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creased proliferation, growth, and survival by
means other than Ras"’? are not sufficient to
cause the metastatic progression of scrib™~ cells.
Thus, the metastasis-promoting effect of scrib
inactivation is highly dependent on its specific
cooperation with the Ras"?? allele. Moreover,
aside from its known effects on proliferation,
growth, and survival, Ras"’’ may function
through an as yet undefined cellular mechanism
to elicit metastatic progression in scrib™~ cells.

It has proven difficult to systematically
study the genetic basis of metastasis with the
currently available techniques. The Drosophila
system described here circumvents the compli-
cation of acquired background mutations,
which can occur through repeated passaging of
cell lines or during the typically long latent
period of mammalian tumor progression. In our
initial screen, we found that mutations in dif-
ferent genes affecting the same physiological
process—epithelial cell polarity ~mainte-
nance—are sufficient in combination with
Ras""? to promote metastatic behavior in vivo.
Interestingly, later stage human cancers typical-
ly lose cell polarity markers and epithelial struc-
ture during epithelial to mesenchymal transition
(31). Also, E-cadherin loss, basement mem-
brane degradation, and induction of cell migra-
tion and invasion relate well to observations
made in human metastasis (15, 31, 32), which
suggests that the ongoing screen will uncover
genes and general mechanisms relevant to ma-
lignancy in humans.

It has been proposed that oncogenes such as
Ras may play a dual role in tumorigenesis and
metastasis (33); however, this has not yet been
rigorously proven in mammalian systems, as the
effects of Ras in cell culture depend greatly on
the particular cell line used. We provide exper-
imental evidence that genetic alterations pro-
moting noninvasive tumor growth can indeed
make additional contributions to the develop-
ment of metastatic behavior, as Ras"’? expres-
sion is a crucial factor in making cell polarity—
deficient cells metastasize. Furthermore, we
show that oncogenic Ras specifically cooperates
with inactivation of cell polarity genes to pro-
mote metastatic behavior. This may provide an
explanation for the different metastatic potential
observed in tumors of distinctive origins. The
Drosophila genetics techniques described here
should make it easier to analyze the specific
targets of Ras”’? in metastatic cells, to identify
other genes that cooperate with Ras"?? or other
oncogenic alterations in promoting metastasis,
and to elucidate the cellular processes that go
awry during metastatic progression.
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Social Bonds of Female Baboons
Enhance Infant Survival

Joan B. Silk,’* Susan C. Alberts,>* Jeanne Altmann3+>

Among nonhuman primates, females often form strong bonds with kin and
other group members. These relationships are thought to have adaptive value
for females, but direct effects of sociality on fitness have never been demon-
strated. We present 16 years of behavioral data from a well-studied population
of wild baboons, which demonstrate that sociality of adult females is positively
associated with infant survival, an important component of variation in female
lifetime fitness. The effects of sociality on infant survival are independent of
the effects of dominance rank, group membership, and environmental condi-
tions. Our results are consistent with the evidence that social support has
beneficial effects on human health and well-being across the life span. For
humans and other primates, sociality has adaptive value.

Social relationships play an important role in
the daily lives of females in many species of
nonhuman primates. In some species, females
form close and enduring relationships with
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other group members, and they spend a sub-
stantial amount of time grooming and resting
together (/). These social bonds have long
been presumed to have adaptive consequenc-
es for females (2), but there has been no
evidence directly linking the quality of social
bonds to fitness outcomes. Here, we present
evidence for such effects, supporting the hy-
pothesis that social bonds have adaptive val-
ue for primates.

We draw on data from a long-term study
of wild savannah baboons, Papio cynoceph-
alus, in the Amboseli basin of Kenya to
examine the relationship between social inte-
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gration and female reproductive perform-
ance. Savannah baboons are an appropriate
subject for this kind of analysis because they
are highly gregarious and live in large mixed-
sex groups. Females remain in their natal
groups throughout their lives, whereas males
disperse from their natal groups when they
mature (3). Females form stable matrilineal
dominance hierarchies in which maternal kin
occupy adjacent ranks (3). Females establish
strong and well-differentiated relationships
with other adult females in their groups (4).
Female-female relationships are typically
characterized by frequent grooming, close
spatial proximity, and occasional acts of co-
alitionary support (4, 5). Social relationships
among females are hypothesized to be valu-
able to adult females because they enhance
the prospects of obtaining coalitionary sup-
port in within-group contests (6) or in-
crease tolerance from more powerful group
members (7). Social relationships among
females may also provide a benign environ-
ment for raising and socializing their off-
spring. Social relationships with adult
males may be valuable to females because
male associates shield females from harass-
ment (8), support their offspring in agonis-
tic interactions (9), and in some popula-
tions protect the females’ infants from
predators or infanticidal attacks (/0).

