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ABSTRACT

Eisenberg, John F. Communication Mechanisms and Social Integration in the
Black Spider Monkey, Ateles fusciceps robustus, and Related Species. Smith-
sonian Contributions to Zoology, number 213, 108 pages, 63 figures, 40 tables,
1976.—The study describes the mechanisms of communication employed by the
individuals of a captive colony of Ateles fusciceps robustus studied by the author
for some ten years. The signal system is compared and contrasted with that of a
free-ranging group of A. geoffroyi panamensis. The signal systems are discussed
within the functional contexts in which they occur. Sexual, grooming, and grap-
pling behaviors are given special quantitative treatment. Auditory signals are
considered from the standpoint of syntactic description. A rigorous analysis of
the vocalizations is presented together with* a contextual description leading to
a functional classification. The motivational basis for vocalizations is then
explored. The development of vocalizations in the young Ateles is described
together with the effects of auditory isolation on vocal development. The vocal
repertoire of Ateles is compared with that of Lagothrix, the woolly monkey, and
Alouatta, the howler monkey. Preliminary ethograms for Alouatta and Lagothrix
are presented in the appendices. It is concluded that the vocal repertoire of
Ateles can develop without imitative learning and that the signal system of
Ateles shares homologous elements with that of Alouatta and Lagothrix. The
degree of similarity is highest between Ateles and the woolly monkey.
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Communication Mechanisms
and Social Integration in
the Black Spider Monkey,

Ateles fusciceps robustus,
and Related Species

John F. Eisenberg

Introduction

This report concerns the behavior patterns of
two species of spider monkeys, Ateles fusciceps and
Ateles geoffroyi. The major portion of the material
consists of observations on a captive group of A.
fusciceps robustus maintained for some 14 years at
the National Zoological Park. The history of this
group through 1972 has been reviewed (Eisenberg,
1973). Except for some notes made by C. O. Hand-
ley in 1964, field data are lacking for this species.
In order to expand our knowledge of communica-
tion in free-ranging Ateles, I conducted observa-
tions on an introduced group of A. geoffroyi pana-
mensis on Barro Colorado Island, Canal Zone. The
early history of this group has been described by
Eisenberg and Kuehn (1966) and R. Dare (1974).

The vocalizations, gestures, and maintenance
behavior patterns of these two species are quite
similar and, for this reason, I have chosen to use
the Ateles geoffroyi field data as a means of infer-
ring the functional role in the field for some of the
forms of communication shown by the captive A.
fusciceps group. Appendix I contains a comparison
of the physical characteristics of selected vocaliza-

John F. Eisenberg, National Zoological Park, Smithsonian
Institution, Washington, D.C. 20009.

tions for A. geoffroyi, A. fusciceps, A. belzebuth,
and A. paniscus. Great similarities are indicated.
That the first three species are closely related was
already evident in the taxonomic review by Kel-
logg and Goldman (1944). Recently Hershkowitz
(1972:353) has suggested that only one specific
name for Ateles is valid, i.e., Ateles paniscus. I do
not wish to take sides in any taxonomic contro-
versy; however, in my opinion the four species
show great behavioral homogeneity, although
minor differences can be discerned. Thus, it seems
fair to utilize the field data from the A. geoffroyi
study to clarify the function of the homologous
vocalizations displayed by A. fusciceps in captivity.

Captive Research

Four Ateles fusciceps robustus were received on
17 May 1961 at the National Zoological Park. This
served as the founder stock for our colony, which
has been maintained until the present time. The
reproductive history of the group was reviewed in
the publication by Eisenberg (1973). To date
(September, 1974), 13 live births have occurred
and of these 4 young were taken for hand rearing
and the study of their behavioral development.

1
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The results of these developmental studies are re-
viewed on pages 52-58 ("Ontogeny of Behavior").

The Ateles fusciceps group was studied inten-
sively in the autumn of 1964 and 1965 and during
the summers of 1966 and 1967. During the winter
of 1967, observations were continued, but detailed
behavioral studies were not initiated again until
the spring and summer of 1972 and 1973. The
composition of the study groups is summarized in
Appendix II.

