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Summary. A comparison of data on ranging, activ- 
ity budgets and frequencies of social behaviour 
gathered over a range of group sizes for an omniv- 
orous, forest-living monkey, the long-tailed ma- 
caque (Macaca fascicularis), showed that the 
length of the day journey, the time spent travelling 
and searching for dispersed food items, as well as 
social tension, show a monotonic increase with 
group size. A behavioural mechanism behind these 
patterns is the "puhing forward" effect: foraging 
animals tend to move away when approached by 
others, presumably because they reduce the avail- 
ability of dispersed food items in patches they have 
searched. By avoiding being overtaken animals are 
not forced to search in depleted patches. An alter- 
native mechanism, the limited capacity of fruit 
trees, does not operate in the present case. It is 
concluded that theories postulating feeding ad- 
vantages to be the primary factor favouring group 
living do not apply in this case. 

Introduction 

Several theoretical studies suggest that the avoid- 
ance of predation must have been an important 
selective force in the selection of group living in 
mobile animals (Hamilton 1971; Pulliam 1973; 
Treisman 1975; Taylor 1977). Empirical studies 
tend to support the idea that larger groups are 
better at detecting predators than small ones 
(birds: Hoogland and Sherman 1976; Bertram 
1978; ground squirrels: Hoogland 1981 ; forest pri- 
mates: van Schaik et al. 1983). This is in agreement 
with Alexander's (1974) speculation that predation 
pressure alone has been responsible for the evolu- 
tion of primate sociality, i.e. with respect to all 
other basic requirements of an individual, group 

living is disadvantageous. Recent reviews of the 
social evolution of primates, however, deny the im- 
portance of predation pressure, either explicitly 
(Wrangham 1979, 1980; see also Krebs and Davies 
1981), or implicitly (e.g. Raemaekers and Chivers 
1980). The question thus is whether primate groups 
are held together entirely by the external factor 
of predation risk, by internal factors favouring liv- 
ing in groups arising from cooperatively locating, 
harvesting or defending food, or by a combination 
of both. There has as yet been no systematic empir- 
ical investigation of this question. 

In this paper we concentrate on the procure- 
ment of food as the most important factor besides 
predation risk to determine an individual's fitness, 
thus ignoring the avoidance of disease and the 
availability of mating partners. Alexander (1974) 
suggested that the high level of (near-)physical con- 
tact caused by sociality is conducive for the spread- 
ing of contagious diseases, whereas Freeland 
(1976) suggested that the opposite holds true for 
vector-borne diseases. The availability of mating 
partners will usually not be related to group size. 

With respect to the procurement of food there 
are two main possibilities. The first is that feeding 
in a group enhances an individual's feeding suc- 
cess, because animals in a group are better at ex- 
ploiting and detecting food with a patchy and un- 
predictable distribution (Horn 1968; Ward and 
Zahavi 1973), can cooperatively defend their food 
sources or home range (Schoener 1971 ; Wrangham 
1980), can exploit their area more efficiently by 
optimising return times to patches depleted by ear- 
lier visits (Cody 1971), or have to spend less time 
watching out for predators, which leaves more time 
for feeding (Pulliam 1973). Most primatologists 
subscribe to the view that feeding in a group offers 
some advantages to the individuals involved (e.g. 
Eisenberg et al. 1972; Clutton-Brock 1974; 
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Wrangham 1980). The second possibility is that 
feeding efficiency will decrease monotonically with 
group size due to competition among group 
members (Alexander 1974). These possibilities are 
of course not mutually exclusive; it is, on the con- 
trary, likely that both processes operate simulta- 
neously: the question is whether the proposed ad- 
vantages for feeding are sufficient to outweigh the 
inevitable feeding competition in the range of sizes 
encountered among natural groups. 

Here we present the results of an investigation 
into the relation between group size, time budgets 
and frequencies of social behaviour in wild long- 
tailed macaques (Macaca fascicularis) and con- 
clude that Alexander's prediction that competition 
for food should show a monotonic increase with 
group size is confirmed in this species. 

