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Results o f  a lO-month study o f  the ecology and behavior o f free-ranging wool- 
ly spider monkeys (Brachyteles arachnoides) in Brazil show that these animals 
are strongly folivorous. LeaJ:eating accounted for  more than 50~'o o f  the 
total feeding time in all samples but one and accounted f o r  more than 80% 
o f  the total feeding time in three samples. Mature foliage was routinely eat- 
en. Woolly spider monkeys consistently spend more than 50% o f  each day 
quietly resting and sleeping. Animals travel little except when actively feed- 
ing and show low levels o f  social interaction. Such an activity profile sug- 
gests that woolly spider monkeys may often be living near the limits o f  their 
energetic resources. The social organization o f  the species is unusual fo r  a 
folivorous primate in that small groups o f  females and associated immature 
animals confine their activities to discrete home-range areas, whereas males 
are itinerant, traveling over the home ranges o f  various female groups. 
Animals sharing a common home-range area show no permanent daily pat- 
tern o f  association other than that o f  mother-dependent offspring. Forag- 
ing alone or with f ew  conspecifics should maximize each individual's returns 
f rom foraging by minimizing the day range that must be traveled each day 
to locate foods  while simultaneously lowering interference competition for  
higher-quality dietary resources. 
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INTRODUCTION 

Woolly spider monkeys (Brachyteles arachnoides E. Geoffroy 1806), 
with an adult body weight of 12,-15 kg, are the largest primates in the New 
World and the largest endemic mammals of Br.azil (Aguirre, 1971; S. Rod- 
rigues and J. C. Magaihies, personal communication). This genus is placed 
in the subfamily Atelinae, along with spider monkeys (Ateles) and woolly 
monkeys (Lagothrix). Unlike the latter genera, which are polytypic and show 
a wide geographical distribution, Brachyteles is a rare monotypic geograph- 
ic isolate, entirely confined to one restricted area of southeastern Brazil and 
currently threatened with extinction due to massive habitat destruction 
(Aguirre, 1971; Kinsey, 1982; Veja, 1982). Once estimated to number as many 
as 400,000 individuals, the total population may now consist of no more than 
200-2000 individuals, living in remote montane areas or in protected forest 
on private land (Aguirre, 1971; Veja, 1982; personal observation). 

Brachyteles individuals are buff-gold in color with darkly pigmented 
faces and extremities; they use the brachiating locomotor mode, lack a thumb 
on the manus, and have fully prehensile tails. Woolly spider monkeys show 
little or no sexual dimorphism in body size and animals of both sexes 
have canines scarcely larger than incisors (Zingeser, 1973; Kinsey, 1982; per- 
sonal observation). Data on the ecology and behavior of the species are almost 
nonexistent, and it has remained one of the most poorly known and least 
studied of the New World primates. 

STUDY SITE 

Between 5 August 1982 and 1 July 1983, my assistant, Carlos de Luc- 
ca, and I carried out a series of systematic observations on members of a 
woolly spider monkey population living in protected forest on a private ranch, 
Barreiro Rico, in Sao Pauio State, Brazil. This ranch, located at 22~ 
latitude and 48 ~ 11'10" longitude, elevation 480 m above sea level, contains 
3259 ha of forest, divided into five patches. All patches were repeatedly cen- 
sused for Brachyteles, and animals were located in three; the total Brachy- 
teles population for Barreiro Rico is estimated at 85-100 individuals, making 
it the largest known extant population of these rare animals. 

All systematic observations other than censusing work were carried out 
in a 422-ha forest patch, Sara, which I estimate contains approximately 45 
Brachyteles. Four other primate species occur sympatricaUy with Brachyteles 
in this forest (AIouatta fusca, Callicebus personatus, Cebus apella, and Cai- 
lithrix aurita), as well as a large number of other mammal species including 
deer, peccary, coati, squirrel, agouti, ocelot, and, on the forest periphery, 
puma. Over the years, some logging has taken place, particularly on the forest 
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periphery but also in some sections of the interior. The central portion of 
the forest, however, including the core area used by the habituated animals, 
consists of tall, primary growth, occasionally interspersed with second growth 
or patches of bamboo. Woolly spider monkeys show a clear preference for 
the older and taller areas of the forest, venturing into low areas primarily 
to feed on vines. To facilitate the study, over 19,000 m of trail, laid out in 
200 x 300-m sections, were cut through the forest and mapped to scale. 

The study area is characterized by a rainfall pattern which divides the 
year into approximately 6 months of intensive rain and 6 months of notably 
lesser rainfall. As calculated from 20 years of daily rainfall collection (Fig. 
1), the average annual rainfall for Barreiro Rico is 1262.96 mm (SE, 241.13 
ram). Most rain (> 120 mm/month) falls between October and March; the 
two wettest months of the year are December and January, with > 200 mm 
of rainfall per month. Less rain (< 75 mm/month) falls from April to Sep- 
tember, with the two driest months of the year being July and August, with 
< 35 mm of rain per month. The annual temperature generally ranges be- 
tween 35 and 8~ cooling noticeably at night. Frosts, with temperatures 
near 0~ occur occasionally. 
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Fig. 1. Mean monthly rainfall 1961-1981, Barreiro Rico, Brazil 
Note: Monthly rainfall for 1982 indicated by circles and line; 
monthly rainfall for 1983 indicated by triangles and line. 



494 Milton 

~-  ~ e,l e ~ l ~  ~ ~ ~ ~ e . ' ~  ~ r-- e~ ~ ta-. r.'~ ~ ~qf. 

~i I I ~ ~ ~ ,~C~ c; 0 0 0 ~ C ~  ~ --; .~ o~ 

,~ ~ ._ 
~ E  . . . ~  ~ ~ .~-~" 

= ,~ .= ,~ -~ ,~ ,~ ~ -~ ~ ~ ~ .., 
o .  = ~ ~ ,~  - -  o �9 ,- 

~.~ ~ ~ .- . ~ :  = ==,,= .= ,,, , ~ u  

~ . ~  ~ ~ ~ ~ ~ .  o "I "~ ~ ".- .-, ~ ~ ~ 



Habitat, Diet, and Activity of Woolly Spider Monkeys 49S 

~Z =" 

~ .  ~ c ~  ~ ~ - ~  . 

~ - . ~  ~ , ,  "~. 

