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ACTIVITY PATTERNS OF YELLOW BABOONS (PAPIO
CYNOCEPHALUS) IN THE AMBOSELI NATIONAL PARK, KENYA

By DAVID G. POST*
Department of Anthropology, Columbia University, New York, NY 10027,
and

Department of Cell Biology and Anatomy, Johns Hopkins University Medical School,
Baltimore, M D 21205

Abstract. Quantitative data on the ways in which adult yellow baboons ( Papio cynocephalus ) distribute
their time among various activities are presented. Baboons spend approximately three-quarters of
their time feeding or moving. Interseasonal variability in the proportions of time spent feeding and
socializing is statistically significant, as are individual differences in the proportions of time spent
feeding and moving. Although males and females spend approximately equal proportions of time in
each of the activity states, the distributions of the durations of activity bouts show significant inter-
sexual differences in central tendency and dispersion that are consistent with a model of intersexual
differences in overall foraging strategies. Consistent diurnal patterns are conspicuously absent, and
the relationship between this finding and other ecological variables is discussed.

As Struhsaker & Leland (1979, page 162) have boons distribute their time among different

noted, ‘an analysis of how different species dis- activities. This report presents data gathered
tribute their time among various activities is during systematic focal-animal sampling of
essential to any characterization of their life adults within a single social group of yellow
styles, and lays a foundation for interrelating baboons (Papio cynocephalus) in the Amboseli
their ecology and behavior’. Interspecific vari- National Park in Kenya during the period from
ability in activity budgets among primate species October 1974 to August 1975. These data are
is quite marked, and recent work has suggested examined for interseasonal, interindividual, and
that some of this variability, at least, may be diurnal variability in the amounts of time spent
attributable to body size and dietary variability in each of four activity states (feeding, moving,
within the Order (Clutton-Brock & Harvey resting, and socializing); however, as this report
1977, page 365 ff.). Specifically, the proportion forms part of a larger study primarily concerned
of foliage in the diet is negatively correlated with with feeding and ranging patterns in this group
the proportions of time spent feeding and moving (Post 1978), feeding and moving will be most
and positively correlated with the proportion of closely scrutinized. The flexibility of the baboons’
time spent inactive, while body size is positively behavioural responses to fluctuations in resource
correlated with feeding time once the dietary availability has frequently been cited as an
variable has been factored out (Clutton-Brock essential component of the adaptive strategy

& Harvey 1977; Gaulin 1979; Struhsaker & that has resulted in the successful colonization
Leland 1979). General constraints of this nature of most of Africa (Rowell 1966; Altmann &
may lie behind the distinctiveness of the activity Altmann 1970; Nagel 1973; Altmann 1974).

profiles of different species (Bernstein 1976; Thus the analysis of the nature and causes of
Davis et al. 1968), although intraspecific vari- variability in activity proportions can contri-
ability in activity budgets has been documented bute to our understanding of the nature of that
in many species and may reflect fluctuations in adaptive strategy.
resource availability or other environmental In addition, the focal-animal sampling tech-
variables (Clutton-Brock 1977). . nique employed allows for the examination of
Although both the ecology and the social the distributions of feeding and moving bout
organization of baboons have received consider- durations. My interest is primarily in the infor-
able attention, little quantitative information is mation these distributions provide concerning
available concerning the ways individual ba- interindividual, and particularly intersexual,
*Present address: Department of Anthropology, differences in foraging habits beyond that pro-
Columbia University, New York, N.Y. 10027. vided by the the analysis of activity proportions
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alone. The assumption that these distributions
reflect both the characteristics of the distribution
of food resources and the extent of interin-
dividual competition for food is not explicitly
addressed in what follows (see Slatkin 1975;
Post et al. 1980). Given that individuals
within a single foraging group face similar dis-
tributions of available food, at least insofar as
they feed on the same range of foods in the same
areas (see below), these bout duration distribu-
tions may reflect the extent to which individuals
are affected by, and the manner in which they
respond to, that competition for food (see
Discussion).

Methods

A detailed account of the structure and dyna-
mics of the Amboseli ecosystem can be found in
Western (1972), and a description of the ecology
of baboons and vervet monkeys (Cercopithecus
aethiops), along with general ecological char-
acteristics of the area, can be found in Altmann
& Altmann (1970) and Struhsaker (1967).
Briefly, the habitat frequented by baboons
within the Park can be characterized as
semi-arid short-grass savanna. The area is domi-
nated by grasses of the genus Cynodon (e.g. C.
dactylon and C. plectostachyus) and Sporobolus
(e.g. S. kentrophyllus, S. marginatus, and S.
africanus). Rainwater from neighbouring Mount
Kilimanjaro percolates into the Amboseli Basin
and surfaces as swamps and permanent water-
holes. Water is also available in small rainpools
during the rainy season months (see below).
Permanent waterholes and other depressions are
surrounded by relatively dense groves of yellow-
barked fever trees (Acacia xanthophloea) and a
dense understory dominated by the shrubs
Azima tetracantha and Salvadora persica. In
drier regions, the umbrella tree (Acacia tortilis)
is dominant.

Data on rainfall and temperature, collected
at a small weather station established at our
camp approximately 12 km from the border of
the study group’s home range, are summarized
in Fig. 1. Seasonal temperature variability is
slight, while rainfall variability is quite marked;
most rain falls during the long rains (March-May)
and the short rains (November-January), and
the intervening dry periods will be referred to
as the inter-rains (February) and the dry season
(June-October) (Altmann & Altmann 1970).

Observations were made of members of Alto’s
group (see J. Altmann et al. 1977), which num-
bered 46 individuals at the start of preliminary

Rainfali{cm)

QD = N AN D

ANIMAL BEHAVIOUR,

o

29, 2

data collection (July 1974) and 50 individuals at
the termination of the study (August 1975).
Data on changes in group composition due to
births, deaths, immigrations, and emigrations
are presented elsewhere (Post 1978, Table I).

Data presented below come from focal-
animal samples (see J. Altmann 1974) on a sub-
set of adults in Alto’s group. Four adults (two
males and two females) were initially chosen at
random from among the 25 adults in the group;
a fifth individual, adult male Chip, was added
to this subset as a ‘back-up’ in case one of the
males emigrated or died, although sampling of
Chip’s behaviour was somewhat less syste-
matic than sampling for the behaviour of the
other four focal animals (sece below).