Materials and methods 

Species and study area. We studied five groups of long-tailed 
macaques inhabiting the forest surrounding the Ketambe Re- 
search Station, which is located at about 350 m altitude in the 
upper Alas Valley (Aceh Province, northern Sumatra, Indone- 
sia; 3~ 97~ In this area, long-tailed macaques are 
highly arboreal, living in non-territorial multi-male groups of 
10 to 45 individuals. In Fig. 1 the approximate home range 
boundaries of the study groups in 1980/81 are indicated. Group 
A split off from T some time in 1978 or 1979, whereas group 
G split off from T around January 1981. Group A used an 
area that consisted to a large extent of young forest, rather 
low (up to 25 m) and poor in species, growing in a former 
river bed. Rijksen (1978) provides a general description of  the 
study area. From his data and our own counts of  two study 
groups it is estimated that the population's yearly rate of in- 
crease was about 6% over the past 10 years. The composition 
of the study groups is presented in Table 1. 

Apart from the present study the natural history of long- 
tailed macaques has been studied by Kurland (1973) and 
Wheatley (1980) in East Kalimantan (Borneo) and by Aldrich- 
Blake (1980) in West Malaysia. Although in many areas groups 
generally sprit into several foraging parties, in our study groups 
it was nearly always possible to recognize a main part of the 

Fig. 1. Map of the Ketambe study area with the approximate 
boundaries of the home ranges of the study groups, as of 
1980/81 

group, although the monkeys could be dispersed over more 
than 100 m. 

Methods. If differences between groups in time budgets and 
frequencies of social behaviour are to reflect differences in 
group size, the effects of other variables have to be minimized. 
Other sources of variation between groups are differences 1) 
in productivity between home ranges, 2) between months and 
years, 3) in the social situation of a group, 4) in habituation 
of the groups, 5) in forest structure and hence visibility of the 
monkeys, and 6) between different observers. The first three 
of these influence the time budgets and behaviour frequencies 
while the last three influence the accuracy with which these 
parameters can be measured. The data were collected by two 
pairs of observers. As to activity data it was found that within- 
pair reliability was very high but that between-pair reliability 
was rather poor. Hence, the activity data are presented sepa- 
rately. Sample sizes will be indicated in the relevant tables or 
figures. 

We have tried to minimize the effect of habitat quality 
by 1) comparing groups that inhabited adjacent ranges in the 
same continuous forest area, 2) comparing the same groups 
over two periods in which group size was different, 3) compar- 

Table 1, The composition of the study groups ( 'young '  are those less than 1 year of age, juveniles are up to 5 years of age, 
subadult males are 5-8 years of age, adult females are older than 5 years, adult males are older than 8 years) 

Group Date Adult c~ Adult 9 Subadult ~ Juvenile Young Group size 

A March 1980 2 4 2 1 1 10[  11 
A April 1981 3 4 1 2 2 12 J 
G May 1981 2 4 1 4 1 12 
K77 May 1977 4 7 5 6 2 24 
H77 May 1977 5 9 1 9 5 29 
K February 1980 5 9 2 10 5 31 31 
K May 1981 7 8 0 12 4 31 J 

H January 1980 5 9 1 12 5 32 1 
H May 1981 7 10 1 13 2 3 3 .  33a 
T May 1981 5 11 4 11 3 34 

Value was taken as 33, because there were 33 in the group for the greater part of the time 
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ing two groups that had recently formed from the fission of 
a large group and lived in greatly overlapping home ranges, 
and 4) comparing the same group on different days when differ- 
ent numbers of group members were present. 

Individual activities. Samples of individual activities were made 
by scanning the surroundings every fifth minute for exactly 
1 rain. For each animal detected in the scan (cf. Altmann 1974) 
we recorded its age-sex category, its activity, its height and 
its nearest neighbour (if within 5 m). This technique requires 
instantaneous recognition of an animal's activity, and individ- 
ual activities are therefore defined differently from those of 
the group as a whole (see below) as follows : 

Immobile: animal sits, lies or stands; Locomotion: walk- 
ing, jumping or climbing; Forage: handling and eating dis- 
persed food items (often insects); Eat: eating from clumped 
food sources, mainly fruit; Groom: both groomer and groomee 
scored as grooming; Social, other: playing, copulating, in- 
volved in agonistic interaction; Cling: (infants only) clinging 
to the mother. 

The total of activity records (' cling' excluded) of all age-sex 
categories of a group was used to compare different groups. 

