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Abstract. This paper examines the relationship of age, gender and dominance rank to
certain quantitative measures of food intake and diet among free-living Amboseli baboons
(Papio cynocephalus). Adult males and adult females showed no significant difference in
proportion of time spent feeding although the two classes differed markedly in body weight
and hence basal metabolic rate. Among adults, individuals of high, middle and low domi-
nance status showed no consistent differences in proportion of time spent feeding. However,
within the group as a whole and among adult males, high ranking individuals generally had
longer feeding bout durations than lower ranking individuals. Also, high ranking individuals
were less likely to have their feeding bouts aggressively interrupted than were lower ranking
individuals and those individuals whose feeding bouts were most frequently interrupted
showed the lowest mean feeding bout duration. Application of the Kaplan-Meier (1958)
statistical procedure to these data on feeding bout duration showed that the reduction in
expected bout duration due to disruptive social factors was proportionately greater among
low ranking individuals than among higher ranking individuals. Quantitative analysis of
dietary overlap showed that individuals of all age-sex classes except adult males had a greater
degree of overlap with members of their own class than with members of other classes. Pairs
of closely-ranked individuals showed greater dietary overlap than did pairs of individuals
occupying more disparate rank positions. Alternative behavioral strategies for minimizing
interference from higher ranking individuals and at the same time assuring adequate food
intake are discussed.
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Introduction

This paper examines the relationship of age, gender and dominance rank to
various quantitative measures of food intake and feeding behavior among free-
living yellow baboons (Papio cynocephalus) in the Amboseli National Park of
Kenya. Yellow baboons, like many other primates, are a group-living species, and
it has been argued that one consequence of the aggregation of individuals into
groups is increased interindividual competition for food and other resources
[Alexander, 1974, p. 328]. As yet, however, the nature and extent of within
group competition for food has not been systematically examined for any
primate species, although such information is obviously important for under-
standing primate socioecology in particular, and, more generally, the costs and
benefits of group life or sociality.

Competition for food resources occurs in an indirect or ‘passive’ form
whenever animals aggregate into groups, since relative food patch size and
density for any one individual is, of necessity, reduced as a result of group-mates
feeding simultaneously or sequentially from the same food patches or even in
the same area. Thus, Slatkin and Hausfater [1976] suggested that differences in
the foraging behavior of solitary and group-living male baboons, especially
diminished feeding bout length for the latter, resulted from decreased effective
food patch size for the group-living males due to indirect competition with other
group members. On the other hand, more direct forms of competition for food
resources are both frequent and obvious among Amboseli baboons. Such compe-
tition usually involves one individual using threat or physical attack to supplant
some other individual from a food patch or to prevent access of the second
individual to a food patch that is otherwise suitable for exploitation. The
importance of this form of competition for food resources among primates has
been underscored by several recent studies, most notably that of Dittus [1977]
who argued that observed patterns of mortality in wild toque monkeys
(Macaca sinica) were a direct consequence of competition along age-sex class
lines over food resources, a result which Dittus considered to reflect mortality
‘socially imposed’ by one class upon another.

Direct and indirect competition for food resources are abviously not inde-
pendent or unrelated, since in many primate species, direct competition or
fighting between individuals subsequently results in increased interindividual
distance and thus presumably decreased indirect competition. Among Amboseli
baboons, consistent patterns of interindividual dominance are obvious and
clear-cut, although both males and females still participate in agonistic bouts, as

152.3.102.242 - 8/21/2013 4:12:20 PM

Duke University Library

Downloaded by:



Post/Hausfater/McCuskey 172

defined by Hausfater [1975], at very high rates. Previous studies of Amboseli
baboons have shown that adult males engaged in agonistic bouts at a rate
exceeding 5 times per individual per hour and (sexually cycling) adult females at
a rate exceeding 1.5 times per individual per hour [Hausfater, 1975]. Subtle
spatial supplantations not involving directed attack or submission and thus not
covered by Hausfater’s criteria also occurred frequently, and at rates roughly
equivalent to those for more overt forms of aggression [Post, 1978]. Both sup-
plantations and more intense aggressive bouts occurred disproportionately in the
vicinity of feeding sites. Hence, the initial hypothesis for this study was that high
ranking individuals would have enhanced nutritional intake and feeding efficiency
compared to their lower ranking counterparts, or, as Altmann [1967] has specu-
lated, that ‘conservation of energy may be one of the major advantages of high
dominance status’.

Access to food has frequently been used as a criterion of dominance rank in
studies of wild [e.g. Kawai, 1965] and captive [e.g. Varley and Simms, 1966]
primates. However, surprisingly few studies have attempted to determine the
precise mechanisms whereby enhanced nutritional intake, feeding efficiency, or
‘conservation of energy’ might accrue to high ranking individuals. Possible
mechanisms, as suggested by Deag [1977], include priority of access to preferred
foods or feeding sites, lowered frequency of feeding bout interruption and reduced
time expended in search of food. Such studies are indeed essential for as Wilson
[1975, p. 287] has pointed out, in the absence of systematic research aimed at
determining these mechanisms, ‘it is impossible to guess whether the relationship
between status and food gathering is a crucial one’. Thus, one aim of this study
was to determine the precise relationship between dominance rank and various
quantitative measures of food intake and feeding efficiency, for example,
feeding bout duration, bite rate, rate of bout interruption and so on.