Each focal animal was followed for an entire
day (0700 hours to 1800 hours) at a time. |
chose each day’s focal animal in such a way
that each of the four main focal individuals was
observed for two days during the first eight
sample days of every month. Chip was the focal
animal during the following day. During any
remaining sample days in a given month focal
animals were chosen at random from the set of
five individuals.

Sampling proceeded as follows (see Post 1978
for a more complete description of sampling
methods): the focal animal was observed con-
tinuously during 15-min samples beginning on
the half-hour (0730 hours to 1730 hours), dur-
ing which the following information was re-
corded: the activity state occupied (see below for
a definition of these states), transition times
between activity states, and all foods eaten during
feeding bouts. Total sample time on each of the
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Fig. 1. Mean moanthly rainfall (cm) and mean monthly
maximum and minimum temperatures during the 11
study months.
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five focal animals during each of the 11 months
of the study is given in Table 1.

Due to the difficulty of maintaining my con-
centration during 11 daily samples of this kind,
one major modification of the procedure de-
scribed above was introduced: the samples at
0730 hours and at three other times chosen at
random were ‘feeding only’ samples, which were
identical to those described above except that
only feeding bouts were recorded.

I defined activity states to make the list of
such states both exclusive and exhaustive, so
that an animal could occupy only one activity
state at any time. Five activity states were de-
fined as follows:

1. Feeding. Feeding began when the subject
first made contact with any part of a food plant,
excluding contact with the plant as a locomotor
substrate. Feeding bouts terminated when the
subject either (a) moved more than one full
stride, even if it was carrying part of the plant
in its hand or mouth, or (b) stopped looking at
the food plant. By this definition, a switch to a
new food type in the absence of either of these
conditions was not sufficient for the bout to be
considered terminated ; thus a single feeding bout
could include more than one food type.

2, Moving. This category included all loco-
motor activities, e.g. walking, running, climbing,
and leaping between arboreal supports, but ex-
cluded short movements during feeding (less
than one full stride) and locomotion during
social behaviour (e.g. the subject chased another
individual).

3. Resting. This category included solitary be-
haviour during which an animal was neither
feeding nor engaged in social behaviour, and
included sleeping, auto-grooming, looking
about, etc.

4. Social behaviour. Social behaviour included
all periods of activity during which an animal’s
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attention and behaviour were clearly directed
toward another individual. This category in-
included allo-grooming, mounting, perineal
presentation, chasing, play, aggression, etc.

5. Drinking: Drinking included all times dur-
ing which an animal’s mouth was in contact
with water. Because animals spent so little time
drinking, drinking will not be analysed below.

Results
Proportions of Time Spent in Different Activities

Estimates of the proportions of time spent in
the different activity states are displayed by
month in Table II and by season in Table IIL.
Each monthly estimate was computed by:

(a) calculating from the focal-sample data the
proportion of time spent in each activity state
during each hour of each day that month;

(b) taking the mean of these 11 hourly esti-
mates as the estimate of the proportion of time
spent in each activity during the day in question;
and

(c) calculating the mean and sb of these daily
estimates for all days in the month in question.

This procedure corrects for the potential bias
due to the unequal distribution of observation
time among different hours in a manner analo-
gous to the method used in Altmann & Altmann
(1970, pages 120-121). The seasonal estimates in
Table III are the means of the estimates for all
months within each of the four seasons.

Finally, these monthly proportions were
averaged to calculate an overall mean pro-
portion of time spent in each activity (Table 1I,
‘Mean’). Overall, the baboons spent close to
half of the time between 0700 hours and 1800
hours feeding, and approximately 709/ of that
time either feeding or moving. The standard
deviations in Table II reflect day-to-day vari-
ability within months in the proportion of time
spent in different activities, and it is clear that
this variability is large for almost all months and

Table 1. Sample Times

A. Focal-animal sample (min

Animal Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug Total
Male Stubby 98 184 135 349 265 234 322 291 431 337 146 2792
Female Brush 126 214 202 183 393 264 348 308 328 451 250 3060
Male Peter 66 246 126 243 250 175 249 190 241 2714 231 2291
Female Preg 136 173 117 372 269 423 273 292 346 395 169 2965
Male Chip 0 0 o 142 126 2N 91 154 128 207 0 1119
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activities. Averaging the monthly coefficients of
variation (CV) for each of the four activity
states yields mean CV’s of 19.90 (feeding), 33.47
(moving), 47.04 (resting), and 83.09 (social be-
haviour). Some of this variability may be due to
interindividual differences in activity proportions,
discussed below.

The significance of interseasonal and inter-
individual variability in activity proportions
was tested with a two-way analysis of variance
with replication (Sokal & Rohlf 1969, page 299).
The proportion of time spent in each activity
each day (using the arcsin transformation for
proportions, Snedecor & Cochran 1967, page
327) was the dependent variable, with season and
focal-animal identity as the ‘treatments’. Inter-
seasonal differences, adjusted for differences
among the five focal animals, are significant for
feeding (F = 4.51, df = 3,80, P < 0.01) and
social behaviour (F = 3.41, df=3,80, P <
0.05). Interseasonal variability in moving and
resting proportions is not significant. The pro-
portion of time spent feeding is highest and the
proportion of time spent socializing is lowest
during the long rains and the dry season, and the
opposite is true during the short rains and inter-
rains (Table III). The proportions of time spent
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feeding and socializing each month are strongly
negatively correlated (Table II; rs = — 0.834,
N = 11, P < 0.01). However, these proportions
are not strictly independent since the sum of all
four proportions each month must equal unity,
and therefore the significance of this correlation
is difficult to assess (see Discussion).
Interindividual differences, adjusted for
seasonal variability, are significant for feeding
(F=3.14, df =4,80, P < 0.05) and resting
(F = 2.81, df = 4,80, P < 0.05) and are close
to statistical significance for moving (F = 2.44,
df = 4,80, P ~ 0.10). The small number of ani-
mals sampled prevents attributing this variability
to effects of age, dominance rank, reproductive
condition, or other variables that may be
causally linked to the proportions of time ani-
mals spend in different activity states. The two
females spent a significantly greater proportion
of time feeding during days on which they were
pregnant or lactating (Mann—-Whitney U test,
one-tailed, P < 0.05). However, the reproduc-
tive conditions of the females were roughly
synchronized during this study (see Table VII
in Post (1978)), both having conceived in early
1975 (9/1/75 for Preg and 17/2/75 for Brush, as-
suming six-month gestation). Thus this differ-