Group activities. For each 5-rain period the main activities of 
the whole group were recorded. The score for each 5-min bout 
could consist of 1, 2 or 3 activities, weighed equally. Because 
indirect cues could also be used, group activities enabled us 
to keep a record of what the group as a whole was doing 
without seeing many monkeys. Group activities were defined 
as follows: 

Rest: group is stationary; individuals immobile, grooming, 
playing or eating from their cheek pouches; Travel: group is 
moving in a certain direction; Search: group is searching for 
dispersed food items; includes walking, standing and looking 
around for food items, as well as handling and eating them; 
Feed: group is eating from dumped food sources (usually 
fruit); includes walking, handling and eating the food. 

Presence of adults. After each hour we noted which of the 
known adult group members had actually been present in the 
group. Animals trailing far behind the main body of the group, 
although using approximately the same route, were not re- 
corded as present. All adult and subadult males of the five 
groups were known, but females were only known in the later 
stages, for groups A, K and H only. As it was impossible to 
keep records on the presence of immatures, in most compari- 
sons between groups we had to use the total group size (as 
established independently). 

Social behaviour. Grooming interactions were recorded whenev- 
er encountered. All agonistic interactions accompanied by vo- 
calisations were recorded. In groups A, K and H all interactions 
were recorded separately, for which both time (about 15 s, see 
de Waal et al. 1976) and space were used to separate interac- 
tions. In groups G and T only the number of minutes with 
screams, grunts or both of these vocalisations were recorded. 

Foraging protocols. Focal animal sampling (Altmann 1974) was 
applied by RdB and ldT to obtain continuous observations 
of searching animals and the influence of approaches by others 
on their foraging behaviour. Activities were defined as in the 
scan samples of individual activities. Foraging protocols were 
made during the morning hours when the occasion arose and 
usually ended because the focal animal walked out of sight. 
Recording was performed by means of a tape recorder in which 
a running commentary was given of all behaviour transitions. 
The event 'an individual approaches' was scorded the very sec- 

ond another individual entered the 5 m sphere around the focal 
animal, regardless of whether the approach was caused by the 
focal or the other animal. The data were collected in group 
H only, since this group was often fairly low in the canopy 
and best habituated to observers. 

Censuses. The composition of the study groups was known 
exactly. From February to April of 1980 till 1983 other groups 
in the surroundings were censused. Groups were recgnized from 
position and characteristic individuals and counted in the late 
afternoon when they came to the river to sleep. Estimates of 
group size and composition were used only when they had 
not changed after several repeated counts. Full details of 
methods and data will be published elsewhere (van Schaik, un- 
published data). 

Data sets. Data set I (MvN, CvS) contains a set of 239 complete 
days (for various analyses sample sizes are smaller) with data 
on group activity, ranging, presence of adults and social behav- 
iour of the groups A, K and H (January 1980 - May 1981) 
and of groups K and H (January - August 1977). Data in 
1980/81 were collected with alternating observers. In addition 
CvS collected individual activity records in A, K and H (March 

- June 1981) on separate days from group activities, mostly 
half days only. 

Data set II (RdB, IdT) contains a set of 24 complete plus 
24 half days with individual and group activities, ranging, pres- 
ence of adult males and the number of minutes with agonistic 
vocalisations of group G and T. These groups had greatly over- 
lapping ranges, the small group G being formed by fissioning 
from T (Fig. 1). 

Statisticalprocedures. Apart from day journey lengths, the vari- 
ables were not normally distributed (Fisher's test on normality 
using skewness and kurtosis, performed on daily percentages 
of group activities and frequencies of agonistic behaviour). 
Hence, for both individual and group activities non-parametric 
tests were employed and daily (or half-day) totals used as single 
observations. The results of individual activities are, however, 
presented as overall totals because these provide the best esti- 
mates of time budgets due to the great variation in daily totals. 
Statistical tests on the direct totals are not allowed because 
subsequent scans of individual activity appeared to be not stat- 
istically independent, as assessed from alternative data. 