-.. ~ .~_~ ~.~. .~.~,~ ~ ,~ 



496 Milton 

POTENTIAL FOOD SOURCES 

Habitat. The limited geographical range of woolly spider monkeys in 
comparison with both spider and woolly monkeys suggested that they might 
have very specific habitat requirements. Thus I was particularly interested 
in collecting data on forest composition and phenological patterns of forest 
trees. The semideciduous forest characteristic of Barreiro Rico once extend- 
ed over large areas of Sao Paulo State as well as Minas Gerais and Goias 
(H. de F. Leitao, personal communication). Today, little remains of this 
forest. In Sao Paulo State, for example, only an estimated 4% of the origi- 
nal precontact forest cover is still in existence (Veja, 1982). The Barreiro Rico 
forest is believed to be representative of the original forest type once prevailing 
in this geographical region (H. de F. Leitao, personal communication) and 
inhabited by woolly spider monkeys (Aguirre, 1971; Kinsey, 1982). 

Forest Composition. To sample forest composition, all stems _> 19 cm 
diameter breast height (DBH) in each of three l-ha, noncontiguous forest 
plots were located, measured, tagged, and in most cases identified as to spe- 
cies (Table I). Two plots were in mature forest areas of Sara and one plot 
was in a mature forest area of Viraeiro, a nearby 61 l-ha forest patch, also 
inhabited by Brachyteles. Results of combined data from this sample show 
an average of 194.7 • 19.4 (SD) stems ~ 19 cm DBH per hectare. Com- 
bined data (30,000 m 2) show a total of only 46 tree species (X per hectare 
= 30.0 4- 2.65). Members of Euphorbiaceae and Lauraceae are particularly 
well represented. Seven species accounted for > 65c70 of the total tagged stems 
in the combined data, and one species alone, Securinega guaraiuva (Euphor- 
biaceae), accounted for 23.5r This forest type therefore is considerably 
different from that characterizing most moist lowland forest areas of South 
and Central America, which typically show a very high species diversity and 
low densities of individual species. For example, a total of 350 stems (> 15 
cm DBH) representing 179 species was found in a single 1-ha forest plot near 
Manaus, Brazil (Prance et al., 1976). In central Panama, older areas of moist 
lowland forest show an average of 171 stems (~  19 cm DBH) and 56 species 
per hectare (Milton, 1980). The low species diversity and strong species 
dominance characteristic of the Barreiro Rico forest lower the potential 
dietary diversity for primary consumers living in this forest. 

The relative paucity of tree species in this forest type is offset to some 
degree by a number of vine species growing in the tree crowns. Examination 
of 200 tagged trees from the two sample quadrats in Sara forest (100 trees 
per quadrat selected by drawing random numbers) showed that 85 and 88%, 
respectively, contained at least one vine species and 19 and 25%, respective- 
ly, contained three or more. Destructive sampling of three vine tangles (three 
tangles cut down and all vine species growing in each counted) gave a total 
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of 15 vine species (X number of vine species per tangle = 7.7 4- 0.6). The 
precise number of vine species in the forest is unknown but is surely in ex- 
cess of 30. Vine species include a minimum of 10 Bignoniaceae and one or 
more Leguminosae, Dilleniceae, Hippocrateaceae, Cucurbitaceae, and Sapin- 
daceae as well as other vine families and various aroids (Araceae), particu- 
larly Philodendron sp. (H. de F. Leitao, personal communication). 

Phenology. To monitor changes in the relative availability of seasonal 
plant foods from canopy tree species, 125 trees, representing a total of 36 
species, were examined every 10 days from 14 August-4 December 1982 for 
new leaf, flower,and fruit production as well as the presence/absence of ma- 
ture leaves. In all, 12 such samples were taken. These were divided into two 
data sets, set A, the first 6 samples (14 Aug.-4 Oct.), and set B, the last 6 
samples (14 Oct.--4 Dec.). Theoretically, according to the standard rainfall 
patterns for this geographical region, set A should represent conditions in 
the forest during a drier portion of the year than set B (Fig. 1). In actuality, 
this was the case during the study, although June, typically a month of low 
rainfall, was unusually wet in 1982, perhaps triggering some flushing/flower- 
ing activities slightly earlier than normal. Data from set A show that in Au- 
gust-September, 36% of the tree species sampled had only mature leaves, 
56% had at least some flush, 25% had flowers, and 28% had fruit. In set 
B, October-first week December, every species in the sample (100%) showed 
some evidence of phenological activity. Seventy-eight percent of the species 
in set B produced at least some new leaves, 61% flowers, and 36% fruit. 

Vine species were not monitored for phenological activity. However, 
data from the destructive sampling activities mentioned above show that in 
September, 47 % (seven species) of the vine species counted had only mature 
leaves and 53070 (eight species) had some new leaves and/or flowers. In 
November, of I0 vine species examined, 100~ had some new leaves and 1 
also had flowers. 

Leaf fall in the forest was monitored from 14 August to 14 December 
by means of six 1-m 2 litter traps that were examined and cleaned every 2 
weeks. Leaf fall was generally high during all of September and October, 
peaking sharply between 14 and 29 September, with an estimated 802 
leaves/m 2. Between 14 and 29 October, litter fall was estimated at 477 
leaves/m 2. By late November-early December, (29 Nov.-14 Dec.), leaf fall 
had slackened considerably and was estimated at only 100 leaves/m 2. 

Thus data both from phenological monitoring of tree species and from 
litter fall show that this study began during the time of year when phenolog- 
ical activity in the forest was low and progressed into a period of high leaf 
drop, high leaf flush, and notable flowering activity. By December, however, 
leaf fall, leaf flush, and flowering activities had begun to taper off, various 
species had set fruit crops, and a few species had ripened fruit crops. 
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METHODS 

Study Subjects. The first weeks of the study were spent habituating 
woolly spider monkeys in Sarfi forest so that they would remain calm in the 
presence of human observers. Though woolly spider monkeys have not been 
hunted in the Barreiro Rico forests for many decades, they still fear humans 
and rapidly flee from them. For 15 days, my assistant and I followed animals 
living in the western area of the forest until several individuals ceased to panic 
whenever we appeared. These individuals, in turn, had a calming effect on 
other individuals. Systematic data collection was not started until this core 
group of woolly spider monkeys was habituated enough for accurate obser- 
vations. At the end of the first sample period (22-27 August), animals were 
sufficiently habituated so that we could walk directly under them and speak 
in a normal tone of voice without causing alarm. Our habituated animals 
consisted of three adult females, two subadult females, one juvenile, and 
one infant estimated to be no more than a few months old. These animals 
were often accompanied by one or two subadult males and occasionally by 
various fully adult males. 