Furthermore, several authors [reviewed in Clutton-Brock, 1977, pp. 544—
547] have suggested that both direct and indirect competition for food resources
within primate groups is reduced through ecological segregation among group
members predicated upon dominance status and upon morphological differ-
ences, for example, body weight, strength, canine size, correlated with age and
gender. Another aim of this study was thus to assess quantitatively the extent of
differences in diet and food species choice between the various age-sex classes
composing a baboon group as well as the extent of within- and between-class
dietary overlap. In sum, then, we attempted to obtain basic information on food
intake rates, feeding behavior and diet in free-living baboons with the goal of
elucidating the ways in which differences among group members in age, gender
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and social status affected their access to feeding sites and food resources. This
study can also be viewed more generally as an attempt to evaluate quantitatively
the nutritional costs and benefits of group-living or sociality for individuals of
different age-sex classes and social statuses within the baboon group.

Methods

Study Site and Time Period

This study was carried out in the Amboseli National Park of Kenya, site of an ongoing
longitudinal study of free-living and unprovisioned yellow baboons (Papio cynocephalus).
The basic ecology of the Amboseli basin has been described by Western [1972], and the
autecology of yellow baboons within the Park by Altmann and Altmann [1970]. Aspects
of feeding and foraging behavior of baboons have been dealt with by Post [1978, in
preparation, 1980] and social relations, especially dominance, described by Hausfater
[1975]. The reader is referred to these works for more detailed information on the study
site and population than will be given here. Briefly, Amboseli is a region of short grass
savannah lying just north of Mt. Kilimanjaro. Rainwater for Kilimanjaro surfaces in
Amboseli as a series of swamps and permanent waterholes. The central area of the Park
surrounds these waterholes and swamps and in 1973, when this sthdy was carried out,
served as the home of approximately 200 baboons in five social groups. The Amboseli
population underwent a rapid decline in size between 1964 and 1969, with the reduction in
population size presumably related to cyclical vegetation changes in the area, especially the
periodic die-off of yellow-barked acacia trees (Acacia xanthophloea) analyzed by Western
and Van Praet [1973].

Waterholes and swamps are typically surrounded by a dense mat of the grass Cynodon
dactylon and, at slightly greater distance, by stands of yellow-barked acacia trees with
associated understory of Azima tetracantha and Salvadora persica, all of which serve as
important seasonal foods for baboons. Yet more distant from water sources and at higher
elevations are scattered umbrella trees (A cacia tortilis) with associated savannah grass cover
of C. plectostachyus, Sporobolus africanus, S. corodofanus, and S. iocladus. Food sources of
particular importance to baboons, in addition to the above species, include S. kentrophyllus,
Trianthema ceratosepala, and Cyperus spp. (table I, see also more extensive listing in Post
[1978]). This nearly exclusively vegetarian diet is supplemented by seasonally heavy
predation on insect and small vertebrates [Hausfater, 1976].

Each year, about 250500 mm of rain falls in the Amboseli basin between the months
of November and May. As might be expected, food resources for baboons are both more
abundant and more diverse during the Amboseli rainy season compared to the remaining dry
season months of June through October. On the other hand, the restriction of food
resources during the dry season results in more intense competition for whatever food is
available and so provides an ideal opportunity to obtain relatively large samples of feeding
bouts on specific food types and plant species within a short period of observation. All data
for this report were collected during the 1973 dry season, with observations beginning in
late June and continuing through mid-September of that year. During the study period, and
in part exacerbated by a prolonged drought in southern Kenya, only a very narrow range of
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foods were available to, and thus utilized by, Amboseli baboons (table I, I1). Among the
most heavily exploited foods were the berries of S. persica, W. somnifera, and A. tetra-
cantha, buds of T. ceratosepala and the corms and subterranean parts of various grasses,
especially S. kentrophyllus, S. iocladus, and C. dactylon. Feeding behavior data obtained for
each of these food types has been analyzed separately wherever possible.

The Study Group: Composition, Age-Sex Class Characteristics and Dominance

Relations

Alto’s Group, or main study group, numbered 39 individuals at the start of the study
in June, 1973. Specifically, the group contained 9 adult males (over 10 years of age), 10
adult females (over 5 years of age), 2 and 4 subadult males and females (810 and 4-5
years of age, respectively), 4 males and 4 females in the J2 age class (4—7 and 2—4 years of
age, respectively), and 6 individuals in younger age classes (table III). During the course of
the study, group size increased from 39 to 42 individuals due to 2 births and the
immigration of 1 adult male. All individuals in the group were identifiable by face, physique
and naturally occurring marks. Demographic and reproductive state data were collected on a
daily basis for all individuals as were various kinds of behavioral data, most importantly, the
outcome (i.e. winner and loser) of pairwise agonistic encounters. Agonistic bout outcome
data were then used to establish each individual’s dominance rank within its age-sex class
and within the group as a whole (table III). Winner-loser determinations and dominance
rankings were arrived at by explicit behavioral criteria established by Hausfater [1975], but
specifically criteria not involving measures of access to preferred foods, feeding sites, estrous
females or other incentives.