For the two-group comparisons of data set II it was possi- 
ble to arrange the follow days of both groups in pairs on which 
Wilcoxon's matched-pairs signed-rank test (Siegel 1956) was 
performed. The days of a pair were at most two weeks apart, 
which eliminates the problem of a temporal trend (apparent 
in all data). The use of half-day data as an additional compari- 
son is justified because the differences between the groups on 
all afternoons were in the same direction as the differences 
found on complete days. 

For the multi-group comparisons of data set I the median 
values and the 95% confidence limits to the median (Colquhoun 
1971) were calculated. Where a large range of group sizes was 
available trends with group size were assessed using Jonck- 
heere's (1954) non-parametric test, which tests the null-hypothe- 
sis of no difference between k samples against the alternative 
that the samples are arranged in increasing (or decreasing) 
order. Where group sizes are distributed in a few, widely scat- 
tered clusters, with per cluster a few groups of about equal 
size, it was deemed most appropriate to use the Kruskal-Wallis 
one-way analysis of variance, which tests the same null-hypoth- 
esis as Jonckheere's test but against the general alternative that 
the k samples are not drawn from the same population. 

To investigate the effect of an approaching individual on 
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Fig. 2. Mean day journey length as a function of group size. 
Indicated are the 95% confidence limits for the mean. Sample 
sizes (days): A: 30; K77: 38; H77: 9; K: 54; H: 108; G: 
12; T: 12 

the activities of a focal animal in the foraging protocols, the 
difference in seconds of locomotion between the 10-s period 
before and the same period after the approach was subjected 
to the Wilcoxon matched-pairs signed-rank test. If within the 
20-s period around an approach another approach occurred, 
both observations were deleted. If there were series of overlap- 
ping 10-s periods, we used only the first approach. 

Results 

Day journey lengths 

Figure 2 shows that there was a clear and approxi- 
mately linear increase in day journey length (DJL) 
with group size. A rough regression analysis, con- 
sidering each group's average to be only one single 
observation, illustrates this: DJL (m)=873+ 
19.7 x group size (n=7, r=0.75, P-~0.05). Within 
groups the presence score of adults correlated posi- 
tively with DJL in group H (r=0.31, n=46 days, 
P<0.05) and in group K (r=0.13, n=12, N.S.). 
In the small group A, however, the relationship 
was negative ( r = - 0 . 3 7 ,  n=  19, N.S.), which sug- 
gests that subgroups in small groups travel further, 
probably in order to reunite before the night. If 
it is assumed that the adult presence score provides 
an estimate of total presence of group members, 
we can calculate the actual daily group size and 
thus combine data of different groups. This yields: 
DJL = 1120 + 20.7 x actual daily group size for the 
three groups (r=0.420, n=77, P<0.001). The 
scatter diagram (not shown here) suggests that the 
relationship is linear in this case as well. Thus the 
data clearly indicate that DJL shows a monotonic 
increase with group size. 

Group activities 

Figure 3 shows the median percentages of the 
group activities of the five groups of data set I. 
The percentage of time spent travelling and time 
spent searching both increased significantly with 
group size (Jonckheere's test, ~=0.255, z=3.89, 
P<0.001, and z=0.250, z=3.80, P<0.001, resp.), 
while time spent feeding and time spent resting 
decreased significantly with group size (~=0.329, 
z=5.01, P<0.001 and z=0.129, z=  1.96, P=0.05, 
resp.). As judged from the trend apparent in other 
groups, group A was somewhat deviant, feeding 
more and resting less than expected. It had a home 
range consisting in part of secondary forest and 
heavily used some species with either very small 
fruit (Villebrunea rubescens; an Urticaceae liana) 
or fruit that required a long handling time (Macar- 
anga spp. ; Glochidion sp.) these fruits were eaten 
less frequently by other groups even though they 
were also available. It is likely that social factors 
forced group A to use its area more intensively 
than other groups (e.g. Mitani and Rodman's 
1979, D index was 2.37 for A, vs 2.00 for K and 
2.04 for H) and hence to take more fruit (8.96 
species of fruit on average per day for A, versus 
6.43 for K and 6.25 for H; Kruskal-Wallis test, 
P<0.01). 