Woolly spider monkeys have a fluid grouping structure previously as- 
sociated with strongly frugivorous primates, particularly chimpanzees and 
spider monkeys. The only permanent daily association pattern is that of 
mother--offspring. Small groups (three-five) of females, their immature off- 
spring, and one or two subadults occupy discrete portions of the forest (home 
range) and can be encountered repeatedly month after month within their 
particular areas. In contrast, subadult and adult males are itinerant and travel 
through the forest, either alone or in all-male groups of up to eight individu- 
als, apparently searching for estrous females. During this study, a variety 
of different males continuously entered the home range of our habituated 
females and associated with one or more of them for periods lasting from 
a few minutes to over a week before traveling away into other sections of 
the forest. For this reason, observations are biased in favor of females since 
they were observed much more consistently than males. The unusual social 
structure of this species is discussed in detail in another paper (Milton, in 
preparation). 

Diet and Activities. Data on the diet and activities of woolly spider mon- 
keys were collected during a series of samples, spaced as indicated in Table 
II. For convenience, activities were divided into four mutually exclusive 
categories-feeding, resting, traveling, and other (calling, social behavior, 
mating behavior, etc.). On each sample day, from 0630 until 1830 hr, the 
activity being performed by each visible woolly spider monkey was recorded 
at 5-rain intervals. Each of these was counted as an activity record for the 
corresponding 5-rain interval. Percentages for each activity-feeding, rest- 
ing, traveling, and other--were then calculated in relation to the total activi- 
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Table 11. Average Percentage Feeding Records p~r Sample Day Devoted to 
Different Dietary Categories (X 4- SD) 
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Sample period Leaves Fruit Flowers 

22 Aug-27 Aug. (N = 6 
12-hr sample days) 

11 Sept.-17 Sept. (2 groups 
16 Sept.; N --- 7; no data 
12 Sept.) 

29 Sept.-3 Oct. (N = 5) 
15 Oct.-20 Oct. (2 groups 

17, 19, & 20 Oct.; N = 9 
31 Oct.-Nov. 6 (N = 7) 
16 Nov.-22 Nov. (2 groups 

18 Nov.; N = 8) 
I Dec.--6 Dec. (N = 6) 
4 Jan.-9 Jan. (N = 6) 
25 Mar.-30 Mar. (N = 6) 
26 Apr.-1 May (N = 6) 
26 May-29 May 
27 June-I  July (N = 4) 

74.7 4- 8.1 

91.4 4- 9.6 
80.6 4- 12.7 

92.7 4- 9.8 
51.4 4- 11.1 

62.3 4- 16.1 
61.2 4- 17.2 
56.5 4- 5.0 
41.2 4- 10.4 
68.8 4- 9.5 
69.5 4- 11.3 
54.4 • 12.4 

12.5 4- 8.5 12.8 4- 4.4 

7.3 4- 6.6 1.3 4- 3.4 
5.2 4- 4.6 14.2 4- 9.3 

4.2 4- 8.4 3.1 4- 5.6 
26.4 4- 11.1 21.9 4- 8.2 

10.4 4- 9.8 27.6 4- 15.6 
5.5 4- 7.9 33.5 .t- 18.2 

28.5 4- 8.0 16.3 4- 14.2 
58.8 4- 10.4 0 
31.2 4- 9.5 0 
30.5 4- 11.0 0 
29.6 4- 6.3 15.8 4- 12.3 

ty record for each 5-min interval. These percentages were added together and 
divided by the total number of 5-min intervals in each sample day (144 inter- 
vals per 12-hr day), to arrive at the percentage of time spent at each activity 
(see also Milton, 1980). Only full sample days (12 hr of observation) were 
used for this purpose (in all, 75 days or 900 hr). Occasionally, as indicated 
in Table II, while one observer followed the habituated animals, the other 
followed woolly spider monkeys living in another section of  the forest. In 
this way, some additional full days and many partial days of observation 
were also collected on the behavior of other less habituated woolly spider 
monkeys. These data are in full agreement with those collected on habituat- 
ed animals. 

Feeding time included the inspection of food, bringing it to the mouth, 
biting, chewing, and swallowing. Whenever an animal was feeding, the food 
species (when known) and the food category (leaf, fruit, flower) were recorded 
as well as the relative maturity of the dietary item (young leaf, mature leaf, 
unripe fruit, and so forth) and the portion consumed (bud, petiole, leaf tip, 
and so forth). To calculate the percentage of feeding time spent on different 
food species and categories, I related the feeding activity records for each 
food category and species to the corresponding activity records for the 5-rain 
intervals and proceeded as described above (see also Milton, 1980). The result- 
ing percentages were divided by the percentage of  total time spent feeding 
in the sample days to get estimates of  the time spent on each food species, 
category, and part. 
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In addition to this systematic sampling data, 7-10 days per month be- 
tween 5 August and 7 December were spent censusing woolly spider monkeys 
in forests on Barreiro Rico. During censusing work, group composition and 
locale were recorded, as well as any food items seen eaten by these monkeys. 
In all, during the total study period, in excess of 1200 hr of direct observa- 
tion was carried out on the activities of the Barreiro Rico Brachyteles popu- 
lation. 

RESULTS 

Diet 

Food Categories. Woolly spider monkeys are entirely primary con- 
sumers and feed exclusively on plants. Animals were not observed to eat any 
foods from the second trophic level during the entire study period. Plant 
foods included leaves (both young and mature), fruits (generally unripe but 
occasionally ripe), and flowers (both buds and open flowers). Foods from 
these three categories were taken from both tree and vine species; leaves, 
petioles, or fruits were also eaten from hemiepiphytes and aroids. Woolly 
spider monkeys are wholly arboreal and were never observed to come to the 
ground to feed. Tree species used as preferred food sources tended to be 
among the largest and tallest in the forest. Vines were eaten from trees of 
all heights, and monkeys frequently moved into areas of low second growth 
on the forest periphery to feed on the copious vines growing in huge tangles 
in these sunlit areas. 