One might a priori expect both food intake rates and interindividual dominance
relations to depend upon size or weight, or, in other words, to be related to the relative
body size proportions of the various age-sex classes of yellow baboons as depicted by
Altmann et al. [1977]. Generally, after 2—3 years of age, males are larger and heavier than
females and, indeed, adult male yellow baboons may weigh nearly twice as much as their
female counterparts (19 vs. 10.5 kg, Kay [1973]). Likewise, within either gender, individuals
from older age classes are typically larger and heavier than individuals from younger age
classes. As a result, dominance relations between two individuals from different age-sex
classes, especially the ability of an individual from one class to supplant that of another at a
feeding site, are to a large extent predicated upon the between-class body size differences
described above. The one notable exception to this pattern among baboons is that most
subadult females become dominant to at least a few adult females prior to reaching sexual
maturity, although no such subadult females happened to be included in the present sample
of individuals. On the other hand, with the exception of adult males, dominance relations
within any age-sex class are largely based upon the maternal dominance rank of the
individuals involved and are more or less independent of differences in body size [Hausfater,
1975; in preparation, 1980].

Behavior Samples

All individuals but the 6 very youngest infants were the subjects of focal samples of
feeding behavior (table III). Observations were carried out almost daily, starting just after
descent of the group from its sleeping trees (usually between 07.30 and 09.30 h) and
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Table I. Food list
A. Plant foods

175

Species

Parts eaten

Trees
Acacia xanthophloea
Acacia tortilis

Shrubs and forbs
Salvadora persica
Withania sominfera
Azima tetracantha
Trianthema ceratosepala
Suaeda monoica
Dicliptera albicaula

Grasses and sedges
Sporobolus kentrophyllus
S. iocladus (= marginatus)
S. cordofanus (= marginatus)
S. consimilis (= robustus)
Cynodon dactylon
Cyperus immensus

Grasses, spp.

B. Animal and occult foods

gum; seeds and/or pods
seeds and/or pods

berries and young leaves
berries

berries

floral buds

leaves

leaves

fleshy stem bases and corms
fleshy stem bases and corms
fleshy stem bases and corms
pithy stems

corm and basal stem

leaf bases

corms and stem bases; seed heads

Item

Acquisition method or part eaten

Beetle and other insect larvae, spp.
Ant pupae, spp. and/or grubs, spp.

Ticks, spp., shed skin and scabs

Miscellaneous orthopterans and other
flying insects, spp.

Inclusions in gazelle dung

recovered from large herbivore dung

recovered under or inside of dead tree
branches and trunks

ingested during allo- or autogrooming
sessions

captured in flight or just after
alighting; wings often discarded before
ingestion

primarily passed seeds of 4. rortilis

continuing with interruption only for short rest periods until 18.00 h. The focal subject was
observed through binoculars, typically from the roof platform of a 4-wheel drive vehicle,
while descriptions of feeding and social behaviors, transition times, and associated notes
were dictated directly into a portable cassette recorder. All notes were subsequently
transcribed verbatim and then later coded into a format suitable for computer analysis.
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Briefly, in each hour of the day from descent time until 18.00 h, 2 successive
individuals were chosen at random within the group. Each subject was then followed
continuously during two consecutive 10-min intervals, constituting focal animal samples of
behavior [Altmann, 1974]. The second of these consecutive 10-min intervals involved
intensive sampling of social behavior as part of the long-term monitoring of the group and,
other than providing agonistic bout outcome (i.e. dominance) data, need not be considered
here. The first 10-min sample, however, focused upon feeding behavior and, specifically, the
duration of all feeding bouts in progress at the start of the sample, or initiated during the
sample, were timed to their completion. Additionally along with the onset time of each
observed feeding bout, the plant species utilized and part of plant eaten were also noted. If
the focal animal changed from one plant part or species to another during the feeding bout,
the transition time and new plant part or species were again recorded. These data thus
provided information on proportion of time spent feeding on each food type for animals of
different age-sex classes and dominance ranks and were also used to calculate a measure of
dietary overlap between various age-sex classes within the group. Furthermore, for any
feeding bout in which both the animal’'s hands and its mouth could be clearly observed, we
recorded the number of food items taken into the mouth per unit time, hereafter called
the ‘bite rate’, and the number of hand-to-mouth movements made with the right and left
hands respectively. These data were used to assess differences among individuals in food
harvesting rates as well as to evaluate the degree of laterality in hand use during feeding
behavior.

Feeding bouts recorded in the focal samples were classified for analytical purposes
according to their mode of termination. First, ‘spontaneously’ terminated feeding bouts
included all instances in which an individual merely abandoned a food plant without
obvious outside interference or did so to engage in some form of nonaggressive social
interaction, e.g. grooming, play, etc. Secondly, feeding bouts were classed as ‘interrupted’
when the focal subjects abandoned a feeding site or food item either due to the directed
approach of another, typically more dominant, individual, or due to involvement in some
more intense form of aggressive interaction. Thirdly, some feeding bouts were terminated by
an episode of ‘time-out’, meaning that the focal animal disappeared from view behind a
bush, tree or other obstruction. Feeding bouts of this third type will henceforth be referred
to as ‘observationally censored’, following statistical usage of the term ‘censored’.