Table II. Proportion of Time Spent in Each Activity

Month % Feeding sD % Moving sD % Resting SD % Socializing sD
Jan. 35.22 9.14 28.90 11.74 23.04 8.40 11.61 9.24
Feb. 43.93 8.81 20.86 4.85 24.03 10.27 9.82 8.10
Mar. 45.81 12.60 24.99 8.73 23.18 1441 5.64 6.91
April 51.36 9.05 2043 7.92 19.19 7.58 6.11 6.07
May 53.23 9.41 23.64 6.83 21.17 9.29 5.55 5.56
June 53.58 9.14 24.74 5.66 16.79 10.56 5.45 5.02
July 54.98 9.19 22.77 8.96 17.48 6.78 3.70 3.40
Aug. 43.09 15.53 17.40 5.85 31.01 17.21 7.45 5.23
Oct. 44.11 3.51 24.25 11.43 22.56 6.93 8.39 2.10
Nov. 47.70 9.97 27.07 6.41 19.73 11.34 4.80 5.34
Dec. 37.85 4.34 27.55 9.65 21.49 10.20 12.72 493
Mean 46.44 6.47 23.87 3.39 21.79 3.86 7.38 292

Table ITI. Seasonal Distribution of Activity Percentages

Season Feeding SD Moving SD Resting SD Socializing SD

Short Rains 39.84 9.75 27.99 9.46 21.62 9.52 9.70 7.85

Inter-Rains 43.93 8.81 20.86 4.95 24.03 10.27 9.82 8.10

Long Rains 50.07 10.57 22.91 7.88 21.11 10.53 5.79 6.01

Dry 51.08 9.96 22.57 7.97 20.35 11.34 5.48 4.38
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ence in feeding time cannot be definitely attri-
buted to this change in reproductive condition
but may be due to a seasonal effect or to some
interaction between the two. Figure 2 shows the
mean activity proportions for the three males
and two females (monthly and seasonal break-
downs of these proportions can be found in Post
(1978)). The differences in activity proportions
between males and females in Fig. 2 are not
significant (Mann-Whitney U-test, two-tailed,
using the 11 monthly means for each of the
four main focal animals). This accords well with
the results from an earlier study (Post et al.
1980) with a larger sample of animals, in which
there was no significant difference between males
and females in time spent feeding.

No significant correlations (Spearman rank
correlation) were found between the average
monthly proportion of time spent in any activity
state and (a) monthly rainfall, (b) previous
month’s rainfall, (c) sum of (a) and (b), (d) mean
temperature at 1430 hours, or () mean daily
maximum temperature. In contrast, J. Altmann
(1980) has recently reported that in a later study
on adult female activity budgets in Alto’s groups
the sum of the rainfall in one month plus that of
the previous month accounted for a significant
proportion (50%) of the variance in average
monthly time spent feeding.

Diurnal Distribution of Activities

The mean time spent in each of the four major
activity states during each hour for each of the
four seasons is shown in Fig. 3; the diurnal
distribution for the entire 11-month period is
given in Fig. 4. The values shown in these figures
are the means of the daily estimates for each

50r- [ IMadles
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Fig. 2. Mean proportion of time spent in the four activity
states by the three males and two females.

hour for each of the activities. Daily variability
in all hours and all activities is high; over the
entire sample, the mean hourly coefficients of
variation are 58.7, 79.5, 123.0, and 267.1 for
feeding, moving, resting, and social behaviour,
respectively.

In three of the four seasons the diurnal pattern
of feeding behaviour approximates a triphasic
pattern, with early morning, midday, and mid-
to-late-afternoon feeding peaks (Fig. 3). The
timing of these peaks, in terms of actual ‘clock
time’, varies from season to season, with the
result that the pattern for the entire study (Fig. 4)
shows no evidence of feeding peaks but rather a
steady rise throughout the day in the proportion
of time devoted to feeding. The dry season pat-
tern, too, shows a steady increase in time spent
feeding and a concomitant decrease in the pro-
portion of time spent moving and resting (Fig. 3).

The significance of the diurnal variability de-
picted in Figs 3 and 4 in time spent in the four
activity states was tested by means of the follow-
ing variant of the median test. For each day the
proportion of time spent in each of these four
activity states during each hour was calculated,
and the median proportion of time spent in each
activity state for that day was determined. For
each hour I then recorded whether ‘the pro-
portion of time spent in an activity was greater
or less than the median proportion of time spent
in that activity that day. This procedure was re-
peated for all days within each of the four
seasons, and the entire process was then repeated
for the other three activity states. The hypothesis
to be tested is that the proportion of time spent
in a given activity state during a given hour is
equally likely to be above or below that day’s
median proportion of time in that activity state;
that is, the observed number of times the activity
proportions for a given hour fell above and be-
low the median was compared to the cumulative
binomial distribution with P = 0.5 and N =
number of days for which data from that hour
are available.

The results of this analysis, using data for all
seasons pooled together, are shown in Table IV;
entries for each hour show the number of days
during which the proportion of time spent in
each activity state fell above and below the daily
median proportion for that activity, and the
probability, under the null hypothesis of a 1:1
ratio, of obtaining a deviation as large as that
observed. The results are striking in that there
appears to be virtually no tendency for the ani-
mals to ‘prefer’ certain hours for any of the
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activities over the course of the year; only 3 of
the 41 observed distributions (feeding, 0700
hours and social behaviour, 0900 hours and
1500 hours) deviate significantly from the ex-
pected ratio. This is approximately the number
of falsely rejected null hypotheses (Type I errors)
expected when working at a significance level of
0.05, and thus the overall picture is very definitely
one of independence between time of day and
intense periods engaged in any one activity. With
the exception of the first hour, for which only
feeding data are available (see Methods), only
the hour beginning at 1500 hours shows a reason-
ably consistent overall activity pattern, with a
tendency towards high feeding scores and low
scores for the other three activities (Table IV).

This test was repeated using data from each
season considered separately (not shown), and a
similar absence of a pattern emerged: in only 7
of the 164 cases (41 cases in each of four seasons)
could the null hypothesis be rejected.