We studied the members of several well-
habituated baboon groups that occupied over-
lapping home ranges in the Amboseli basin at
the foot of Mount Kilimanjaro (/7). The
study population is derived from two groups,
Alto’s Group and Hook’s Group, which have
been monitored continually since 1971 and
1980, respectively. During the study period
(1984 to 1999), both of the original study
groups shifted their home ranges and fis-
sioned (11, 12).

Behavioral data were derived from 10-
min focal samples of adult females (/7). Data
on reproductive events and infant survival
were derived from demographic records that
contain information about all pregnancies,
births, deaths, and maturational events.
Monthly dominance ranks for adult females
were computed from the outcome of dyadic
agonistic encounters observed during focal
samples and ad libitum (/7). The analyses
described in this report are based on about
34,000 focal samples of 108 adult females
during 633 female years.

We calculated infant survival for each
female as the proportion of infants that sur-
vived to 1 year of age, the major period of
infant dependency in this species. We fo-
cused on survival to 1 year because infant
survival is a major component of fitness for
any organism, and it has particularly large
effects on long-lived animals that reproduce
slowly (/3). Further, both empirical and mod-
eling results for the Amboseli baboons indi-

cate that infant survival is an important
source of variation in lifetime fitness among
females, arguably the most important one
(14). For each female, we computed the dif-
ference between the proportion of infants that
survived to 1 year and the median proportion
of all infants born in the population that
survived to 1 year of age. High values of this
measure, labeled relative infant survival, rep-
resent females who reproduced more success-
fully than the median female, and low values
represent females who reproduced less suc-
cessfully than the median female.

Our focal samples yielded three measures
of sociality, each of which is a probability
estimate based on the proportion of point
samples (i) in which an adult conspecific is
with 5 m, (ii) being groomed by other adults,
and (iii) grooming other adults. Grooming
and maintaining proximity to other group
members represent the major components of
female baboons’ social time and are widely
considered to provide meaningful measures
of social relationships among nonhuman pri-
mates (/5). We combined these three mea-
sures into a single composite measure of
sociality, the composite sociality index (16,
17). We used this composite index, rather
than investigating the three measures inde-
pendently, because they were highly intercor-
related (proximity X grooming others:
Spearman rank correlation test r, = 0.439,
P < 0.001; proximity X being groomed: r, =
0.303, P = 0.001; grooming others X being
groomed: 7, = 0.404, P < 0.001; N = 108).
Further, each was positively related to rela-
tive infant survival in linear regressions (/8)
with relative infant survival as the response
variable, although not all were statistically
significant predictors on their own (predictor
variables were proximity: B = 0.460, ¢ =
1.85, P = 0.068; being groomed: § = 0.175,
t = 3.28, P = 0.001; and grooming others:
B =0.095,¢= 142, P = 0.159; N = 108).

The composite sociality index provides a
measure of the extent to which each female
deviates from the global population on all
three measures combined; high composite so-
ciality index values represent females who
were more socially integrated than the medi-
an female, and low composite sociality index
values represent females who were less
socially integrated than the median female.

The social integration of females was a
significant predictor of infant survival (Fig.
1). Females who had high composite sociality
index scores had offspring with relatively
higher survival than females who had low
composite sociality index scores (Table 1).
High dominance rank is associated with high
values of both the composite sociality index
and relative infant survival (Table 1), raising
the possibility that the relationship between
the composite sociality index and relative
infant survival is an artifact of variation in

female dominance rank. However, the rela-
tionship between sociality and infant survival
remains significant when the effects of dom-
inance rank are accounted for statistically in a
multiple regression (Table 1).

Sociality and infant survival varied con-
siderably over the study period, and this is
likely to be linked to temporal changes in
environmental conditions over the course of
the study and to changes in habitat quality
associated with the groups’ home range shifts
(12, 14, 19). Females who were observed in
more favorable habitats or during more fa-
vorable time periods might have been more
social and reproduced more successfully than
females observed during less favorable peri-
ods, raising the possibility that the relation-
ship between sociality and infant survival is
an artifact of variation in habitat quality. To
control for this possibility, we adjusted our
measures of sociality and infant survival
(20). We did not assess environmental con-
ditions directly, but we controlled for the
effects of ecological variation by compar-
ing each female to other females living in
the same group at the same time in the same
habitat. High values of the adjusted com-
posite sociality index represent females
who were more socially integrated than
other females living in the same group at
the same time in the same habitat, and high
values of adjusted relative infant survival
represent females who reproduced more
successfully than other females who were
living in the same group at the same time in
the same habitat.