In most studies, observationally censored bouts of feeding and other behaviors are
either included in the analysis as if the complete bout duration were known with certainty
or excluded from consideration altogether. Unfortunately, the former method of treatment
will result in a biased estimate of mean bout duration while the latter procedure not only
produces a similarly biased estimate but is also wasteful of data. Thus, we used the
statistical procedure of Kaplan and Meier [1958] to obtain so-called product-limit estimates
of mean feeding bout duration from the combined data set of feeding bouts terminated in
all three of the ways listed above. Briefly, the Kaplan-Meier technique is aimed at estimating
the proportion of bouts whose duration would exceed some given length of time (t) in the
absence of observational censoring of bouts or other uncontrollable forms of termination. In
applying this technique to any data set, one first calculates the proportion, P(t), of all bouts
whose duration exceeded some fixed length of time, t, regardless of the mode of
termination of these bouts. A survivorship function for such bouts is then calculated from
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the distribution of P(t). The product-limit estimate of mean bout duration is simply the
expected value of this survivorship function and provides a statistically more reliable
estimate of mean bout duration than the simple average of all bout lengths.

Results

Rational of the Analyses

Differences in food intake patterns between individuals of different age-sex
classes or dominance ranks may be of two kinds. First, one class of individuals,
say, adult males, may feed on precisely the same kinds of foods as some other
class, say, adult females, but does so in such a way as to garner more food items
per unit of time than do adult females. Secondly, two classes of individuals may
differ not only in quantitative characteristics of food intake, but may also differ
in the precise food items eaten, i.e. in dietary composition or quality. Viewed in
strictly quantitative terms, any individual’s overall food intake depends upon the
amount of time spent feeding multiplied by the bite rate (per unit of feeding
time) in turn multiplied by the average size, weight or nutritive value of a bite
taken from any food item. Amount of time spent feeding is likely to be a
function of the rate of onset, and the subsequent duration, of bouts of feeding
behavior which in turn are probably dependent upon the rate of ecologically- or
socially-induced terminations of such bouts. Each of these parameters of food
intake would no doubt be expected to differ for each available food plant
species and thus in some sense to vary in relation to plant distribution patterns
and ultimately gross climatic and edaphic factors. Obviously, we cannot hope to
analyze all of these factors in a single publication.

Our analyses were thus restricted to an examination of the relationship of
age, gender and dominance rank to various readily measurable and biologically
meaningful parameters of baboon feeding behavior. The analyses proceeded as
follows: First, different age-sex and dominance classes were compared for gross
differences in proportion of time spent feeding. Then, these differences were
re-evaluated in light of evidence on the bite rate for the relevant classes. Next,
mean feeding bout duration was compared among age-sex and dominance rank
classes, and interclass variability in feeding bout duration was then examined in
relation to the rate of interruption of feeding bouts for each class. Finally, using
a quantitative index of dietary overlap, we attempted to assess the degree of
ecological separation both between and within the various age-sex and social
classes comprising a baboon group.
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Proportion of Time Spent Feeding

Figures 1 and 2 summarize information on the proportion of time spent
feeding by individuals of different age-sex and, among adults, dominance rank
classes in Alto’s group. Perhaps the most striking aspect of these figures is the
rather sizeable variability within each class as evidenced by the large standard
errors. As a result of this high variability, no significant relationship was found
between age-sex class and proportion of time spent feeding (ANOVA with arcsin
transformation of the data, F = 049, df. = 5,27, p > 0.10). Similarly,
subdividing each of the adult classes into three dominance rank classes — high,
middle, and low ranking individuals, respectively — and comparing the mean
proportion of time spent feeding among rank classes yielded no significant
results (ANOVA with arcsin transformation, F = 2.64, d.f. = 2,6, p > 0.05 for
males; F = 1.36, d.f. = 2,7, p > 0.05 for females). However, the absence of
significant between-class differences in the above comparisons can hardly be
considered a failure to obtain biologically interesting or important results.
Indeed, quite the contrary, it is noteworthy that despite the large difference in
adult male and adult female body size, and thus maintenance metabolic
requirements, the mean proportion of time spent feeding was nearly equal for
the two groups (X = 52.9% for adult males and 52.8% for adult females). Viewed
another way, these data indicate that adult males actually spend less time feeding
per unit of body weight than do adult females. Additionally, within both sexes,
the mean proportion of time spent feeding decreased with age (fig. 1).

Several authors [Clutton-Brock, 1977; Demment, 1978; Post, in press] have
suggested that adult males spend less time feeding per unit of body weight than
adult females because males do not incur the additional metabolic requirements
of pregnancy and lactation. We attempted to assess the effect of these additional
costs on feeding time of adult females by examining the proportion of time
spent feeding by individual adult females in different reproductive states. Only 1
adult female (Lulu) was cycling throughout the study period and the proportion
of her time spent feeding (49.8%) was indeed smaller than that for adult females
in the pregnant or lactating states (X = 53.1%, n = 8). The proportion of time
spent feeding by 3 pregnant females averaged 58.9%, a figure which was
substantially higher than the value of 48.6% of time spent feeding by the 5
lactating females in the group. Thus, although sample sizes are small, these data
are consistent with the idea that the additional metabolic costs of reproduction
are reflected in increased time spent feeding at least by pregnant females
compared to females in other reproductive conditions.
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Fig. 1. Mean proportion of time spent feeding for each of six age-sex classes. Vertical
bar indicates standard error of the mean. Numbers atop bars show minutes of observation
for all members of that class combined. Raw data in table III.
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Fig. 2. Mean proportion of time spent feeding in relation to dominance rank within the
two adult classes. Vertical bars indicate standard error of the mean. Raw data in table III.
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Bite Rate