I examined these data for evidence of inter-
seasonal or intermonthly variability in the
amount of time spent in each of the four activity
states during each hour. Data from the 11
months were grouped into seasons, and sample
estimates of the proportion of time spent in each
of the four activities during each hour were com-
pared among the four seasons by means of the
Kruskal-Wallis test (Siegel 1956), with the null
hypothesis that the mean is the same in all four
seasons. The null hypothesis could be rejected
in only 8 of the 41 comparisons; the hours
showing significant interseasonal variability have
been marked with an asterisk in Fig. 4 (the
nature of the interseasonal variability in the
activity pattern during these hours can be as-

601 ——Feeding -~~-Moving e Resting — -+~ Sociatizing

Proportion of time

1
7 8 S 10 il 12 13 14 15 16 7
Time of day

Fig. 4. Diurnal distribution of activity proportions
averaged over the entire study. An asterisk denotes those
hours and activities that showed significant interseasonal
variability. See text for details.

sessed with reference to Fig. 3). These results do
not lend themselves to simple interpretation:
non-significant results are as often due to high
within-season variability as to interseasonal
equality of the means. With one exception
(resting, 1300 hours) all significant differences
occur during the first three (0700-1000 hours)
or last three (1500-1800 hours) hours. The
general pattern appears to be a steady increase
in the time spent feeding during the first three
hours (exception: short rains, 0900 hours), with
moderate amounts of time moving {exceptions:
dry season, 0800 hours (low) and short rains,
0900 hours (high)) and resting (exception: dry
season, 0800 hours). There is a resting ‘peak’ and
feeding ‘valley’ at 1500 hours during the inter-
rains. Early morning and late afternoon peaks
in social behaviour (Altmann & Altmann 1970,
page 93) were apparent only during the short
rains and inter-rains.

Finally, I attempted to assess the effect of
feeding during any given hour on the proportion
of time spent feeding during the subsequent hour.
Matrices whose (i, f)th entry represented the
number of days during which the focal ani-
mal fed for i % of the time during hour x and j %,
of the time during hour x + 1 were drawn up.
For computation purposes, the proportion of
time spent feeding was divided into 10 intervals
(0-9.9%, 10-19.9% . ..,90-100%). Five 10 x
10 matrices were drawn up, one for each of the
four seasons and one for the pooled data for all
11 months (Post 1978, Tables 12-16). The null
hypothesis that the proportion of time spent
feeding during hours x and x + 1 are inde-
pendent was tested by means of the G-statistic
(Sokal & Rohlf 1969, p. 599). Only during the
dry season does the null hypothesis of inde-
pendence fail to fit the observed data, with the
suggestion during that period of a tendency for
high feeding proportions during one hour to be
more frequently followed by high feeding pro-
portions in the subsequent hour than would be
expected under the null hypothesis (Post 1978,
pages 29-31).

In sum, there is little evidence either that
certain activities are performed at higher-than-
expected frequency during any hour (with the
possible exception of a feeding ‘valley’ at 0700
hours and a feeding ‘peak’ at 1500 hours) or that
predictable hour-to-hour patterns exist, irre-
spective of ‘clock time’, in the proportion of
time spent feeding. Although the within-season
diurnal activity distributions (Fig. 3) appear to
show more distinct patterns, the within-season



2

29,

ANIMAL BEHAVIOUR,

364

£€5T°0 6C oc 0001 194 9 L91°0 [4% Ic @10 8¢ oy 0081-00L1
#08°0 it 142 to1'0 6t 14 es’o 62 St YZro ve 114 00L1-0091
9000 144 | 14 SEE°0 6t 0¢ ¥90°0 i 6T tel’o 9¢ IS 0091-00§ [
000°1 g€ 43 8TC0 oy 6¢ §06°0 9¢ bt SET'0 Lt 6F 005 1-00¥1
6150 €€ il 0920 L Lt S0 6T St 9780 134 or 00r1-00€T
A Ll (] 000°1 1! vl 1$8°0 £l sl 00071 £C (44 00£1-00T1
065°0 0t st S¥T0 §T 33 000°T 6C 67 v6t'0 (44 §€ 00Z1-0011
£40°0 or 144 w060 Ve [4) 0£9°0 [4% LE 0001 (34 (44 0011-0001
£09°0 [43 L7 080 1€ ve w0 8T 6% 08¢0 14 LE 0001-0060
$6L°0 8¢ 1€ SYT0 sT 133 £09°0 LT [43 SLO0°0 (414 43 0060-0080
- - - - - - - - - 1000 bt It 0080-00L0
d uRipous  uBIpaw d ueIlpaw  UBIpaw d ueIpow  ueIpow d uglpowl  ueIpAIw (smov)
mopg 2A0QY MopRg  2A0QV mopeg 2A0QVY Mopg dA0qQVy Aep Jo sunj,
sawn Jo JasquinN SaWM JO JIQUINN SWN JO 1NN SOWI) JO JSqUINN
INOIABYQ [RID0S Sunsoy Suinoy Suipaag

(1xa], 2G) sYedJ ANANIY JO SISA[BUY AT JqEL,



POST: BABOON ACTIVITY 365

picture is likewise one of independence between
the hours of the day and the animals’ activity.
Although the timing of periods of intensive
activity differs interseasonally, in the absence of
a coherent interpretive framework the overall
significance of this variability is obscure.

Duration of Activity Bouts: Interindividual
Differences

As shown in a previous section, the gross
activity profiles of adult males and females tend
to be similar, with a suggestion of a non-sig-
nificant difference whereby males spend some-
what less time feeding, and somewhat more time
resting and moving, than females. However, the
way in which males and females partition their
total time within any activity state into individual
activity bouts seems to differ substantially, and
this difference may reflect important differences
in their utilization of environmental resources.
An activity bout was defined as an uninterrupted
period within one activity state. Figure 5 shows
the mean length of feeding and moving bouts

15F
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Fig. 5. Mean feeding (open circles) and moving (closed
circles) bout durations for the five focal animals. ST =
Stubby (male), PE = Peter (male), CH == Chip (male),
PR = Preg (female), BR == Brush (female). Vertical bars
represent two standard errors, and numbers above the
vertical bars represent the number of bouts observed for
that animal.

for the five focal animals, and it is clear that
males have longer average feeding and moving
bouts than females (all pairwise male/female
comparisons are significant by #-tests). Mean
bout durations were computed using the tech-
nique of Kaplan & Meier (1958) to correct for
the bias introduced by the use of ‘censored’ bouts
(i.e. bouts without a known starting or ter-
mination time due to the subject moving out of
sight behind a bush, beginning and ends of
samples, etc.). Note that the larger number of
female bouts (Fig. 5) is consistent with the
roughly equal amounts of time that males and
females spend feeding and moving (Fig. 2) and
the longer mean bout durations of the males.