Leaves. Overall, woolly spider monkeys devoted the overwhelming 
proportion of their feeding time during the entire sample to eating leaves 
(Table II). As shown in Table II, leaf-eating accounted for > 50% of the 
total feeding time in all but one sample period, and in three samples leaf- 
eating accounted for > 80- > 90~ of the total feeding time. Overall, con- 
siderably more feeding time was devoted to immature than to mature foliage 
(Table III). However, mature leaves, particularly mature leaves from three 
tree species (Xylopia brasiliensis, Mouriri sp., and Aspidosperma peroba), 
were important dietary constituents, and leaves from one or more of these 
three species (generally mature, occasionally young) were included in the diet 
on 860  of all sample days. Xylopia brasiliensis has a relative density of only 
0.3070 and is a rare species, yet its leaves accounted for 11 070 of the total feeding 
time during the sample (all food categories) and it was by far the most im- 
portant tree leaf source and was the only tree species used for continuous 
leaf-eating bouts lasting as long as an hour or more. Leaves from Mouriri 
sp. accounted for 5070 of the total feeding time (relative density of Mouriri 
sp., 5.1%), and leaves from A. peroba for 2070 of the total feeding time (rela- 
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Table 111. Median and Range of Leaf-Eating 
Records per Sample Devoted to Mature Foliage 

(Percentage)" 

Sample dates b Median (%) Range (%) 

22 Aug.-27 Aug. 28 18-70 
11 Sept.-17 Sept. 33 18-.51 
29 Sept.-3 Oct. 32 16-53 
15 Oct.-20 Oct. 48 6-62 
31 Oct.-6 Nov. 26 0--49 
16 Nov.-22 Nov. 27 4-31 

i Dec.-6 Dec. 53 24-80 
4 Jan.-9 Jan. 31 15-52 

25 Mar.-30 Mar. 27 15-44 
26 Apr.-I  May 31 28-67 
26 May-29 May 49 42-61 
27 Junr July 45 15-71 

"Total number of records per day scored for mature 
leaf-eating divided by total number of records 
scored for eating leaves per sample day. Minimum 
estimates-leaves known to be mature vs all 
leaves eaten per day, including leaves of unknown 
maturity. 

bNumber of sample days per sample period as 
indicated in Table II. 
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tire density of A. peroba, 2.9%). In contrast, extremely abundant tree spe- 
cies such as Securinega guaraiuva (relative density, 23.5~ and Esenbeckia 
leiocarpa (relative density, 14.6%) accounted for only a trace amount of 
foliage in the diet. Indeed, overall, in terms of tree species used as leaf sources, 
with the exception of the three preferred species cited above and several spe- 
cies of Lauraceae (two Ocotea spp. and one unknown species) which were 
fed on sufficiently frequently to be recognized, most other canopy tree spe- 
cies used as leaf sources contributed little to daily feeding time (generally 
< 5 rain per day per species used). 

As shown in Table IV, a considerable proportion of the total feeding 
time per sample was devoted to eating vine leaves, generally young but 
occasionally mature. Unfortunately, the vines used as leaf sources could not 
be identified as to species both because of a lack of botanical information 
and because of the tendency for many vine species to occur in the canopy 
in large clusters, making it difficult to discern from below which leaves were 
actually being eaten. As a food category, however, vine foliage is an impor- 
tant dietary resource for woolly spider monkeys, and in some samples vine 
leaves accounted for as much as 37-47% of the total feeding time. 

Fruits. In 6 of the 12 samples, fruit-eating accounted for < 15% of 
the total feeding time. It is noteworthy that fruit, particularly ripe fruit, is 
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Table IV. Percentage Total Feeding Records per Sample Period 
Scored for Vine Leaves Plus Median and Range Per Sample" 

Ws Total feeding records Median Range 
Sample dates b scored for vine leaves (We) (%) 

22 Aug.-27 Aug. 32 31 18--46 
11 Sept.-17 Sept. 35 35 29-39 
29 Sep.-3 Oct. 40 39 24-52 
15 Oct.-20 Oct. 47 37 22-58 
31 Oct.-6 Nov. 23 27 13-28 
16 Nov-22 Nov. 38 32 22--40 

1 Dec.-6 Dec. 11 12 8-28 
4 Jan.-9 Jan. 31 37 16-47 

25 Mar.-30 Mar. 37 32 23--48 
26 Apr.-I  May 33 29 19-54 
26 May-29 May 21 25 21-27 
27 June-I July 13 11 4-25 

"Percentage total feeding records spent eating vine leaves calculated by 
summing all 5-rain intervals scored as feeding on vine leaves and 
dividing this figure by the total number of 5-rain intervals scored 
for feeding for the total sample period. Medians and ranges represent 
the daily scores-5-rain intervals scored as feeding on vine leaves 
divided by the total number of 5-min intervals scored as feeding per 
sample day. 

bNumber of sample days per sample period as indicated in Table I1. 
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generally an extremely rare commodity in this forest. In March, however, 
an average of 58.8070 of the daily feeding time was spent eating fruit. In this 
sample, animals concentrated most fruit-eating on immature fruit of Esen- 
beckia leiocarpa. This species has a relative density of 14.6~ which helps 
to explain why the percentage of time devoted to fruit-eating in this month 
was unusually high. Although several fruit species were eaten in each sam- 
ple period (Table V), generally such fruit was taken from rare tree or vine 
species and was eaten unripe. Between August and December, only one tree 
species, Myrciaria sp. (relative density, 0.3%), an understory tree, produced 
what could be described as a notable fruit crop. Woolly spider monkeys en- 
tered the trees while the fruit was still green, eating quantities of it and knock- 
ing hundreds of other fruits to the ground. When feeding, animals bit through 
the tough outer portion of the fruit and discarded it, chewing and swallow- 
ing only the immature seeds and surrounding white matrix. Woolly spider 
monkeys were also voracious seed predators on immature fruits of Inga stri- 
ata and Pachystroma ilicifolium. They chewed seeds of Esenbeckia leiocar- 
pa, but many of these apparently were defecated intact. The animals also 
served as seed dispersal agents for Mouriri sp., two species of Ficus, and an 
unidentified species of Myrtaceae. 