In the two-group comparison of data set II the 
differences in resting (significant), travelling (sig- 
nificant for half-days) and searching are in the 
same direction (Fig. 4), but the small group G 
spent somewhat less time feeding than group T 
(N.S.). Differences in time spent feeding reflect dif- 
ferences in intake only when feeding rates are simi- 
lar. Despite serious efforts only a single small sam- 
ple could be obtained in which feeding rates were 
collected in the same tree at the same day. The 
results suggest higher feeding rates for individuals 
of the larger group T (0.51 vs 0.22 and 0.08 fruits 
per second for individual adult females of T and 
G, respectively, and 0.54 and 0.50 vs. 0.43 and 
0.15 fruits per second for adult males). 

Hence, the data show that travel and search 
clearly increase with group size and that rest de- 
creases. Feeding time, however, shows different 
trends in the two data sets. The decrease with 
group size in data set I does not necessarily imply 
that fruit intake is lower in larger groups because 
of the possible compensation through higher feed- 
ing rates in those groups. It is clear, however, that 
time budgets are most favourable in smaller 
groups, because the most costly activities (travel, 
search) show an unambiguous, monotonic increase 
with group size. 
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Fig. 3. Median percentage of time spent in each type of group activity in relation to group size (data set I). Indicated are the 
95% confidence limits for the median. Sample sizes (days): A: 25; K77: 23; H77: 6; K: 44; H: 108 

Individual activities 

As to individual activities, the differences between 
the two groups of  data set II are all in the same 
direction as those in group activities (significant 
for immobile + groom and for social on complete 
days; also significant for locomotion on half-days). 
In data set I the differences between the three 
groups are extremely small, which relates to a sud- 
den increase in day journey length of  group A in 
April 198J following the change in leadership. The 
mean length of  half-day journeys during the 2 
months in which the data on individual activities 

were collected was highest for the smallest group 
(727, 650 and 689 m, for A, K and H resp.), con- 
trasting strongly with the data over the whole peri- 
od (Fig. 2). Despite the high proportion of  locomo- 
tion, group A still seemed to spend somewhat less 
time obtaining food and more time immobile plus 
grooming (none of  the differences significant, how- 
ever; Kruskal-Wallis test). 

Presence of adults 

The presence scores of adult group 
clearly decrease with group size (Fig. 5). 

members 
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Agonistic interactions 

N o  clear trend can be discerned in the five groups 
of  data set I as to the total daily number of  agon- 
istic interactions per group member. Because not 
all group members are present in the group each 
day, however, it is better to calculate the daily total 
of  agonistic interactions per member of  the group 
actually present. If it is assumed that the percent- 
age of  adults present can be extrapolated to the 
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Fig. 5. The median percentage of the daily maximum number 
of hourly presence scores of adults (and the 95% confidence 
limits) as a function of group size. Sample sizes (days) for 
males: A: 19, K: 26, H: 63, G: 7, T: 7. For females and total 
adults sample sizes are: A: 19, K: 12, H: 46 

total number of  animals present the average daily 
number of  agonistic interactions per group 
member present is 2.29 for the small group A and 
3.78 and 3.77 for the large groups K and H (taking 
the average over the whole period for agonistic 



interactions, presence percentage and group size). 
This difference can be tested by taking those days 
for which all these variables were available and 
is significant (Kruskal-Wallis test, H =  30.20, df= 
2, P<0 .001 ;  n=19 ,  8 and 45 for A, K and H 
respectively). 

In data set II the number of  minutes with 
screams and/or grunts was considered to be an 
indication of  the total number of  agonistic interac- 
tions with vocalisations. This number, divided by 
the number of group members, has a median of  
0.41 in the small group G (n = 24 mornings) and 
of 0.58 in the large group T (n = 21, Mann-Whitney 
U-test, U=197,  N.S.). The more severe interac- 
tions were considered to be characterized by the 
number of minutes with both screams and grunts. 
The median per group member was 0 in G and 
0.07 in T (Mann-Whitney, U=147.5,  P<0.02) .  If  
the actual percentage of  animals present in the 
group had been taken into account (Fig. 5), these 
differences would have been even larger. 

The combined data sets support the conclusion 
that animals present in larger groups are more of- 
ten involved in agonistic interactions. 