As before, we found that females who
were more fully socially integrated (de-
fined by higher adjusted composite social-

0.2

0.1

I
11

1 2 3 4
Composite sociality index

Relative infant survival

Fig. 1. Effects of sociality on infant survival. For
the purposes of visual representation, compos-
ite sociality index scores were ranked from low
to high, and divided into four quartiles [statis-
tical analyses were performed on composite
sociality index scores as a continuous variable
(Table 1)]. Quartile 1 includes the females with
the lowest composite sociality index scores,
and quartile 4 includes females with the high-
est composite sociality index scores. Means and
standard errors of the mean of relative infant
survival for each quartile are shown. For each
quartile, N = 27.
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ity index values) had higher adjusted rela-
tive infant survival among their offspring
(Table 1). This result remains significant
when the effects of dominance rank are
accounted for statistically in a multiple re-
gression (Table 1).

Our data indicate that social integration
has positive effects on the reproductive per-
formance of female baboons. Females who
had more social contact with other adult
group members and were more fully socially
integrated into their groups were more likely
than other females to rear infants success-
fully. These effects were independent of
female dominance rank and variation in
ecological conditions that affected both fe-
males’ behavior and their reproductive per-
formance. Thus, these data provide direct
empirical evidence that sociality enhances
the fitness of nonhuman primate females.

Our findings are consistent with data de-
rived from epidemiological and clinical stud-
ies of humans. Social support has beneficial
effects on health and well-being across the
life span (2/-24). Social isolation increases
the risk of disease, accidents, and a range of
mental disorders, and the disruption of social
ties, due to death, divorce, or separation, is a
major source of stress. Feelings of loneliness
are associated with psychological disturbanc-
es, and loneliness increases morbidity and
mortality (25). Among low-income women,
those with more extensive social networks
give birth to heavier infants (26). Experi-
mental studies in humans suggest that
social integration is the cause not the con-
sequence of improved health outcomes. So-
cial support is thought to moderate the
deleterious effects of chronic stress and
thereby enhance well-being.

Social contact seems to have similar kinds
of effects in other species (27). Human han-

dling reduces cardiovascular responses to
stressors in dogs, cats, horses, and rabbits
(21). In the laboratory, group-living delays
reproductive senescence in female rats (28)
and enhances longevity (22). The presence of
familiar conspecifics buffers experimentally
induced stress in rats, mice, goats, and mon-
keys (21, 27). Basal cortisol levels decline
when squirrel monkey females are housed
with conspecific partners (29), and social iso-
lation exacerbates coronary artery atheroscle-
rosis among female long-tailed macaques
(30). Captive long-tailed macaques tend to
affiliate at higher rates when social condi-
tions are unstable, and this is associated with
enhanced immune responsiveness (3/). In the
Amboseli baboon population, social integra-
tion is linked to reduced levels of basal cor-
tisol among adult males (/7).

It is not yet clear whether the mechanisms
that underlie the relationship between social-
ity and infant survival in baboons are the
same as the mechanisms that link social con-
tact and health outcomes in humans. Close
association with other group members may
ameliorate the deleterious effects of stress in
nonhuman primates in much the same way as
it does in humans. For example, grooming
reduces heart rate in some monkey species,
and may induce release of B-endorphins (32).
Similarly, heart rate and the rate of self-
directed behaviors that are correlated with
physiological measures of stress decline
when females reconcile with former oppo-
nents (32). Alternatively, close association
with other group members may provide fe-
males and their dependent offspring with di-
rect material benefits, such as protection from
harassment or access to valuable resources.
For example, in Amboseli, adult females
spend much of their time near their kin, who
are also their most frequent allies in agonistic

Table 1. Predictors of relative infant survival (RIS) and adjusted relative infant survival (adj. RIS).
Regression with robust standard errors (78, 33) was used to measure the extent to which sociality and
dominance rank predicted infant survival. CSI, composite sociality index; adj. CSI, adjusted values of
composite sociality index. For the multivariate regressions, we report the partial-regression coefficients
and parameters as well as the whole-model results. High-ranking females are assigned the lowest rank
numbers, so negative coefficients indicate that higher ranking females had higher reproductive success
than lower ranking females. The sample size for the regressions based on unadjusted values is 108; the
sample size for the regressions based on adjusted values is 106, because two females who did not give
birth during the study period were deleted from this portion of the analysis.