Flowers. As a dietary category, flowers are a more seasonal resource 
for woolly spider monkeys than either leaves or fruit. In three sample peri- 
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Table V. ,~Day Range and Number of Food Species Eaten per Sample 
Period 

Species (total, median, and 
range per sample period) 

Day range 
Sample period (X = SD) Tree leaf" Fruit Flower 

22 Aug.-27 Aug. b 678.0 • 149.6 13 5 4 
5.5 0 1 
5-8 001 1-2 

11 Sept.-17 Sept. 750.0 4- 158.1 10 3 I 
7 0.5 0 
3-10 001 0-1 

29 Sept.-3 Oct. 680.0 4- 182.4 I0 3 5 
6 I 2 
4-10 0~ 2-4 

15 Oct.-20 Oct. 568.7 • 201.7 9 3 2 
5 0 I 
4-8 O-I 001 

31 Oct.-6 Nov, 814.3 4- 267.0 14 3 4 
5 2 ! 
2-8 I-3 I-3 

16 Nov.-22 Nov. 700.0 • 300.0 II 5 8 
4 3 3 
2-8 0--4 1-5 

I Dec.-6 Dec. 314.5 4- 138.1 9 4 6 
6 1.5 3 
5-6 002 I--4 

4 Jan.-9 Jan. 566.7 • 60.6 9 3 4 
2.5 2 ! 
2-6 2-3 003 

25 Mar.-30 Mar. 618.7 4- 78.6 4 3 0 
1 2 0 
001 1-3 0 

26 Apr.-I May 656.7 • 90.7 7 5 0 
4 3 0 
1--4 1-3 0 

26 May-29 May 522.5 • 148.8 3-5 1 0 
2 I 0 
1-3 1 0 

27 June-I July 690.0 • 101.6 9-10 4 I 
2 3 I 
1-5 2--4 I 

"Vine species omitted from all leaf calculations but not fruit and flower 
calculations, since it was possible to distinguish vine flowers and 
fruits as to individual species but generally impossible for foliage. 

bN's as indicated in Table II. 

$03 

ods ,  no f lowers  were  ea t en  (Tab le  II) ,  and  in t w o  o the r  s a m p l e  pe r iods ,  f lower -  

ea t ing  a c c o u n t e d  f o r  < 4 %  o f  t he  t o t a l  f e e d i n g  t ime .  D u r i n g  N o v e m b e r  a n d  

D e c e m b e r ,  h o w e v e r ,  f l o w e r s  a c c o u n t e d  fo r  28-3307o o f  t h e  to t a l  f e e d i n g  t ime .  

N o t  on ly  w e r e  t h e r e  a n u m b e r  o f  f l o w e r  species  a v a i l a b l e  in t h e  . forest  d u r -  

ing  this p e r i o d ,  b u t  s eve ra l  o f  t hese  species  e i t he r  p r o d u c e d  v e r y  a b u n d a n t  
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flower crops or produced flower crops over a period of weeks such that 
animals could repeatedly exploit them. In early November, an unidentified 
and fairly common vine (Bignoniaceae) produced a substantial crop of yel- 
low flowers that were heavily exploited for several days by woolly spider mon- 
keys. For all of November, lasting into December, two tree species-Duguetia 
lanceolata (relative density, 4.207o) and an unidentified and rare species of 
Lauraceae -- produced flower buds and flowers that were heavily eaten by the 
monkeys. Toward the end of November, lasting into December, Croton 
floribundus (relative density, 2.707o) began to produce flower buds and flowers 
and accounted for 12~ of the feeding time in the 16-22 November sample and 
23o70 of the feeding time in the I-6 December sample. Individuals of Croton 
floribundus occur in clumps and, for this reason, may be particularly worth- 
while to exploit, since travel to an area where there is one C. floribundus 
usually gives animals from two to five other individuals of this species to 
exploit as well. 

Time Spent Feeding Per Food Category. There were notable differences 
between sample periods in the amount of feeding time animals devoted to 
different food categories (Table II). In the first four sample periods, cover- 
ing August, September, and October, by far the greatest amount of feeding 
time was devoted to leaves. By early November, animals had begun to de- 
vote considerably more time to eating flowers and somewhat more time to 
eating fruit. By March and April, fruit had become of considerable impor- 
tance in terms of  its overall contribution to total feeding time, but flowers 
were not eaten at all. This pattern of  food exploitation strongly parallels 
production patterns of the tree species in the forest. As shown in Fig. 1, the 
two driest months of the year in this geographical region are usually July 
and August. Rainfall increases in September, becoming heavy in October. 
As noted, in 1982, June was an unusually wet month (Fig. 1) and this may 
have precipitated some phenological activity, particularly leaf flush, some- 
what earlier than usual. However, the fact that leaf fall peaked sharply in 
the latter half of September, right about the time when the heavy rainfall 
is generally expected to begin, indicates that, in general, phenological patterns 
were not greatly altered by an unusually wet June. Data collected on the 
phenological activities of trees from mid-August to early December show 
that the most intense new leaf production as well as flowering activities and 
fruit setting took place during the October-December portion of the pheno- 
logical sampling program, not the August-September portion. Overall, wool- 
ly spider monkeys appear to be strongly opportunistic feeders, tracking the 
relative availability of seasonal dietary resources and using the edible seasonal 
foods of  different dietary categories as they become available. Young vine 
leaves, very abundant in second-growth areas on the forest periphery, and 
the mature leaves of select tree species serve as dietary buffers, helping to 
carry animals through portions of  the year when most seasonal plant foods 
are in scant supply. 
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Sample dates h Rest Travel Feed Other  

1982 
22-27 Aug. 63.0 + 6.1 8.4 • 2.8 26.0 + 5.0 2.6 • 5.0 
11-17 Sept. 62.4 • 3.1 11.3 • 2.5 24.4 • 3.7 2.0 • 1.0 
29 Sept.-3 Oct. 63.8 • 5.6 9.0 • 3.2 26.4 + 4.3 1.4 + 0.6 
15-20 Oct. 63.4 • 6.2 9.6 • 3.3 26.5 • 6.1 1.3 • 0.5 
31 Oct .-6 Nov. 60.6 • 3.6 11.2 • 2.1 26.4 • 3.9 2.1 • 0.8 
16-22 Nov. 64.1 + 6.5 8.2 • 2.8 26.1 • 7.0 1.7 • 0.8 
I-6 Dec. 54.5 • 4.1 6.7 • 2.0 35.7 • 6.4 3.0 • 2.7 

1983 
4-9 Jan. 67.2 • 4.8 7.8 • 2.9 24.7 • 1.8 0.8 • 0.4 
25-30 Mar. 66.0 • 4.5 8.2 • 1.7 25.2 • 3.3 1.3 • 0.8 
26 Apr . - I  May 57.8 • 4.3 12.2 • 1.6 29.2 • 3.7 1.0 ~: 0.2 
26-29 May 56.8 • 1.7 11.5 • 2.5 29.3 • 1.9 1.4 • 0.7 
27 June- I  July 52.8 • 1.6 12.8 • 1.3 33.4 • 2.5 0.9 + 0.7 

",~ • SD of  summed percentages per 12-hr sample day for each sample period. 
hNumber of  sample days as indicated in Table II. 