Several factors may account for the longer
feeding bouts of males. First, the diets of males
and females differ significantly (Post 1978, and
in preparation), and the ‘average’ female diet
may consist of a smaller proportion of foods
distributed in large ‘patches’ capable of support-
ing long feeding bouts. A second set of factors
would apply even if males and females included
identical proportions of the same foods in their
diets. For example, males may feed more slowly
than females, thus spending more time at a food
site to ingest the same quantity of food. This is
unlikely to account for the observed difference
in mean feeding bout duration since there does
not appear to be a consistent tendency for
females to feed at faster (or slower) rates than
males (Post 1978; Rhine & Westlund 1978; Post
et al. 1980). Males may exploit feeding sites
with larger quantities of food, or males and
females may utilize different criteria for the
termination of feeding bouts such that males
extract a larger proportion of the food present
at each feeding site. With respect to the latter
possibility, the feeding bouts of females are
interrupted by supplantations at a substantially
and significantly higher rate than those of males
(Post 1978; Post et al. 1980), and this factor
probably accounts for some, but not all, of the
difference in feeding bout durations (see dis-
cussion in Post et al. 1980).

These factors are not mutually exclusive, and
it is not possible to examine the independent
contributions of each in this report; further
work along these lines is in progress (see also
Post et al. 1980). To gain some insight into
the effects of the dietary differences between
males and females on the difference in mean
feeding bout duration, I have examined the dis-
tributions of feeding bouts for each of four
different foods for each focal animal (Fig. 6).
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The four foods chosen for this analysis were
grass blades (all species), the dried seed pods of
Acacia xanthophloea, the underground corms of
Sporobolus kentrophyllus, and the berries of
Azima tetracantha. Together these four foods ac-
counted for just under 409, of the time spent
feeding by the combined sample of individuals
during this study (Post 1978, Tables 56 and 61).
It should be pointed out that only feeding bouts
during which the subject fed on a single food
type were included in these analyses; since feed-
ing bouts during which the subject switched from
one food type to another were not uncommon,
the total feeding time on any one food cannot be
reconstructed from these data.

Tests of several hypotheses are shown in
Table V. Differences in mean bout duration
among the five individuals were significant for
all four foods (Anova, Table V); a priori con-
trasts (Sokal & Rohlf 1969, page 226) between
the mean bout durations of males and females
were also significant for all four foods (Table V).
In all of these cases the male bouts lasted longer
than the female bouts (Fig. 6).

For highly skewed distributions of this kind,
the median may be a more appropriate measure
of central tendency than the mean. Accordingly,
medians for all distributions are displayed in
Fig. 6, and the results of two versions of the

median test (Siegel 1956) in Table V. Differences
in median bout duration among the five in-
dividuals were significant for all four foods
(Table V); that is, the null hypothesis that the
five samples are drawn from populations with
the same median can be rejected in all cases. The
hypothesis that the male and female medians
are equal was tested by pooling all bouts for all
individuals of each sex and comparing the two
medians with the two-sample median test (Siegel
1956, page 111). This is not strictly appropriate
since, as we have just seen, these samples are
significantly heterogeneous. However, there is
no analogue, for the median test, of the a priori
contrasts used for means. For three of the four
foods the difference between the male and female
medians was significant (Table V). It should be
noted that, in general, the differences between
the male and female means are greater than the
corresponding differences between the medians
(Fig. 6); for example, the males’ mean durations
are always greater than or equal to the female
mean durations, while the same is not true for
the medians (see Fig. 6 and Discussion).

In addition to these differences in central
tendency, there are characteristic differences in
the dispersions of the male and female bout
duration distributions. For each distribution the
dispersion statistic d (Cox & Lewis 1966, page

Table V. Testing Interindividual and Intersexual Differences in Mean and Median Feeding Bout Durations

ANOVA Median test
Sum of Mean
Source daf squares squares F x? df
A. Grass blades
Individuals 4 25.82 6.45 8.309** 20.24** 4
Sexes 1 13.26 13.26 17.076** 5.49* 1
Error 821 637.71 0.78
B.  A. xanthophloea seed pods
Individuals 4 61.85 15.39 5.833%* 21.95%* 4
Sexes 1 30.81 30.81 11.676%* 2.61 (ns) 1
Error 681 1797.23 2.64
C. 8. kentrophyllus corms
Individuals 4 76.61 19.15 0.882%* 41.36** 4
Sexes 1 42.01 42.01 21.661%* 12.62** 1
Error 1013 1998.08 1.94
D. A, tetracantha berries
Individuals 4 9.75 2.4 5.782** 17.22%* 4
Sexes 1 9.09 9.09 21.562*%* 17.34%* 1
Error 415 174.99 0.42

*P < 0.05. **P < 0.01.
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158; Dienske & Metz 1977) was computed,
defined as:

k _
> 1 (N: — N)2

1 =

d—=

N

where N1, No, ..., N, are the lengths of the &k

observed bouts and N = I N;/k. The d statistic
is distributed as a y 2 variate with k—1 degrees of
freedom under the null hypothesis that the N;’s
are sample observations of a Poisson variable,
i.e. that bout termination rate is constant irre-
spective of bout length. The d statistic is closely
related to the sample variance of the distribution
under examination. In fact, d/(k — 1) is simply
the ratio of the estimated sample variance to the
mean, and the dispersion test is roughly a com-
parison of this variance/mean ratio with its ex-
pected value of unity under the null (Poisson)
hypothesis. Significantly high d values suggest
that bout lengths are ‘underdispersed’, i.e.
with a variance significantly higher than ex-
pected under the null hypothesis; low d values
suggest ‘overdispersion’ or lower-than-expected
variance.

The results of the dispersion tests are shown
along with the distributions themselves in Fig. 6.
The female feeding bout distributions tend either
to fit the Poisson model (3/8) or to show over-
dispersion (4/8), while the male distributions are
predominantly underdispersed (8/12). Ten of the
12 male distributions (83 9() deviate significantly
from the Poisson model, while 62.5% (5/8) of
the female distributions do so; this difference is
not significant (Fisher’s Exact Test, P > 0.05).
However, the male distributions are significantly
more likely to deviate from the Peisson model
in the direction of underdispersion than are the
female distributions (Fisher’s Exact Test, P =
0.047). Figure 6 shows that these underdispersed
distributions tend to be convex to the origin,
with long ‘tails’ signifying a decreasing rate of
bout termination (see Dienske & Metz 1977).