The absence of significant differences in the proportion of time spent
feeding for various age-sex and dominance rank classes may actually be of little
importance if major differences between classes exist in the number of food
items ingested per unit of feeding time, or simply, bite rate. Bite rate estimates
were calculated separately for feeding bouts on each of six major food types
(table IT). However, an estimate of mean bite rate for any given age-sex class on
any specific food type was calculated only if a minimum sample of 20 observed
hand-to-mouth movements had been obtained for each of 3 or more individuals
from that class while feeding on the food type in question. Thus, in most cases,
an age-sex class estimate of mean bite rate is based upon a smaller number of
individuals than were actually present in the class, and, likewise, for some
age-sex class and food type combinations, no bite rate estimation was even
attempted due to lack of an adequate sample. Table Il summarizes the available
mean bite rate estimates as well as the results of pairwise comparisons of age-sex
class mean bite rates within food type.

Initially, the data for each age-sex class were examined for homogeneity of
bite rate within food type among the various individual members of that class.
As might be expected given the small samples available, just over half (9 out of
17) of all such tests indicated significant within-class heterogeneity of bite rate.
Subsequently, we carried out the pairwise comparisons of age-sex class mean bite
rates listed in table II, again within food types, and obtained several significant
results, but these analyses otherwise yielded no clear-cut pattern of consistent
differences in bite rate between specific age-sex classes. In within-sex compari-
sons, for example, bite rate was significantly higher in members of the older
age-class in two comparisons (Withania and Cynodon), while three other
comparisons of this type yielded insignificant results. Comparisons between
males and females of the same age-class yielded two cases where males had
significantly higher rates than females (Withania and Sporobolus spp.), one with
higher rates for females than males (4zima) and three which did not reach
statistical significance.

In addition, we looked for rank-related differences within the two adult
classes by computing rank correlation coefficients between dominance rank and
bite rate for all food types for which at least 4 individuals met the above
minimum hand-to-mouth sample size requirement. Of 9 correlation coefficients
so computed, only one reached statistical significance (grass stems, adult
females, ry = —0.90, n = 6, p < 0.05), with the negative sign of the correlation
coefficient indicating that feeding rate on grass stems decreased with increasing
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dominance rank among adult females. Thus, the available evidence does not
support the hypothesis that the absence of differences in time spent feeding
among the various social and demographic classes in the baboon group is in any
way compensated for by marked differences in bite rate, and thus presumably
feeding efficiency, among these same classes.

Lateral Asymmetry in Feeding Behavior

As a sideline to the above analyses, we analyzed the data on right and left
hand usage in feeding behavior with the aim of determining whether baboons
exhibited manual asymmetry in feeding behavior, a question of interest from
several standpoints [Hamilton, 1977; Warren and Nonneman, 1976]. The
proportion of hand-to-mouth movements utilizing the right hand equaled 0.514
for the group as a whole. However, the observed distribution of right and left
hand-to-mouth movements was not consistent with the null hypothesis that each
individual’s hand movement sequences represented a series of Bernoulli trials
from a statistically homogeneous population with p = 0.514 (x* = 1,075.6, d.f.
=35, p <0.01). With the exception of subadult males, all age-sex classes showed
significant heterogeneity around their estimate of mean proportion of right
hand-to-mouth movements, and, in fact, the estimate of p = 0.514 for the group
as a whole differed significantly from an expected value of 0.5 (Z =3.97,p <
0.01; Snedecor and Cochran [1967, p.209]). In sum, available data are
consistent with the hypothesis that baboons exhibit nonrandom preferences in
hand use, i.e. manual asymmetry, during feeding behavior.

Feeding Bout Duration

Table III lists productlimit estimates of mean feeding bout durations
obtained by the Kaplan-Meier [1958] technique for all individuals of the J2 class
or older. The mean feeding bout duration for each age-sex class as calculated
from these data, as well as standard error of the mean, is shown in figure 3. Tests
of significance (t-test, p < 0.05) for the difference in mean feeding bout
duration for all pairs of classes shown in figure 3 yielded no significant results.
Similar analyses carried out on data from only those feeding bouts known to
have terminated spontaneously (table III) also failed to yield any significant
findings. Thus, available evidence suggests that the observed distribution of
feeding bout durations for the individuals in Alto’s group was not related to
age-sex class affiliation.

Analysis of the relationship between dominance rank and feeding bout
duration is somewhat more complicated than that involving age-sex class because
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Fig. 3. Mean feeding bout duration, in minutes, for each of six age-sex classes. Vertical
bars indicate standard error of the mean. Raw data in table IIL.

any individual can be ranked within several different contexts, e.g., the entire
group, its age class, etc. We examined three such relative rankings for a
relationship to the Kaplan-Meier estimates of mean feeding bout duration. In
general, males of the J2 class or older supplanted and aggressed with impunity
against females of all age classes. Thus, the ordering of age-sex classes along the
abscissa in figure 3 corresponded roughly to the relative dominance ranking of the
six age-sex classes shown. The correlation between mean feeding bout duration
and the relative ranks of the six age-sex classes was not significant (r; = 0.657,n
= 6, p > 0.10), nor was the same correlation using only spontaneously
terminated feeding bouts (r; =0.371,n=6,p > 0.10).