Activity Patterns 

Rest. Activity patterns for each sample are presented in Table VI. These 
data show that woolly spider monkeys spend an average of at least 6 hr per 
day resting. The standard deviation for resting activity is small, indicating 
that this daily rest is a persistent and habitual pattern of behavior for these 
monkeys. Woolly spider monkeys tend to be late risers. In 8 of the 12 sam- 
pie intervals, the median getting-up time was 0820 hr or later (range, 
0728-0950), and in the remaining four samples it ranged between 0728 and 
0750 hr. In four sample intervals, the median getting-up time was 0920 hr or 
later. In contrast, Cebus apeila in this same forest are actively moving about 
at first light. Woolly spider monkeys also show a persistent pattern of unin- 
terrupted afternoon rest, generally beginning at about 1200 hr and ending 
at about 1430-1530 hr. Animals settle down for the night as light begins to 
fade and can be found the next morning in the same sleep tree and sleep 
site, indicating that they do not move around after dark. Thus woolly spider 
monkeys are extremely inactive primates, spending more than half of  their 
daylight hours and all of  their nighttime hours quietly resting or sleeping. 

Feeding. On average, woolly spider monkeys spend about 3 hr a day 
in feeding activities (Table VI). This works out to about 14.6 min a day spent 
feeding for each kilogram of body weight (assuming that the average weight 
for an adult woolly spider monkey is about 13 kg). The only notable excep- 
tion to this pattern came in December, when animals increased their daily 
feeding time to slightly more than 4 hr. This sample period also showed the 
highest percentage of feeding time devoted both to mature leaves and to flow- 
ers. As a category, mature leaves require longer to chew before swallowing 
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than immature leaves (Milton, unpublished data), and the increase in feed- 
ing time may be due in part to the added processing time related to a high 
proportion of mature foliage in the diet. However, during this same sample 
period animals were also spending considerable time eating flowers and flower 
buds of Croton floribundus, as noted, a tree species which tends to show 
a clumped spatial distribution. As many flowers from this species could be 
found within a very restricted area, the increase in feeding time for this sam- 
ple may also represent opportunistic feeding on an unusually abundant and 
concentrated high-quality dietary resource. As is the case for resting, the stan- 
dard deviation for feeding activity is not large. 

Travel. The amount of time animals devoted to travel each day aver- 
aged about 1 hr, ranging between 50 and 104 min (Table VI). Animals travel 
an average of 630 • 128 m per day (Table V). The longest single day range 
recorded was 1400 m, and the shortest 350 m. Traveling and feeding usually 
occurred during the same time interval. Animals would begin to travel, mov- 
ing from tree to tree and feeding, generally briefly, on whatever edible items 
they encountered in each tree until they appeared satiated. They would then 
stop traveling and rest. This pattern of feeding while traveling is different 
from the pattern shown by mantled howler monkeys (Aiouatta palliata). 
Howlers tend to travel steadily over several hundred meters, rarely stopping 
to feed, until they reach a particular food tree or grove of food trees where 
they then feed heavily (Milton, 1980). The difference in these two travel pat- 
terns, both related to resource exploitation but one strongly goal-directed 
and one fluid, suggests, in turn, that howler monkeys are more selective feed- 
ers than woolly spider monkeys. 

Each day's travel was plotted onto a scale map of the study area. Over 
the entire study period, the study animals entered an area corresponding to 
some 53 ha in the gridded section of the forest and an additional 18-20 ha 
off  the grid on the western border of the forest. Home-range size for female 
woolly spider monkeys is estimated at about 70 ha. I cannot comment on 
home-range size for males because most males appear to move about over. 
wide areas of the forest. Within the first four sample periods, the study 
animals had moved over the area corresponding to the major portion of their 
home range, and most other samples primarily involved variations in the use 
of different sections of this delineated home-range area (Fig. 2). Animals 
frequently rested and slept and could be encountered in a particular area of 
the home range some 4 ha in size, which can be regarded as a core area. 
No defense of any area was noted, though there is a dominance hierarchy 
between females and between males and any male apparently can displace 
any female. (Dominance was judged by the ability of one individual to sup- 
plant another at feeding or rest sites, to completely monopolize a food tree, 
or by the rapid withdrawal of one individual at the approach of another, 
usually larger individual.) 
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Fig. 2. Cumulative home-range size. Note: The number in parentheses below the sample 
interval date represents the number of days of continuous data from which cumulative 
quadrat use was extracted for each interval. 

Other Activities. Animals were observed to drink water from tree holes 
after 15 October when heavy rainfall had begun. Various animals would drink 
from the same tree hole, either in the company of other individuals or alone, 
indicating that many of these tree holes are known to all individuals using 
this section of the forest. In general, animals devoted very little time to ac- 
tivities other than feeding, traveling, and resting. On average, < I% of  each 
day is devoted to social behavior (one animal interacting with another animal 
that is not a dependent offspring). Adult individuals of both sexes were fre- 
quently observed to deposit fresh urine on the hands and, occasionally, the 
ventral surface of the tail (Milton, in press). Such urine presumably 
carries information about the sex and identity of the individual and, in the 
case of females, the reproductive state. Animals also communicate with 
calls, and during the study a total of eight distinct calls (Table VII) was iden- 
tiffed. The probable function of these calls is discussed in Table VII. Groom- 
ing between adult individuals was not observed, though a mother may groom 
her immature offspring. Animals also show a highly ritualized greeting 
gesture, used by two animals who apparently recognize one another but have 
not been together recently. When two such individuals come together, they 
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Table VII. Calls of  Brachyteles arachnoides 

Call Animals heard giving call Context/function 

I. Low belch Adult females and probably An alert call; also appears to 
adult males function as a contact call be- 

tween a foraging female and her 
independently Iocomoting off- 
spring. 