In summary, these analyses have shown that
the longer feeding bouts of the males (Fig. 5) are
not simply the result of dietary differences bet-
ween males and females, since differences in
median and mean bout durations remain within
single food types (Table V). Furthermore, there
are significant differences between males and
females in the variability of the feeding bout
duration distributions that are reflected in the

different shapes of the distributions (above and
Fig. 6; see Discussion).

The analysis of the moving bout distributions
is somewhat less straightforward; moving bouts
cannot be classified by food type as were feeding
bouts, and can be classified only with reference
to their end-points, which may be two feeding
bouts on different foods, or two bouts of
different activities. Comparison among indivi-
dual distributions is difficult because of this
underlying heterogeneity. However, certain dif-
ferences between the male and female distri-
butions (Fig. 7) are suggestive. Although the
male means are significantly higher than the
female means, there is no heterogeneity among
the five sample medians (2 = 2.73,df = 4, P >
0.10). The three male distributions are signifi-
cantly underdispersed and are highly convex to
the origin (Fig. 7), whereas neither of the female
distributions shows either of these characteristics.

These results are surprising in that, as Deag
(1977) has suggested, males would be expected
to have shorter moving bouts, or shorter mean
‘search times’ for food, as a consequence of their
higher dominance rank. Several hypotheses may
account for this discrepancy: for example, males
may require longer moving bouts to ‘catch up’
to the foraging group after it moves away during
their longer feeding bouts. I suspect, however,
that this discrepancy is due, in large part, to the
fact that at least two different kinds of moving
bouts have been lumped together in the distri-
butions in Fig. 7: bouts between food plants
within large food ‘patches’ and the (generally
longer) bouts between food patches. These two
types of moving bouts are often distinguished
as separate activity categories, e.g. locomotion
associated with feeding (‘foraging’) and loco-
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Fig. 7. Survivorship functions of moving bout durations
for the five focal animals. Labels as in Fig. 6.
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motion not associated with feeding (‘travelling’)
(e.g. Rose 1977; Sussman 1977; Fleagle 1978),
although I found that 1 was not able to distin-
guish consistently between these two types of
locomotion (see Rose (1977) for a discussion of
the intergradations of these activities). I suspect
that the longer moving bouts of males are due to
a larger number of these long ‘travelling’ bouts;
a similar intersexual difference is suggested in
Rose’s data (1977, Table 8) on olive baboons,
Papio anubis, where over one-quarter of the
adult males’ total time spent moving was spent
in locomotion not associated with feeding, a
figure substantially higher than the correspond-
ing figures for females (5-17%).

As a preliminary attempt to examine this
question further, I looked at only those moving
bouts bounded on both sides by bouts of feeding
on the most commonly eaten food, Sporobolus
kentrophyllus corms. This is the only such
classification that would yield reasonable sample
sizes for all animals, and is used here to estimate
the ‘search time’ within grassland food patches
for each of the five animals, These distributions
are shown in Fig. 8; note that due to the large
number of short bouts (<< 0.1 min) the scale of
the abscissa in Fig. 8 is not the same as in Figs
6 and 7. There are no significant differences
among the five animals with respect to either the
means (Anova; F = 2.04, df = 4,429, P > 0.10)
or medians (32 = 2.09, df = 4, P > 0.10) of the
distributions in Fig. 8. In addition, all distribu-
tions in Fig. 8 are significantly overdispersed.
Although not a complete test of the hypothesis,

Moving bouts between S. kenl}qoﬁyllus corms

__ Stubby ____Peter ___ Chp ____Preg Brush
(male} (male) (male} {female} (female)
Animai N ¢ Mean SE  Medion

100

Stubby 61 17#%(0) 015 003 008
Peter 63 5#%{(Q) 015 003 011
» Chip 25 2#%(0) 018 002 007
E Preg 116 74#*%(0) 022 004 007
2 “<. Brush 169 26##{0) 014 00! 009
] SN
&
g
€ 10p-
g
kS
g
5
2
E
=1
Q

1i | { 1
00 01 02 03

1\ a )
06 07 08

Duration {min)

Fig. 8. Survivorship functions of the durations of moving
bouts bounded on both sides by bouts of feeding on the
corms of Sporobolus kentrophylius. Note the change in
the scale of the abscissa. Labels as in Fig. 6.

this analysis suggests that the longer moving
bouts of males are not due to longer within-
patch search times.

Summary and Discussion
The major results of this study can be sum-
marized as follows:

1. The proportions of time spent feeding and
socializing vary significantly among the four
seasons, and are inversely correlated with one
another.

2. Significant interindividual variability was
detected in the proportions of time spent feeding,
moving, and socializing among the five focal
animals. None of the observed intersexual differ-
ences in activity proportions were significant.

3. No direct effect of environmental variability
(rainfall, temperature) on the mean proportion
of time spent in each activity state could be de-
tected.

4. Examination of the distribution of feeding
bout lengths showed that the feeding bouts of
males are, on the average, longer than those of
females and less consistent than those of females
with a model of the random termination of
bouts. Male feeding-bout-length distributions
tend to be ‘underdispersed’, in contrast to the
‘overdispersion’ of the female distributions.
These differences remain after controlling for
possible differences due to intersexual dietary
differences.

5. Moving bouts of males are longer than those
of females, and the results are consistent with the
hypothesis that a higher proportion of male
moving bouts involve long travelling between
widely spaced food patches.

6. Day-to-day variability in the amount of
time spent in each activity state during each hour
of the day is quite high, and a surprisingly small
number of significant diurnal patterns could be
detected.

Activity Proportions: Seasonal Variability

A comparison of the results of this study with
those of other studies of baboons is difficult,
largely because of differences in sampling
methodologies. It does appear that baboons in-
habiting relatively open grassland spend more
time feeding (409 to 509,) (Papio cynocephalus,
this study; P. anubis, Harding 1976 and Rose
1977; P. ursinus, Hall 1962 and Davidge 1978)
than baboons in more heavily forested environ-
ments (20% to 309%,) (P. anubis, Crook &
Aldrich-Blake 1968; Nagel 1973; Dunbar &
Dunbar 1974). Whether this is due to the higher
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nutritional quality of the fruits and flowers
available to forest baboons remains to be deter-
mined. Where seasonal variability in the pro-
portion of time spent feeding has been uncovered,
baboons spend more time feeding during periods
of low rainfall (this study; Nagel 1973; Davidge
1978); fluctuations in the nutritional quality of
available foods are again a possible, but as yet
unverified, cause of these seasonal differences
(see below). These observations support Nagel’s
suggestion that ‘baboon groups are highly
flexible in their activity patterns and capable of
adaptively responding to local and seasonal
habitat variants’ (Nagel 1973, page 139).