In a more general fashion, all 33 individuals shown in table III could be
ranked according to their relative dominance status, again based on observed
outcome of agonistic bouts [Hausfater, 1975], and this rank order is also listed
in the table. Correlation coefficients calculated using the relative ranking of all
individuals within the group as a whole once again did not differ significantly
from zero for either the Kaplan-Meier estimates of mean feeding bout duration
(rg = 0.232, n = 33, p > 0.10) or for mean spontaneously terminated feeding
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bout duration (rg = 0.194, n = 33, p > 0.10). It should be noted, however, that
in all of the above analyses, the correlations were in the direction expected a
priori; that is, generally high ranking individuals had longer mean feeding bout
durations than did lower ranking individuals.

Within the two adult classes, the situation was yet more complex. For adult
males, the correlation between rank and estimated mean feeding bout duration
was significant and in the predicted direction (ry = 0.633, n=9, p <0.05). Yet
since the rate of interruption of feeding bouts for adult males was virtually
negligible (see below) it is unclear whether such a correlation in any way actually
reflected rank as opposed to some other set of social factors. Furthermore,
among adult females, the relationship between rank and estimated mean feeding
bout duration was surprisingly in precisely the opposite direction, albeit
nonsignificantly so, as that for the adult males (ry = —0.455,n=10, p > 0.05).
At the very least, these analyses suggest that something other than merely
dominance rank (e.g. choice of feeding sites, number of neighbors, etc.) exerted
a strong influence on the duration of feeding bouts among adults, and moreover,
did so differently between the two sexes.

Aggressive Interruption of Feeding Bouts

Table III presents available data on the proportion of each individual’s
feeding bouts that were interrupted aggressively as well as on the rate of
aggressive interruption per unit of feeding time. Rates of feeding bout interrup-
tion (per unit of feed time) were significantly heterogeneous within the group as
a whole (x? = 1174, n = 32, p < 0.01), though a rank correlation coefficient
computed for all individuals still showed a significant negative correlation
between rate of feeding bout interruption and mean feeding bout duration (rg =
—0461, n = 33, p < 0.01). The negative sign of the correlation coefficient
indicated that individuals whose feeding bouts were most frequently interrupted
also generally had the shortest average feeding bout durations.

Figure 4 shows the estimated mean rate of feeding bout interruption for
each of the six age-sex classes, as calculated by pooling data from all individuals
within each class (table III). The significance of differences in the mean rates for
each pair of age-sex classes was tested using the variance ratio [Cox and Lewis,
1966, p. 229] and showed that adult males had a significantly lower rate of
feeding bout interruption than did all other classes except subadult males.
Likewise, adult males had a significantly lower proportion of bouts interrupted
than all other classes except subadult males. Despite only a small number of
significant between-class differences in the above analyses, it was still the case
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152.3.102.242 - 8/21/2013 4:12:20 PM



Feeding Behavior of Yellow Baboons 187

15~| Males Females 1’

c

o

E M

€ 107 .

5

2

o

o ,

5 051 .

k4

B 1

]

g o0 T T T T T
Ad Subad J2 Ad Subad J2
Age class Age class

Fig. 4. Mean rate of feeding bout interruption for each of six age-sex classes, and 95%
confidence intervals (vertical bars). The ordering along the abscissa corresponds to relative
dominance ranking of class members vis-d-vis members of all other age-sex classes. Raw data
in table III.

that members of those age-sex classes of generally high intragroup dominance
were on average indeed less likely to suffer interruption of their feeding bouts
than were members of classes of generally lower intragroup dominance. Thus,
the correlation between the rank ordering of age-sex classes along the abscissa of
figure 4, corresponding to the relative dominance ranking of age-sex classes
within the group, and mean rate of feeding bout interruption was significant (rg
= —0.943, n = 6, p < 0.05) as was the correlation between relative dominance
ranking and proportion of feeding bouts interrupted (rg = 0.971, n = 6, p <
0.01). Likewise, across the entire sample of individuals, a significant negative
correlation existed between relative ranking within the group and rate of feeding
bout interruption (rg = —0.470, n = 33, p < 0.05).

Data from the adult male and adult female classes alone shed little
additional light on the relationship between rank and aggressive interruption of
feeding bouts. Among adult females, no significant correlation was found
between rank and feeding bout interruption rate (r;=—0.400,n = 10, p > 0.05)
nor between rank and proportion of feeding bouts interrupted (r; = 0.515, n =
10, p > 0.05). Among adult males, 6 of the 9 subjects had no feeding bout
interruptions at all and thus a similar correlation analysis was not attempted for
that class. When adult males and adult females were divided into dominance rank
classes, interruption rates (per minute of feeding time) of 0.011, 0.011 and
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0.028 were obtained for high, middle and low ranking adult males, respectively,
and values of 0.044, 0.111 and 0.099 were obtained for high, middle and low
ranking adult females, respectively. The mean proportion of feeding bouts
interrupted for high, middle and low ranking adult males was 0.012, 0.011 and
0.019, respectively, and comparable figures for adult females were 0.023, 0.087
and 0.082.