Any age Generally used when one animal 2. S c r e a m - a  loud, 
piercing cry 

3. W h i n n y - a  
neighing sound 
similar to that 
made by Ateles. 
There are many 
variations on this 
call, given at 
different levels o f  
intensity. 

4. Staccato chutter- 
whinny 

5. Bark 

6. Shrill yip 

7. Keening 

8. Mating twitter 

Subadults and adults, both 
sexes 

Adult females and probably 
adult males 

Subadults and adults, both 
sexes 

Subaduhs and adults, both 
SeXeS 

Immatures 

Sexually receptive females 

is alone to ascertain the loca- 
tions of  other individuals. Call 
is often answered by whinnies 
from other conspecifics. 

Used between feeding animals, 
out of sight of  one another,  
apparently as a contact call. 
Often heard in the early 
m o r n i n g - p e r h a p s  to indicate 
the general path of  foraging and 
again in the late afternoon, 
perhaps to indicate the location 
of  the sleeping area to any 
conspecifics within auditory 
range. 

Used when t~o animals come into 
contact that have not met 
recenlly. 

Alarm and irritation. Usually 
directed toward the observer." 

Alarm and irritation; usually 
precedes bark. 

Probably to get attention of  the 
m o t h e r - i m m a t u r e  not in body 
contact with mother when call is 
given. 

Used when female is very much 
interested in sexual attention 
from males. 

"When irritated, animals also slap leaves with the hand, forcefully pull back branches and let 
them go, bounce forward (lunge; seen even in small infant of  4-6 months), and defecate copiously 
if the source of  annoyance is on the ground. 

begin to give a staccato chuttering call (staccato chutter-whinny) and then 
embrace one another forcefully with the forearms. The head of one par- 
ticipant is often pressed into the shoulder of the other and this embrace may 
be held for over 60 sec. While embracing, animals may draw back the corn- 
ers of the lips in an open-mouthed grimace showing very little of the teeth. 
Females give this embrace tO females and males give it to males (male obser- 
vation, C. de Lucca), but it does not appear to be used intersexually. 

Sexual behavior in this species is very striking. A female appears to com- 
municate her sexually receptive condition by means of pheromone cues in 
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her urine, which she deposits on her hands and then transfers to the sub- 
strate as she travels over her home range while foraging. Many males (seven 
to nine individuals) rapidly appear in her home range within a few hours, 
and these males follow the female continuously for 24-48 hr, copulating with 
her whenever possible. When the female is in this maximally receptive con- 
dition, she constantly gives an unusual twittering call (mating twitter). Sexu- 
al behavior in this species is discussed in detail in another paper (Milton, 
in preparation). During the study, 31 copulations were observed, many at 
very close range, permitting the collection of considerable data on the mat- 
ing behavior of this rare species. 

DISCUSSION 

From an examination of  museum specimens, Zingeser (1973) predict- 
ed that woolly spider monkeys might show folivorous tendencies, citing as 
evidence a number of similarities between the maxillary premolars and mo- 
lars of this species and those of Alouatta, the howler monkey. This study 
fully supports his prediction. Woolly spider monkeys are overwhelmingly 
folivorous; furthermore, they have both the low activity level and low level 
of social behavior often characteristic of leaf-eating primates (Jolly, 1972; 
McNab, 1978; Milton, 1980). Prior to this study, howler monkeys were 
regarded as the most folivorous of  the New World primates (Hill, 1962; Jol- 
ly, 1972; Milton, 1980). Woolly spider monkeys are fully as folivorous as 
howler monkeys and also include higher percentages of mature leaves in the 
diet on a more regular basis than is the case for howlers (Glander, 1975; Mil- 
ton, 1980: Gaulin and Gaulin, 1982). Leaves are a notoriously poor source 
of readily assimilable energy (McNab, 1978; Grand, 1978), generally con- 
taining less than 4% nonstructural carbohydrates per unit dry weight (Mil- 
ton, 1979). This raises the question of where woolly spider monkeys obtain 
dietary energy when living on diets composed primarily of leaves. 

The abundant structural carbohydrates of leaves (cellulose and hemicel- 
luloses) can provide energy for leaf-eating animals if the animals possess suffi- 
ciently large colonies of  ceUulolytic bacteria and protozoa in the gut. These 
microorganisms, in contrast to the digestive enzymes of vertebrates, have 
the ability to degrade the cellulose and hemicelluloses of leaves in the process 
known as fermentation, producing energy-rich volatile fatty acids as a by- 
product. These fatty acids, in turn, can often be absorbed by the host animal 
and may make an important contribution to its energy budget. Howler mon- 
keys ferment structural carbohydrates in the cecum and colon and appear to 
derive important energetic benefits from this process [Milton et al., 1980; 
Milton and McBee, 1982; see also Bauchop and Martucci (1969) and Bauchop 
(1978) for discussion of  fermentation processes in the sacculated stomach 
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of Old World colobines]. I suggest that woolly spider monkeys, like howler 
monkeys, also carry out fermentation processes in the hindgut. 

Woolly spider monkeys, like all New World primates including howl- 
ers, are monogastrics; but they show considerable volume in the cecum and 
colon (Hill, 1962), indicating that these sections of the gut may serve as fer- 
mentation chambers. Fresh fecal matter of woolly spider monkeys has the 
same distinctive pungent odor as that of howler monkeys and, likewise, shows 
a high content of endogenous fecal nitrogen (Milton et al., 1981; Milton, 
unpublished data). Both of these features indicate that fermentation activi- 
ties occur in the cecum and upper colon of woolly spider monkeys. Interest- 
ingly, a single trial with an adult female woolly spider monkey in the Sao 
Paulo Zoo, to determine food passage rates, showed that this animal began 
to turn over gut contents 8 hr after the initial feeding of colored markers 
and food (Milton, 1984). This initial turnover time is considerably more rapid 
than is the case for mantled howler monkeys, which are smaller animals and 
yet begin to turn over gut contents some 18-23 hr after the initial feeding 
(Milton et ai., 1980; Milton, 1981a). (The rapid initial passage rate for the 
captive female Brachyteles, however, could result from the fact that the zoo 
diet is high in fruit and low in fiber in comparison to the usual diet in the 
wild.) In addition, however, in contrast to howler monkeys, whose defeca- 
tion patterns are not notable, woolly spider monkeys in the wild defecate 
copious amounts of fecal matter very frequently. Field data from calm, 
habituated animals show that adult woolly spider monkeys of both sexes 
generally defecate notable quantities of fecal matter from 10 to 14 times per 
12-hr day (N -- 6). 

