the adult female nearest the focal female was unrelated, there
were reasons why even if they were comfortable in each other’s

presence they would end up in different groups. Relatedness seemed
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to be a more reliable predictor  for eventual separation or
cohesiveness. It could be that unrelated females who spent time in
close proximity to each other separated in order to be with

offspring or maternal siblings.

CONCLUSION

This paper addresses only a fraction of the fission story. I
have considered, for the most part, the demographic, genealogical
and behavioral data for adult females and their offspring. I have
not considered the behavior of the adult males or their
relationships with the females, and how that affected their
movements into the different subgroups. I have not considered such
factors as age cohorts, relatedness along possible paternal lines
and such things as changes in the quality of the habitat or size of
the home range. I have also done no statistical analysis on any of
the results, partly because the dyads were not independent sampling
units. These things are all important and need to be considered in
order to understand more fully the fissioning of Alto’s Group.

This study set out to identify which factors would most
reliably predict whether bonds formed by adult females prior to
fission would endure through the fission. I found that relatedness
was a fairly good predictor. Closely related females tended to
stay together more than distantly related and unrelated females.
Contrary to the literature, I found that animals divided evenly

according to dominance rank, with no sign of lower ranking animals
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splitting off from higher ranking animals. I found that animals
within a matriline who spent time grooming and in close proximity
to each other tended to stay together. This last finding was more
than likely confounded with the fact that these females were also
related. Neither grooming nor proximity were reliable predictors
where unrelated females were concerned. Cords and Rowell (1986)
concluded that none of the social affiliation measures were clear
predictors of whether females would stay together as opposed to

separate during the fission. I would conclude the same.
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