In sum, these various analyses indicated that the relative dominance ranking
of the members of one age-sex class vis-a-vis the members of all other age-sex
classes was a moderately strong predictor of both the proportion of feeding
bouts interrupted aggressively for any class member and the rate of such
interruptions per unit of feeding time. Furthermore, in general individuals with
relatively high interruption rates showed shorter feeding bout durations than did
individuals with lower interruption rates. Nevertheless, this latter relationship
was not particularly strong and, furthermore, within most age-sex classes, a
relationship between rank and interruption rate or proportion was either weak
or lacking entirely. Viewed another way, however, these findings indicate that
rank within the group as a whole, essentially a consequence of age and gender,
does indeed confer some limited immunity from feeding bout interruption. On
the other hand, within any particular age-sex class, low ranking individuals did
not obviously suffer more extreme costs than higher ranking individuals with
respect to interruption of feeding bouts by supplantations and other forms of
aggression.

The Cost of Low Rank

The question of low rank was approached analytically through yet another
procedure. For each individual in the group, two separate feeding bout length
distributions were constructed, one including only those bouts known to have
terminated spontaneously and the other including only those bouts known to
have been terminated by supplantations or aggression (table III). For the
purposes of this analysis, the latter distribution was treated in a Kaplan-Meier
analysis in a fashion analogous to the treatment of observationally censored
feeding bouts described in Methods. The resultant product-limit estimate based
on the combination of these two bout length distributions provided for each
subject a measure of what its mean feeding bout duration would have been in
the absence of aggressive interference from other group members. This derived
estimate is referred to as an individual’s ‘extended’ mean feeding bout duration.
A rather strong assumption underlies this procedure, however: that bouts
terminated by supplantation or other aggressive interruptions were randomly
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drawn from the population of all spontaneously terminated feeding bouts. If, for
example, baboons preferentially supplanted others from feeding sites that could
support relatively long feeding bouts, then the derived estimate of ‘extended’
mean bout length in the absence of interruptions will be subject to error. For
these as well as other reasons the distribution of spontaneously terminated
feeding bouts is potentially biased toward feeding bouts of short duration.
Although this assumption cannot be tested with the present data, research aimed
at doing so is currently in progress by one of us (D.P.) on the same study group.

Granting the above assumption, the ‘extended’ mean feeding bout duration
was calculated for each individual in our sample and these derived estimates of
feeding bout duration in the absence of interruptions are also shown in table III.
The percentage increase of extended mean bout duration over mean spontane-
ously terminated bout duration serves as a convenient quantitative measure of
the cost, in térms of diminished feeding bout duration, of having one’s feeding
bouts interrupted by group-mates. In other words, such a comparison provides a
way of assessing the proportional increase in feeding bout length that an
individual would have enjoyed had all interrupted bouts been allowed instead to
proceed to a spontaneous termination. We expected a priori that this cost
measure would correlate with dominance rank (i.e. low rank associated with high
cost), and indeed it did so, both across the entire sample of individuals (rg =
—0.485, n = 33, p <0.01) and within the adult female class alone (r; = —0.664,
n = 10, p < 0.05). Thus, aggressive interruptions of feeding bouts did indeed
impose a greater cost upon low ranking individuals, in terms of reduced feeding
bout duration, than upon higher ranking individuals.

Interindividual Dietary Differences and Overlap

Certain qualitative aspects of feeding behavior and diet, for example
differences among individuals in preferred foods or feeding site selectivity, may
obscure or override simple relationships between age, gender or dominance rank
and the parameters of feeding behavior examined above. For example, low
ranking individuals may preferentially include certain foods in their diet or use
certain feeding sites precisely because of the low probability of supplantation
from these foods or sites. In fact, such a food or site selection pattern would
have the net effect of equalizing feeding bout interruption rates, and probably
bout durations, across ranks, even though rank-related effects on feeding
behavior would otherwise still be present and nonnegligible.

In a final series of analyses, we attempted to quantitatively assess the extent
of dietary overlap both between and within the various age-sex classes of Alto’s
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Group. Dietary overlap between all pairs of animals and for all types of foods
(table I) was calculated using the formula [Holmes and Pitelka, 1968; Struh-
saker, 1974]:

0G.) =1~ % Zlpip—pjn|

where pj = the proportion of food ‘h’ in the diet of animal ‘i’ and pj, = the
proportion of food ‘h’ in the diet of animal 4’. Table III shows, for each
individual in Alto’s Group, the mean overlap with all other members of its
own age-sex class and with all other group members exclusive of its own
age-sex class.

Since the sampling distribution of this overlap statistic has not, to our
knowledge, been determined and the values obtained for different individuals are
obviously nonindependent, no form of significance testing of these results could
be undertaken with any confidence. In 22 out of 33 cases, however, mean
within-class overlap was greater than mean between-class overlap (table III).
Interestingly, all 9 adult males were among the exceptions to this pattern
indicating perhaps that only within this demographic segment of the group did
some aspect of social relations, e.g. a high level of adult male-male antagonism,
produce consistently lower dietary overlap with members of their own class than
with members of other age-sex classes. In fact, table III and figure 4 indicate that
an adult male actually had little to fear, with regard to feeding bout interrup-
tion, from any group member other than yet another adult male, which, we
speculate, resulted in spatial overdispersion of adult males accompanied by
commensurately reduced within-class dietary overlap.