In combination, all of these features suggest that the digestive strategy 
of woolly spider monkeys may differ in certain important respects from that 
of howler monkeys. Like howlers, woolly spider monkeys are opportunistic 
feeders in that they tend to exploit whatever edible fruits or flowers are avail- 
able in the habitat at any particular time, but members of both species rou- 
tinely eat large quantities of foliage each day. However, when eating leaves, 
woolly spider monkeys appear to be somewhat less selective feeders than howl- 
ers, as noted, generally taking some Ioliage (including vine foliage) from each 
tree visited until satiated, rather than traveling to a select tree or trees for 
much of their daily leaf-eating activity. Woolly spider monkeys also include 
more mature foliage in the diet and doubtless also take in a considerably 
greater volume of food per day. Since woolly spider monkeys are larger than 
howlers (some 12-15 vs 6-9 kg), this larger body size should confer greater 
energetic lability, enabling them to exploit a coarser dietary matrix (Parra, 
1978). The quantities of plant material eaten by woolly spider monkeys are 
presumably passed from the stomach through the small intestine, where the 
soluble nutrients are absorbed. The less digestible, more fibrous portion of 
the diet then passes into the cecum and upper colon, where I predict that 
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cellulolytic gut flora degrade the less lignified and more rapidly fermentable 
portion of the plant fiber. After a limited fermentation treatment, directed 
only at the more degradable portion of the cell wall material, the undigested 
plant matter appears to be expelled from the gut in regular pulses during 
the day. Thus the digestive strategy of woolly spider monkeys, in contrast 
to that of howler monkeys, appears predicated more on the rapid turnover 
of lower-quality plant food, whereas that of the howler monkey appears predi- 
cated on the more efficient, slow digestion of higher-quality plant foods 
(Milton, 1980, 1981a, 1984). 

In general, monogastric hindgut fermenters of moderate body size 
(beavers, porcupines, howler monkeys) obtain only some 18-33e/0 of their 
estimated required daily energy from fermentation end products (Johnson 
and McBee, 1967; McBee, 1978; Milton and McBee, 1982). When living on 
diets composed primarily of leaves, woolly spider monkeys may well be near 
stress with respect to meeting their daily requirements for energy. Certainly 
the activity patterns and other behaviors characteristic of this species sug- 
gest adaptations to a diet low in available energy. Late rising, long periods 
of rest during the day, limited daily travel associated with feeding, and a 
low level of social behavior all appear to represent adaptations functioning 
either to lower daily energetic expenditure or to conserve available energy. 
Indeed, animals often feed or defecate from a prone rather than sitting or 
standing position, apparently to conserve energy. 

I suggest that the fluid pattern of social organization of woolly spider 
monkeys may also be viewed as an adaptation to a limited energetic sub- 
strate. Milton and May 0976) have shown that in primates, typically, the 
larger the social group, the larger the home range. If, within a given time 
interval, the primate group covers the same proportion of its home range 
using the same movement patterns as a solitary individual, the individual 
primate in the social group may have to expend more energy in travel than 
would be the case if it foraged alone (Milton and May, 1976). Because of 
its large body size, the vertical component of travel is assumed to be very 
costly for woolly spider monkeys. Though brachiation may lower the costs 
of arboreal travel per unit distance (Milton, 1980), woolly spider monkeys 
cannot always brachiate, and travel through the trees is predicted to involve 
a considerable output of energy (see, for example, Taylor et al., 1972). There- 
fore, by foraging alone or in small groups, a woolly spider monkey may 
minimize the distance it must travel each day for food, thus lowering forag- 
ing costs. In addition, foraging alone or with few conspecifics should permit 
each individual to harvest the most select dietary items from each tree visit- 
ed without interference (Wrangham, 1977). The fact that males are itinerant 
also permits females to feed frequently without dietary competition from 
males, which, since they are dominant to females, can displace or exclude 
females from particular food sources (personal observation). Permanent large 
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foraging parties (and a high degree of sociality) may in fact represent luxu- 
ries that this monogastric, leaf-eating primate simply cannot afford, partic- 
ularly in a forest habitat characterized by low species diversity, notable species 
dominance, and marked seasonality in the phenological patterns of many 
forest trees. 

There is a striking similarity between the fluid grouping pattern shown 
by woolly spider monkeys and that described for chimpanzees and spider 
monkeys (Wrangham, 1977; Klein and Klein, 1977). Both chimpanzees and 
spider monkeys are very strongly frugivorous, and in both cases a fluid group- 
ing pattern has been viewed as a response to the patchy distribution patterns 
of ripe fruit in tropical forests (Wrangham, 1977; Klein and Klein, 1977; Mil- 
ton, 1981b). The fact that a species as strongly dependent on leaves in the 
diet as the woolly spider monkey shows a similarly fluid grouping pattern 
indicates that it is not the dietary category per se (i.e., fruits vs. leaves) that 
is the critical factor underlying this fluid social structure, hut rather the na- 
ture of the interaction between the distribution patterns of key foods of  
whatever category, and the body size and energetics of the feeder. Fruit is 
high in energy but is very patchily distributed in tropical forests relative to 
leaves (Milton, 1980). Both spider monkeys and chimpanzees must travel ex- 
tensively as a general rule to locate sufficient ripe fruit to meet their daily 
energetic needs (Wrangham, 1977; Rodman, 1984; Milton, 1981a). The ten- 
dency for spider monkeys and chimpanzees to forage alone or in small sub- 
groups appears to represent a similar response to the same basic set of selective 
pressures as those faced by woolly spider monkeys-namely,  the pressure 
to minimize individual day range when foraging while simultaneously max- 
imizing foraging returns from each tree visited by lowering the possibilities 
for interference competition from more dominant animals (Wrangham, 1977; 
Milton, 1981c). All three of these species are sufficiently large in body size 
so that aggregation for predator protection is not assumed to be of strong 
significance in terms of the size of foraging units. In turn, the fluid distribu- 
tion pattern of adult females in these species should make it very difficult 
for any one male to control sexual access to a particular group of females. 
This factor may contribute to the strong degree of male bonding noted in 
these species, as well as the low level of intermale aggressiveness in mating 
encounters and the lack of any strong sexual dimorphism in body or canine 
size (Wrangham, 1977; Milton, 1984, personal observation). 
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