Grooming 

From a comparison of  the three groups in 1980/81 
of  data set I it appeared that both the total number 
of grooming bouts observed per day and the total 
number of  observed grooming-pair minutes were 
highest in the smallest group A (Kruskal-Wallis 
test, P < 0.05 in both cases). If  the lower presence 
percentage in the larger groups is taken into ac- 
count, this amounts to an enormous difference in 
the time spent grooming between large and small 
groups. In the smaller sample of  individual activi- 
ties no such difference was apparent. 

Data  set II reveals the expected differences also 
in the individual activity scores: the percentage of  
grooming was higher in the small group G than 
in T (Wilcoxon's matched-pairs test, T =  16, n = 13 
pairs, P <  0.05 for half-days; and N.S. but  in same 
direction for complete days). 

Neighbours 

The percentage of  individual activity records in 
which a neighbour was scored provides some indi- 
cation of  group cohesion. Differences between 
groups appear to be negligible. There are, however, 
consistent differences between activities: animals 
that forage are most often without a neighbour 
in all cases. These results suggest that individuals 
attempt to surround themselves with neighbours 
to the same extent in groups of  all sizes but  that 
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they tend to avoid the close proximity of  others 
during foraging (searching for dispersed food 
items). 

Foraging and neighbours 

The avoidance of  neighbours during searching may 
indicate that an individual's foraging success will 
be lower when it has to search in patches already 
covered by others. This implies that foraging effi- 
ciency decreases when other individuals are al- 
lowed to join at the foraging site or when the 
searching individual is getting behind, wich would 
happen if it allows others to overtake. Thus, if 
food depletion is an important factor we expect 
animals to leave when others encroach on their 
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Table 2. Young per female as a function of member of  females 
per group, based on yearly census counts made of groups of 
wild long-tailed macaques (Macacafaseicularis) 

Year Number  Slope r Average 
of  groups young/femaIe 

1980 10 -0 .0160  - 0 . 4 1 8  0.57 
1981 14 -0 .0242  - 0 . 6 3 5  a 0.26 
1982 18 -0 .0101 --0.295 0.70 
1983 14 +0.0102 +0.164 0.22 

a P<0 .02 ,  two-tailed 

foraging sites. The null-hypothesis, by contrast, is 
that an individual spends just as much time in loco- 
motion after the moment  that another individual 
approaches as it does before. To test this hypothe- 
sis several hours of  detailed protocols of searching 
individuals were collected. The results clearly show 
the effect of moving away from approaching neigh- 
bours (Fig. 6). The effect of social rank of the ap- 
proaching individual is small: focal animals moved 
as much or more after the approach of a higher 
ranking individual in 89% of  the (46) cases, while 
this happened in 77% of the (43) cases where the 
approaching individual ranked lower (Z2=2.44, 
N.S.). 

This 'pushing forward' effect can be inter- 
preted as the behavioural expression of competi- 
tion through local depression of food availability 
and is the most likely mechanism underlying the 
longer day journeys of larger groups. 

Birth rates per female 

Censuses were made when the young born the pre- 
ceding year were on average about 5 months old. 
Table 2 summarizes the aspects relevant to the 
present study. In 3 dut of 4 years the slope of 
the regression of the number of infants per adult 
female on the number of females in the group is 
negative, in I year significantly so. This suggests 
that females in larger groups give birth to fewer 
infants or that early infant mortality is considera- 
bly higher in larger groups. Assuming that most 
early mortality is caused by inadequate maternal 
nutrition rather than by predation, this indicates 
that adult females in larger groups are in poorer 
physical condition than those in smaller groups. 

Discussion 

The results of this study clearly show that among 
long-tailed macaques an increase in group size 
leads to less favourable time budgets: animals in 
larger groups have to expend more energy to ob- 

tain food. Likewise, social tension increases with 
group size, whereas tension-reducing interactions 
such as grooming decrease in frequency. All this 
suggests that in this case there is a monotonic in- 
crease in competition among group members with 
increasing group size overshadowing any possible 
feeding advantage to living in groups. Hence, the 
data do not contradict Alexander's (1974) hypoth- 
esis that in primates living in groups is maintained 
entirely by the safety against predation afforded 
by it. 