Most of the quantitative data referred to in this
paper were taken during the summers of 1972 and
1973, and in the fall and winter of 1974-1975. Dur-
ing 1972-1973, the captive group of Ateles fusciceps
consisted of an adult male, 3 adult females, and a
juvenile male born in August of 1970. In 1974 the
main study group included an adult male, 2 adult
females, one juvenile female and 2 infant males.
During the summers, the animals were housed in
an outdoor enclosure measuring 5 X 3 X 3 meters.
The enclosure was equipped with benches and a
series of vertical poles. The bars of the cage per-
mitted overhead brachiation. Food consisted of
bread, carrots, sweet potatoes, kale, apples, oranges,
bananas, and a prepared supplement (Zupreem
Marmoset Diet). Water was obtainable at all times.

Data concerning the behavior patterns of these
captive spider monkeys were recorded by direct
observation and written notes in a semi-coded form
on prepared checksheets. Alternatively, the behav-
ior was described by speaking into a tape recorder
and later transcribed onto prepared data sheets
with the appropriate time intervals inserted.

During 1964 and 1965, adult and juvenile vocali-
zations were recorded and analyzed. In 1966 and
1967 hand rearing, behavioral ontogeny, and the
development of vocalizations in isolation were de-
scribed and analyzed. Over 300 hours of observa-
tions and recordings were logged in these years.

Observation periods involving transcribed record-
ings were conducted by a balanced series of 30-
minute sessions in 1973 and 15-minute sessions in
1972. Over 50 hours of quantified observations
were made during these two summers. Total hours
of observation with hand notes or recordings ex-
ceeded 100 hours. Observation periods were bal-
anced during various parts of the day to avoid
bias induced by such activities as cage cleaning and
feeding. In the interval 1974-1975, observations
were again divided into 30-minute sessions for a

total of 40 hours of data.
Vocalizations, for the most part, were recorded

on Uher 4000 Report-L tape recorders at 3y4 or
7y2 inches per second. Since most of the energy in
Ateles vocalizations lies below 5000 Hz, the Uher
microphone-tape recorder combination served as
an adequate recording system. Some recordings dur-
ing the last year of the study were made with a
Nagra IV SJ. Vocalizations were analyzed utilizing
a Kay Electric Company Missilyzer No. 675. Most
of the analyses were carried out with 5000 Hz as
the maximum setting. Within this range, the fre-
quency band width is 20 Hz for narrow band anal-
yses or 200 Hz for wide band analyses. When using
the wide band setting, the frequencey of the
sound so reproduced was estimated at the mid-
point or darkest portion of the sonographic display.
Many of the sounds produced by Ateles do not
exhibit a single frequency but, upon sonographic
analysis, display side bands. These may be true
harmonics or may be artifacts inherent in the
functioning of the Kay Missilyzer (Watkins, 1967).

In order to check on the actual energy distribu-
tions in the recordings of some Ateles sounds that
showed little discrete harmonic structure, the
sounds were passed through a Tektronix Type 323
oscilloscope. The overall energy distribution in
complex sounds could thus be assessed with respect
to the dominant frequency. Clearly, some of the
Ateles calls are truly harmonic in structure, others
are definitely not—regardless of the sonographic
portrayal. Thus, when referring to sonographs, the
term side bands will be used uniformly, but in
those cases where the sounds are purely harmonic
it will be so indicated in the text (see also Appen-
dix I).

Field Research

Ateles geoffroyi panamensis on Barro Colorado
Island were studied by Eisenberg in 1964, 1965,
1966, 1970, and 1974. Altogether some 14 weeks
were spent in observing these monkeys. A total of
some 105 hours were spent recording behavior.
Appendix II contains a synopsis of the history of
this group. I am indebted to Dr. N. Smythe, Dr. M.
Hladik, Dr. R. Dare, Dr. G. G. Montgomery, and
Dr. A. Richard (1970) for filling in the gaps con-
cerning the history of this group during the long
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intervals when I was not present on the island. The
main thrust of the observations on the group of
A. geoffroyi concerned (1) the identification of the
contexts in which vocalizations were produced,

and (2) an attempt to understand the develop
ment of social relationships among group members
as the colony grew through births to the founding
females from 5 to 15 individuals.

Natural History of Ateles

The genus Ateles ranges in tropical evergreen or
semi-evergreen forests from southern Mexico to
southeastern Brazil (Kellogg and Goldman, 1944).
Field observations on A. geoffroyi in Mexico are
described by Wagner (1956) and Eisenberg and
Kuehn (1966). Ateles geoffroyi in Panama was
studied by Carpenter (1935). Additional data for
an introduced but free-ranging, breeding popula-
tion of A. geoffroyi on Barro Colorado Island,
Panama, have been collected by Eisenberg and
Kuehn (1966), Richard (1970), Hladik and Hla-
dik (1969), and Dare (1974). Klein (1972) has
completed an extensive field study of A. belzebuth
in Columbia, and Durham (1971, 1975) has re-
ported preliminary results on A. paniscus in Peru.