Response Predictor Partial
Model - . regression B R? F P t
variable variables
parameters
Bivariate RIS CSI 0.270 0.078 8.15 0.005
Bivariate RIS Rank -0.011 0.040 462 0.034
Multivariate RIS CSI and rank 0.093 543 0.006
(& 0.234 0.026 2.27
Rank -0.007 0.202 -1.28
Bivariate Adj. RIS Adj. CSI 0332 0.081 7.20 0.009
Bivariate Adj. RIS Rank -0.007 0.011 121 0.275
Multivariate ~ Adj. RIS Adj. CSI and rank 0.082 3.67 0.029
Adj. CSI 0.321 0.015 2.48
Rank —-0.002 0.685 -0.41
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disputes (5). Female baboons also spend time
near adult males who sometimes protect them
and their offspring from harassment (8—10).
All of these factors, and others that we have
not yet considered, may contribute to the
relationship between sociality and infant sur-
vival. Whatever the mechanism, our data
demonstrate that social relationships have
adaptive value for primate females.
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Hierarchical Classification by
Rank and Kinship in Baboons

Thore J. Bergman,'* Jacinta C. Beehner,” Dorothy L. Cheney,’
Robert M. Seyfarth?

Humans routinely classify others according to both their individual attributes, such
as social status or wealth, and membership in higher order groups, such as families
or castes. They also recognize that people’s individual attributes may be influenced
and regulated by their group affiliations. It is not known whether such rule-
governed, hierarchical classifications are specific to humans or might also occur in
nonlinguistic species. Here we show that baboons recognize that a dominance
hierarchy can be subdivided into family groups. In playback experiments, baboons
respond more strongly to call sequences mimicking dominance rank reversals
between families than within families, indicating that they classify others simul-
taneously according to both individual rank and kinship. The selective pressures
imposed by complex societies may therefore have favored cognitive skills that
constitute an evolutionary precursor to some components of human cognition.

Although nonhuman primates recognize other
individuals’ dominance ranks and kin relations
(1-8), it is not known whether they classify
others according to both criteria simultaneous-
ly. Humans make such higher order classifica-
tions routinely, and as a result easily recognize
that not all superficially similar interactions
have equal importance. For example, in Shake-
speare’s Romeo and Juliet, we discount Mercu-
tio’s teasing of Romeo as trivial because both
Mercutio and Romeo are allied with the house
of Montague. When Mercutio aims his taunts at
Tybalt, however, we regard his behavior as
more ominous because Tybalt is a Capulet. Our
responses are guided in part by our tendency to
organize social relations into a hierarchical
structure, such as familial affiliation, that is
governed by a functional set of rules: Quarrels
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between families are potentially much more
destructive than quarrels within families.
Social groups of Old World monkeys such
as baboons, macaques, and vervets are com-
posed of a number of different matrilines
arranged in a stable, linear dominance hier-
archy in which all female members of one
matriline outrank or are outranked by all
female members of another (9—/3). Threats
and supplants (interactions in which one an-
imal retreats from the approach of another)
are almost without exception directed by
higher ranking individuals toward lower
ranking individuals, and alliances usually tar-
get subordinate opponents (/4, 15). Affinitive
social behavior such as grooming is directed
preferentially toward close matrilineal kin.
Members of the same matrilineal kin group
occupy adjacent ranks and usually retain the
same relative ranks throughout their lives.
Both within- and between-family rank rever-
sals are rare. When within-family rank rever-
sals do occur, however, they typically involve
only two individuals and have little effect on
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social relations outside the matriline. In con-
trast, occasional between-family rank reversals
represent major social upheavals in which all
the members of two or even more matrilines
may lose or gain rank (/, /6-18). They there-
fore have the potential to influence the rank
relations of many individuals.

Matrilineal kin groups and linear domi-
nance rank orders are evident not only to
human observers but also to the monkeys
themselves. Both observations and playback
experiments have demonstrated that monkeys
recognize the matrilineal kin (or close asso-
ciates) of other group members (/, 5-8). Sim-
ilarly, monkeys appear not only to understand
who is dominant or subordinate to themselves
but also to recognize the relative dominance
ranks of others (/—4). It remains unclear,
however, whether monkeys are capable of
evaluating other individuals simultaneously
according to both rank and kinship or wheth-
er they can combine their knowledge of rank
and kinship to recognize that some rank re-
versals have potentially much greater social
importance than others.

To investigate this question, we designed a
playback experiment in which free-ranging fe-
male baboons (Papio hamadryas ursinus) were
played a sequence of calls mimicking a fight
between two other females (/9). Call sequences
consisted of a series of threat-grunts by one
individual played in conjunction with the
screams of another. Threat-grunts are tonal,
multisyllable, staccato calls that are produced
only when female baboons are threatening in-
dividuals who are subordinate to themselves,
whereas screams are given only by animals
who are being threatened by a more dominant
individual. Numerous experiments and acousti-
cal analyses have indicated that monkey vocal-
izations are individually distinctive and that
subjects discriminate among the voices of ma-
trilineal kin (7, 20).

Subjects were 19 adult female baboons
(> 6 years old) living in the Okavango Delta
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