As Clutton-Brock (1977) has emphasized,
seasonal variability in time budgets is less likely
to be affected by climatic variation per se than
by seasonal changes in food availability; there-
fore, unless the nature of seasonal variability in
food availability is well understood, the presence
or absence of variability in the proportion of time
spent in different activity states may be difficult
to interpret. Quantitative assessment of seasonal
fluctuations in the total amount of food available
to the Amboseli baboons was difficult, largely
because of both the large number of different
food species utilized by the baboons and the
large size of Alto’s group’s home range (over
40 km2, Post 1978). Data presented elsewhere
(Post 1978 and in preparation) suggest that over-
all food availability is lowest during the long dry
season. During this period there was a decrease
in the diversity of the baboons’ diet, as over 409,
of their feeding time was spent on grass corms,
in addition to the increase in the proportion of
time spent feeding discussed earlier (Table III).
This increase during a period of presumed
lowered food availability contrasts with studies
of other primate species demonstrating a de-
crease, or no change, in the proportion of time
spent feeding during such periods (e.g Colobus
badius, Clutton-Brock 1974; Symphalangus syn-
dactylus, Chivers 1977; Cercocebus galeritus,
Homewood 1978 ; Propithecus verreauxi, Richard
1977; Alouatta villosa, Smith 1977; Cercocebus
albigena, Waser 1975). A possible explanation
for this finding may be that the time required to
harvest a given volume of food increases when
underground corms make up a high proportion
of the diet (see Harding 1976).

The proportions of time spent in the four
activity states form a mutally dependent set,in
that time spent in one activity is necessarily un-
available for the performance of others. As a
result, the statistical significance of the negative

correlation between time spent feeding and
socializing (p. 360) cannot be evaluated by the
usual methods. I would suggest, nonetheless,
that this inverse relationship may still have some
behavioural significance. It should be noted that
early morning and late afternoon socializing
peaks (‘social hours’; see Altmann & Altmann
1970) occurred only during those seasons with
relatively low proportions of time feeding (short
rains and inter-rains; Fig. 3 and Table 11I). Such
an inverse relationship would be expected where
feeding time was a function of some exogenous
variable(s) (e.g. the average nutritional quality
or handling time of available food), with socializ-
ing time a function of feeding time. Of course,
causation may flow in the reverse direction, with
exogenously imposed variability in time spent
socializing acting as a constraint on the amount
of time available for feeding. This is unlikely,
both because several studies have shown that
feeding takes precedence over social activities
during periods of extremely low food availability
(Hall 1962; Loy 1970) and because the Amboseli
baboons do not show pronounced mating
seasons during which the time spent in social
behaviours might be expected to increase irre-
spective of food availability at that time. How-
ever, the existence of this constraint on socializ-
ing time cannot be demonstrated unambiguously
with these data. Thus it is difficult to assess the
significance of, for example, the contrast between
the Amboseli baboons and the Papio anubis
population studied by Nagel (1973), where
‘increases in feeding go at the cost of resting’,
not socializing, on both a seasonal and diurnal
basis (Nagel 1973, page 147).

It is perhaps noteworthy that the general pat-
tern of seasonal variability reported for this
study corresponds quite closely to data obtained
during the next year (1975-76) by J. Altmann
on seasonal variability in the proportion of time
that the members of this same group spent feed-
ing and moving (J. Altmann 1980, Fig. 10). In
both studies there was a marked peak in the
proportion of time spent moving during
November through January (short rains), with
relatively low feeding percentages at this time,
and high feeding percentages during the dry
season, suggesting that these gross patterns, at
least, are relatively constant from year to year.

Activity Proportions: Individual Variability

We might expect adult males to spend a higher
proportion of their time feeding than adult
females: their maintenance metabolic require-
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ments are certainly higher due to their larger
size, and the energetic costs of their activity ap-
pear to be higher as well (Coelho 1974; Coelho
et al. 1979). That they do not do so appears to be
the rule, rather than the exception, even among
highly dimorphic species (see reviews in Clutton-
Brock (1977) (primates) and Leuthold (1977),
page 62 (ungulates)). While our data (Post 1978;
Post et al. 1980) suggest that adult males and
females ingest individual food items at similar
rates (see also Rhine & Westlund 1978), several
other factors may be involved, including possible
male priority of access to high-quality feeding
sites (Deag 1977; Dittus 1977; Post et al.
1980) and the increased metabolic demands of
pregnancy and lactation in females (Payne &
Wheeler 1968; Widdowson 1977; Demment
1978; J. Altmann 1980; Post 1980). The direct
effects of each of these factors on activity bud-
gets remain to be determined.

Diurnal Distribution of Activity

Insofar as the adaptive significance of diurnal
variability in primate activity budgets is only
poorly understood (Clutton-Brock 1977), it is
difficult to interpret the absence of significant
diurnal patterns in P. cynocephalus. Biphasic or
triphasic feeding patterns, with early or mid-
morning and mid- or late-afternoon feeding
peaks, have been commonly reported among
arboreal species (see reviews in Clutton-Brock
1977, page 548, and Rose 1974, page 202). In
contrast, the large-bodied, terrestrial primates
generally display less marked diurnal variation,
with feeding, in particular, occupying a rela-
tively constant proportion of the daylight hours
with the exception of an hour or so in early
morning and late afternoon (Papio anubis,
Aldrich-Blake et al. 1971; Nagel 1973; Harding
1976: Rose 1977; Papio ursinus, Davidge 1978
and Hall 1962; Theropithecus gelada, Crook &
Aldrich-Blake 1968; Dunbar & Dunbar 1974;
Iwamoto 1975). While the results from this study
tend to conform to the second pattern, as ex-
pected (see Altmann & Altmann 1970, page 94),
it should be noted that the technique of combin-
ing data from different days may obscure the
existence of activity peaks if day-to-day vari-
ability in the timing of those peaks is high
(Aldrich-Blake et al. 1971; Clutton-Brock 1974;
Schlichte 1978); this appears to be the case here
(Fig. 3). Nonetheless, any relationship between
the animals’ activity and either clock time or
activity during a previous interval is a weak one.