It is generally agreed that Ateles is primarily
frugivorous and feeds selectively at moderate to
extreme heights in mature forests (Carpenter,
1935; Hladik and Hladik, 1969). Diurnally active,
the bands tend to feed intensely in the early morn-
ing only to renew feeding in the afternoon. Car-
penter (1935) noted that the troops of A. geoffroyi
panamensis frequently broke up into subgroups
during their feeding cycle. Indeed, such subgroups
did not necessarily reconstitute themselves into the
same social unit in sleeping trees at the end of the
day's activity. Especially noticeable was a tendency
for adult, unisexual subgroup formation and all-
male groups were commonly censused. Eisenberg
and Kuehn (1966:35-38) noted the tendency for
independence in male activity in both a field and
a captive population. Klein (1972) made similar
observations on A. belzebuth and concluded that
the all-male subgroups were composed of males
who offered mutual support to one another during
both intratroop conflicts and intertroop encounters.
Based on further observations of the A. geoffroyi
group in Panama, Eisenberg, Muckenhirn, and
Rudran (1972) suggested that such all-male sub-
groups may be composed of related individuals and
age-graded in the sense that mutual tolerance
among such males has an orderly developmental
succession based on continually renewed contact

over many years.
Wagner (1956) had noted that under some cir-

cumstances an Ateles troop could exhibit a uni-
male structure; that is, only one adult male associ-
ated with a female subgroup and their progeny.
Eisenberg and Kuehn (1966:56-57), on the basis
of a brief censusing operation in Chiapas, suggested
that such unimale troops could be shown in areas
of reduced carrying capacity. Freese (1975) noted
similar troop structures during censusing in Costa
Rica. Klein (1972) suggested that such unimale
troops recorded in the literature may well have
been the result of incomplete censusing, especially
since adult males are very independent of the
females in their movements. In Klein's study, the
troops of A. belzebuth each had two or more adult
males periodically in association with the females.
Recently Durham (1975) has offered evidence for
both unimale and multimale troops in A. paniscus
from Peru. The unimale condition is typically
shown in the smaller troops at high elevation
habitats, which presumably have a reduced carry-
ing capacity.

Thus, there is some disagreement concerning the
typical form of the social organization shown by
Ateles. In part, the multimale versus unimale con-
troversy is artificial (Eisenberg, Muckenhirn,
and Rudran, 1972), but only long term studies in
the future will clarify the genesis of the so-called
multimale troop. Further comparisons will be
necessary before the relation between troop size
and carrying capacity can be firmly established.

In spite of the uncertainties, there is agreement
on the following points: (1) The home range of
an Ateles troop is much larger than a comparably
sized troop of howler monkeys (Alouatta) in a
comparable habitat. (2) Compared to Alouatta
and Cebus, the Ateles troop is less cohesive and
subject to fractionation. (3) Males tend to be in-
dependent in their movements with respect of the
rest of the troop. (4) Females with dependent
infants and juveniles form the most cohesive sub-
unit in a troop. (5) Adult males may be intolerant
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of other males belonging to a distinct but neigh-
boring troop. (6) A subgroup of age-graded males
may act as a cooperative unit during offensive

and defensive behaviors. (For a definition of age-
graded, see Eisenberg, Muckenhirn, and Rudran,
1972.)

Some Motor Patterns and Their Functional Contexts

Maintenance Behavior

The maintenance behavior patterns of Ateles
fusciceps in captivity do not appreciably differ
from those described for Ateles geoffroyi by Eisen-
berg and Kuehn (1966). Several points are worthy
of comment, however, since in the intervening
eight years we have had to modify earlier con-
clusions.

Locomotion is controversial, since Ateles has
been considered a brachiator by Erikson (1963),
on the one hand, and essentially quadrupedal by
Napier and Napier (1967) at the other extreme.
Recently Tuttle (1975) has described the long
arms of Ateles as adaptation for feeding by hanging
vertically and performing vertical lifts and drops
during terminal branch feeding, as originally de-
scribed for Hylobates (Grand, 1972). While it is
true that Ateles feeds in a manner reminiscent of
Hylobates, it is also true that Ateles locomotes by
brachiation. The form of brachiation by Ateles
differs from that of Hylobates in that Ateles uses
its tail as an "assist" with each or one arm in a
given two-arm cycle of brachiation (see Grand,
1975, for a complete discussion).