In similar fashion, figure S shows a graph of dietary overlap between all
pairs of individuals as a function of the dominance rank differences between the
pair. Thus, for example, dietary overlap measures between animals of ranks 1
and 2, ranks 2 and 3, ranks 3 and 4, and so on through ranks 32 and 33, were
averaged to obtain the mean overlap value for all individuals separated by a rank
difference of 1. The same procedure was followed to obtain mean overlap values
for pairs of individuals separated by a rank difference of 2, 3, ..., 32 and, as can
be seen in figure 5, mean overlap decreased linearly in relation to increasing rank
difference within pairs of individuals (rg = —0.532, n = 32, p < 0.01). In sum,
individuals of different dominance ranks did indeed have different diets and
more so the greater the distance between their relative rank positions in the
group as a whole.
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Fig. 5. Mean dietary overlap as a function of difference in rank for all pairs of
individuals within the group. See text for further explanation.

Discussion

In the above analyses, we have investigated the proposition that dominance
rank (or age or gender) is an important determinant, via the mechanism of
agonistic interactions at feeding sites, of individual levels of food intake, and
furthermore, that enhanced nutrition may be a major advantage of high domi-
nance rank among baboons. However, our analyses failed to reveal any system-
atic differences in the proportion of time spent feeding between individuals of
various ages and genders; nor, among adults, were there consistent differences in
time spent feeding among the members of various dominance rank classes.
Likewise, there were no significant differences between age-sex classes in mean
feeding bout duration, although in the sample of individuals as a whole, there
was a weak nonsignificant relationship between dominance rank and feeding
bout duration. Specifically, higher ranking individuals within the group had
generally longer feeding bouts than did their low ranking counterparts. Among
adults, the same relationship held for males and reached statistical significance,
but females showed precisely the opposite pattern.
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Within the group as a whole, low ranking individuals were more likely than
higher ranking individuals to have their feeding bouts interrupted and individuals
with high interruption rates showed commensurately reduced feeding bout
durations. This same relationship was also indicated by pairwise comparison of
mean feeding bout duration for the various age-sex classes in the group. On the
other hand, among adults, and in fact within most other age-sex classes, no
significant relationship existed between rank and feeding bout interruption rate.
Yet another more subtle form of statistical analysis, based upon the Kaplan-
Meier procedure, revealed that the reduction in feeding bout duration due to
disruptive social factors was proportionately greater among low ranking individ-
uals compared to their higher ranking counterparts.

Finally, with the exception of adult males, nearly all individuals in the
sample showed a greater degree of overlap in diet with members of their own
age-sex class than with members of other age-sex classes. The average dietary
overlap within pairs of individuals was shown to depend upon their relative
dominance positions within the group, with proportionately greater dietary
overlap between any two individuals the closer their relative ranking within the
group. In sum, while the relationship between dominance rank (or age or gender)
and food intake was not entirely straightforward or simple, neither was it
negligible or lacking in potential nutritional importance.

Nevertheless, it is also clear that this study has ignored or neglected several
factors potentially of importance to understanding the relationship of age,
gender and rank to food intake. First, no data were obtained with which to
assess individual differences in spatial position and choice of feeding locations.
We hypothesize that there are consistent and probably rank-related differences
between individuals in terms of the preferred location of their feeding sites, both
with respect to the position and proximity of other group members and with
respect to the quantity and quality of food present. Such differences, if they
exist, would obviously contribute to variability among individuals in the rate of
occurrence of social interactions, but especially supplantations and aggression
over feeding sites, which in turn would contribute to variability in the various
parameters of feeding behavior considered in the present analysis.

Similarly, the main analytical variables in this study were feeding bout
duration, bite rate and rate of feeding bout interruption, variables which we
considered to provide reasonable and biologically meaningful measures of food
intake. Obviously, however, we would have preferred to obtain information on
the actual rate of nutrient ingestion or assimilation, rather than be restricted to
only the more indirect measures of feeding efficiency employed here. However,
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adequate data on nutrient availability in the different foods of Amboseli
baboons as well as on the relative digestive efficiencies of various yellow baboon
age-sex and rank classes were not available at the time of this study and, in fact,
are probably still lacking even today. Thus, although our findings agree with
those of Post [1978] and Rhine and Westlund [1978] that proportion of time
spent feeding and bite rate do not vary systematically in relation to age, gender
or rank for individuals of the J2 class or older, there may still exist important
differences among these individuals in the quantity or quality of food ingested,
differences whose assessment would require a much more elaborate set of
techniques and analyses than those utilized in the present work.

More generally, it seems likely that low ranking individuals, or members of
the younger and weaker age-sex classes, have recourse to a variety of alternative
behavioral strategies for minimizing interference from higher ranking individuals
and at the same time assuring adequate food intake. Such strategies probably
involve interindividual differences in choice of feeding sites and in choice of
food quality, as discussed above. Additionally, the particular strategy used by an
individual at any moment would be expected to depend upon its gender, age and
rank, the last two of which change continually throughout life in baboons and
thus, patterns and strategies of food acquisition might profitably be considered
as an integral part of any individual’s life history. Hopefully, the ongoing
longitudinal study of the ecology and behavior of Amboseli baboons will
contribute to a more complete understanding of both the life-historical [Haus-
fater et al., in press] and day-to-day [Post, in preparation, 1980] constraints on,
and patterns in, the feeding behavior of yellow baboons and other primate
species.
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