The stronger competition for food in larger 
groups leads to a reduction in the rates at which 
females give birth. This decrease in female birth 
rate with group size is apparent in the majority 
of primate species (review in van Schaik, in press) 
and suggests that primate groups are often larger 
than is optimal from the reproductive point of 
view. This is not to imply, however, that fitness 
is highest in the smallest groups, because predation 
risk may well decrease with group size (e.g. Pulliam 
1973). Indirect demographic evidence (van Schaik, 
in press) suggests that it does, but direct proof  
is still lacking. If survival is found to increase with 
group size there will be an optimum group size 
in which average fitness is maximal. This optimum 
size, however, is of course unstable as groups will 
quickly outgrow it, after which fissioning is likely. 
In the present study population, two such cases 
have been observed and others can be inferred. 
Fissioning must have occurred when the original 
groups numbered over 40 individuals, about the 
size at which time budgets will seriously run out 
of hand (see Fig. 3). An alternative to permanent 
fissioning is subgroup formation and this too is 
more common in larger groups (Fig. 5). Animals 
leaving the group on their own or in a small sub- 
group free themselves to a large extent of competi- 
tion and social interference but at the cost of in- 
creased predation risk (cf. van Schaik et al. 1983). 
Because the negative effects of competition will af- 
fect low-ranking individuals more severely, these 
animals are expected to leave the group more often 
and to be the ones that form a small break-away 
group (cf. Chepko-Sade and Sade 1979). 

In this study the "pushing forward" effect dur- 
ing searching for dispersed food items was sug- 
gested as accounting for the observed increase in 
time spent searching and travelling and hence in 
day journey length. Waser (1977 found that larger 
groups of mangabeys (Cercocebus albigena) had 
longer day journeys. He ascribed this to the limited 
capacity of fruit trees, which results in smaller indi- 
vidual meal sizes per visit. To compensate for this 
the monkeys have to visit more fruit trees each 
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day ,  thus  m a k i n g  longe r  d a y  jou rneys .  I t  is diff icult  
to  d is t inguish  be tween  these two  m e c h a n i s m s  by  
obse rv ing  d a y  j o u r n e y s  a n d  t ime budge t s  on ly :  
they  b o t h  lead to  m o r e  t ravel  a nd  it m i g h t  ei ther  
be a r g u e d  tha t  an ima l s  t ravel l ing  m o r e  in o rde r  
to  visit  m o r e  f rui t  trees acc identa l ly  search  m o r e  
o n  their  w a y  o r  t ha t  an imals  t ravel l ing  m o r e  in 
o r d e r  to  search  m o r e  e n c o u n t e r  m o r e  f rui t  trees. 
If,  however ,  it is f o u n d  t h a t  la rger  g r o u p s  o f  long-  
tai led m a c a q u e s  d o  n o t  visit  m o r e  frui t  trees t h a n  
smaller  ones,  this w o u l d  refute  the  p a t c h  size a rgu-  
m e n t  in the  p resen t  case. Because  some  species 
g r o w  in g roves  the n u m b e r  o f  trees visi ted per  day  
cou ld  n o t  be ca lcula ted .  H o w e v e r ,  since the ma jo r i -  
ty  o f  f rui t  species are  ra re  a n d  scat tered,  visi t ing 
m o r e  trees will inevi tab ly  lead to  us ing  m o r e  spe- 
cies. The re  was  no  re la t ionsh ip  be tween  the aver-  
age n u m b e r  o f  frui t  species ea ten  per  d a y  a n d  
g r o u p  size fo r  the c o m b i n e d  g r o u p s  o f  d a t a  sets 
I a n d  I I  ( r = - 0 . 1 4 ,  n = 7 ,  N.S.) ,  c o n t r a r y  to  the 
increase  p red ic t ed  by  W a s e r ' s  a r g u m e n t .  The  bes t  
e x p l a n a t i o n  fo r  the  inc reased  d a y  j o u r n e y  leng th  
in la rger  g r o u p s  o f  long- ta i l ed  m a c a q u e s  is there-  
fore  the ' p u s h i n g  f o r w a r d '  effect  resul t ing  f r o m  
the act ive a v o i d a n c e  o f  conspeci f ics  by  fo rag ing  
indiv iduals  because  the avai labi l i ty  o f  d i spersed  
f o o d  (ma in ly  insects)  is r e duc e d  af ter  a visit by  
a sea rch ing  m o n k e y .  
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