Leaping by Ateles geoffroyi is awesome and
often involves considerable vertical descent, espe-
cially when it is part of the male display sequence
(see "Male Agonistic Display," p. 20). Adult fe-
males carrying young (see "Infant-2," p. 55) will
attempt leaps across gaps of 2 meters. At the mo-
ment of leaping the arms are generally extended
to maximize the reach (Figure 1).

Activity is not strictly confined to daylight. As
noted earlier (Eisenberg and Kuehn, 1966:55),
some social interaction can and does take place
after dark, and Handley (in litt.) comments that
Ateles fusciceps has been noted to move a consid-
erable distance as a troop on a moonlit night.

Concerning feeding patterns, Hladik and Hla-
dik (1969) report that Ateles geoffroyi can con-
sume up to 20 percent of its diet in the form of
young leaves. This is somewhat higher than the

values obtained by Carpenter (1935), but still
considerably less than the 40 percent value com-
puted for Alouatta by the Hladiks. While it is still
reasonable to consider Ateles geoffroyi primarily
a frugivore, no doubt further studies of its foraging
behavior are warranted.

It is worth mentioning that, as in A. geoffroyi,
self-grooming (autogrooming) in A. fusciceps occu-
pies a very small percentage of their time (Eisenberg
and Kuehn, 1966:33). In 72 separate 30-minute
observation periods, autogrooming accounted for.
only 0.64 percent of the total observation time
(Table 1). These data are quite comparable with
the earlier data obtained for A. geoffroyi.

TABLE 1.—Autogrooming frequencies and durations
for individual Ateles fusciceps, 1973

V
B
M
s
T

Subjects 2 /

0
13
0
6
8

0
393

0
234
201

Of

/o
0

47.4
0

28.3
24.3

2f = total frequency of grooming shown; Sd = total
duration (sec) of grooming shown; % = percentage of
summed durations of all autogrooming for all observation
periods.

Total percent of observation time spent in autogrooming
was 0.64%. The average duration of an autogrooming bout
was 30.6 seconds.

Patterns of Interaction

REPRODUCTIVE BIOLOGY

During the course of our preliminary studies
(Eisenberg and Kuehn, 1966), we had difficulty
determining the receptivity of females and had no
knowledge of the unique posture assumed during
copulation. Indeed, we witnessed copulation once
but did not interpret the behavior correctly (Eisen-
berg and Kuehn, 1966:19-20). The situation was
clarified for us through subsequent observations
from 1970 to 1972. Klein (1971) had correctly in-
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FIGURE 1.—A leap by an A teles geoffroyi female while carrying her infant dorsally. Note the
extension of the forearms. (Photo by N. Smythe.)

terpreted the significance of the copulatory posture
and he further called attention to the role that
urine may play in coordinating the activities of
adult males and females (Klein, 1971).

Although spider monkeys have been studied off
and on for the last 50 years, the details of their
reproduction have remained obscure. Goodman
and Wislocki (1935) described cyclical uterine
bleeding, which occurred every 26 to 27 days in
adult females. Blood could be obtained through a
vaginal lavage procedure for roughly 3 to 4 days.
From time to time, we have noted what appeared
to be dark secretions present on the sulcus of the
pendulous clitoris but in no case were we ever able
to determine on a regular basis by visual inspec-
tion when a female spider monkey was undergoing
menstruation. The experience has been similar for
other workers. The opening of the vagina itself
and the clitoral structure may appear moist and
somewhat tumescent around the time of estrus;
however, precise criteria remain to be developed

for a visual determination of estrus in the female
spider monkey.

Behaviorally, female spider monkeys show an
increased tendency to manipulate, inspect, and lick
the clitoris prior to maximum sexual receptivity.
In addition, females approaching estrus tend to
groom other group members with a greater fre-
quency and will approach the adult male and
present their genitalia or posteriors for his inspec-
tion. The male becomes more active in his own
grooming activity when a female in the group is
approaching estrus (Table 2).

In an established group, there are very few
preliminaries which can be noted that indicate that
a couple intends to copulate. We observed that the
pair may move away from the main group to a
point of seclusion and that juvenile animals may
sometimes interfere with the copulation by the
parents, especially the offspring of the copulating
female (see "Sexual Behavior," p. 8).

The male may often sit or recline slightly with