Although numerous factors are presumably
involved as determinants of diurnal activity pat-
terns, including diurnal variability in tempera-
ture and solar insolation (Chivers 1968, 1977;
Jarman & Jarman 1973; Lewis 1975; Richard
1977) and digestive physiology and morphology
(Leuthold 1977, page 61 ff.), I would suggest
that home range size as well as resource disper-
sion and predictability are involved as well. It
may be difficult for animals within highly mobile
species such as P. cynocephalus, with long day-
journeys and large home ranges (Altmann &
Altmann 1970; Post 1978), to adhere to an in-
variant diurnal activity pattern due to the
difficulty of consistently finding suitable areas
for periods of intensive feeding or resting at
specific times of day within the context of an
efficient overail foraging pattern. Critical en-
vironmental resources, such as sleeping sites,
waterholes, and food ‘patches’, are both highly
clumped and dispersed over an extremely large
area (S. Altmann 1974; Slatkin 1975); animals
such as the Amboseli baboons, and others facing
similar resource distributions, may face parti-
cularly difficult ‘scheduling’ problems compared
to animals facing more uniform resource dis-
tributions in smaller home ranges. The adaptive
strategy in such circumstances may involve a
high degree of behavioural flexibility with re-
spect to the timing of periods of intense activity;
groves of shade-producing trees may be suffi-
ciently dispersed, and the location of abundant
food resources sufficiently distant and unpre-
dictable, that adherence to a fixed schedule is not
possible. This distribution may be, in part, re-
sponsible for the general absence of conspicuous
diurnal patterns in this and other large-bodied
terrestrial species with their characteristically
long day-journeys and large home ranges.

Duration of Activity Bouts

Many of the differences between the male and
female feeding and moving bout distributions
can be attributed to an excess of longer-than-
expected bouts by males. This is reflected in (a)
generally greater intersexual differences between
means than between medians (Figs 6-8, Table
V), the mean being more sensitive to extreme
observations, and (b) the underdispersion and
longer ‘tails’ of the male distributions (Figs 6-8).
I have presented evidence (p. 369) suggesting that
male moving bout distributions contain a rela-
tively high proportion of long, between-patch
‘travelling’ bouts. I would further suggest that
the differences in feeding bout durations reflect
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differences between males and females in the
extent to which they are affected by within-
group competition for food.

Competition for food may be either direct,
involving threat or physical attack resulting in
supplantations at feeding sites, or indirect, in-
volving the decrease in ‘effective’ food patch
size and density resulting from the simultaneous
or sequential feeding of several animals in the
same patch (see S. Altmann 1974; Dittus 1977;
Slatkin & Hausfater 1977; Post et al. 1980).
We have demonstrated that adult males are
supplanted from feeding sites significantly less
frequently than adult females (Post 1978; Post
et al. 1980), presumably as a consequence of
their higher dominance rank (see Hausfater 1975).
However, we have also shown that this relation-
ship alone is unlikely to account for all interin-
dividual or intersexual differences in the distri-
bution of feeding bout durations (Post et al.
1980). These differences may therefore addition-
ally refiect the effects of indirect competition on
foraging animals.

Slatkin & Hausfater (1977) have suggested
that solitary males, spatially removed from the
main body of the foraging group, have longer
feeding bouts than group-living males as a result
of their relative immunity from this indirect
competition. Analogously, differences in spatial
"deployment between males and females within
the foraging group may underlie the intersexual
differences in feeding bout distributions des-
cribed in this report. The three adult males in
this sample often fed for long periods of up to
several hours while apparently out of visual
contact with other group members; neither of
the females ever did so. Dietary differences bet-
ween the sexes reflect this difference in foraging
patterns: males spent significantly more time
feeding on the gum of the fever tree, a highly
dispersed and unpredictable food source found
primarily on the periphery of the group’s range,
while females spent more time feeding on grass
corms, an abundant, predictable, and uniformly
distributed food (Post 1978 and in preparation),

In short, the two sexes may be employing
somewhat different resource exploitation strate-
gies. The ratio of costs to benefits for each
strategy may differ depending on an individual’s
sex, dominance rank, and age; different behav-
ioural profiles may therefore result even if each
individual chooses its ‘optimal’ strategy (see
Bertram 1978; Demment 1978). One strategy,
associated primarily with adult males, entails
periods of more or less independent foraging at

relatively great distances from other group mem-
bers. The benefits of such a strategy include the
avoidance of both direct and indirect competi-
tion for food, which in turn leads to a higher
probability of finding large, unexploited food
patches. Potential costs are more difficult to
assess; males engaged in such foraging excur-
stons often had to ‘backtrack’ if the future course
of group movement had been misjudged, thereby
incurring extra energetic costs, and often no
suitable feeding sites were actually located. In
addition, such excursions presumably increase
an individual’s chances of being attacked by a
predator, although in the absence of more direct
evidence that remains no more than a plausible
hypothesis.

An alternative strategy, associated primarily
with adult females, is somewhat more conserva-
tive and entails the maintenance of relatively
close proximity to other members of the foraging
group. The primary benefit here is likely tobe
greater predictability of locating suitable feeding
sites, since the group as a whole is likely to be
foraging in areas of relative abundance. The
primary cost is heightened competition for feed-
ing sites and the decreased likelihood of finding
large, unexploited food patches. This necessitates
more frequent (but shorter) moving bouts bet-
ween feeding sites of moderate abundance, and
shorter (but less variable) feeding bouts.

The cost/benefit ratio of the first strategy may
be lower for males than for females because of
(a) the males’ larger size, which may make a fatal
predatory encounter less likely, (b) the females’
need to conserve energy during pregnancy and
lactation and their unwillingness to pursue a
strategy with highly variable returns, or (c) the
risks for low-ranking animals of being sup-
planted from a valuable food source requiring
large inputs of time and energy to locate. It
should be emphasized that the above represent
a series of hypotheses to be tested in future work.
Such tests will require data on, for example, the
relationship between proximity to other animals
and likelihood of an encounter with predators,
the density of animals in proximity as a function
of age and sex, and the energetic consequences of
different exploitation strategies. Hopefully such
work will contribute to our understanding of the
nature of within-group competition for food and
of the differential responses of individuals to
that competition.
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