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Abstract

Spider monkeys are one of the main seed-dispersal agents in the Amazonian ecosystem and therefore help regenerate the
rainforest. The black-faced black spider monkey (Azeles chamek) is internationally recognized as Endangered, and its range
is limited to Peru, Bolivia and Brazil. Spider monkeys are a difficult genus to study and little is known about their popula-
tions in the wild. Here we present the results of a study on demography, habitat use, activity budget and preliminary notes
on ranging pattern and diet of a wild group of A. chamek studied in a floodplain forest in south-eastern Peru. The group
(in total eight to nine individuals) had a home range of approximately 1.6 km? (160 hectares) with a daily path length of
approximately 1,200 m. The group was encountered at canopy levels above 20 m in height 75.2% of the time and rarely
descended to lower forest levels. There was a weak but significant positive correlation between the number of encounters
with individuals of the study group and the number of feeding trees in an area (R? = 0.38, N = 93, P > 0.001). The majority
of their diet consisted of fruits, followed by leaves. Resting accounted for 41.9% of their activity budget, with foraging
accounting for 30% and traveling 23.8%. Most findings of this study are consistent with other studies on the species, but
we found that the group size in our study was unusually small. However, this did not seem to have an influence on home
range size or activity budget.
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Resumen

Los monos arafa son uno de los principales agentes de dispersién de semillas en el ecosistema amazénico y por lo tanto
ayudan a regenerar la selva. El mono arafia negro (Azeles chamek) estd reconocido internacionalmente como En Peligro, y
su drea de distribucién se limita a Perd, Bolivia y Brasil. Los monos arana son un género dificil de estudiar y se sabe poco
sobre sus poblaciones en estado silvestre. Aqui se presentan los resultados de un estudio sobre demografia, uso del hdbitat,
presupuesto de actividades y notas preliminares sobre la pauta de distribucién y la dieta de un grupo silvestre de A. chamek
estudiado en un bosque de llanura inundable en el sudeste del Perd. El grupo (en total, ocho o nueve individuos) tenia un
drea de distribucién de aproximadamente 1.6 km? (160 hectdreas) con una longitud de recorrido diario de aproximadamente
1,200 m. El grupo se encontré en niveles de copas de mds de 20 m de altura el 75,2% del tiempo y rara vez descendi6 a
niveles inferiores del bosque. Hubo una correlacion positiva, débil pero significativa, entre el nimero de encuentros con los
individuos del grupo de estudio y el niimero de drboles en que se alimentan en una zona (R* = 0,38, N =93, P > 0,001). La
mayoria de su dieta consisti6 en frutos, seguidos de hojas. El descanso representé el 41,9% de su presupuesto de actividades,
la busqueda de alimento el 30% y los viajes el 23,8%. La mayoria de los hallazgos de este estudio son consistentes con otros
estudios sobre la especie, pero encontramos que el tamafo del grupo en nuestro estudio era inusualmente pequefo. Sin
embargo, esto no parecié tener influencia en el tamano del drea de distribucién o en el presupuesto de actividades.

Palabras clave: mono arana, Azeles, demografia, rango de hogar, presupuesto de actividad, uso de hébitat, patrén de reco-
rrido, dieta.

Introduction

Spider monkeys (genus Azeles, Fig. 1) represent some of
the most charismatic and ecologically-important primates
found in the neotropical rainforest. The genus Areles con-
sists of seven species (following Groves, 2001; Morales-Ji-
ménez et al., 2015) which occur in tropical forests ran-
ging from Mexico to Bolivia (Collins, 2008). However,

Ateles are under serious threat from both habitat loss and
poaching. Little is known about the demography and
behavior of distinct populations, as Azeles are a particular-
ly hard genus to study due to their preference for higher
canopy levels. Ateles have evolved distinct morphological
characteristics which allow them to thrive in the highest
level of the forest canopy (Campbell ez 4/., 2005; Rosen-
berger et al., 2008; Hooper, 2014). Many aspects of their
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physiology are distinct from other primates and are spe-
cialized for movements such as below-branch suspension
and brachiation, rather than leaping and quadrupedal tra-
vel (Fontaine, 1990; Rosenberger ez al., 2008; Lindshield
and Rodrigues, 2009). For instance, skeletal modifica-
tions to the wrist and elbow, and the absence or reduction
of the thumb, all assist Azeles in these suspensory activities
which are essential for life in the canopy (Rosenberger ez
al., 2008; Lindshield and Rodrigues, 2009). In addition
to specialized forelimbs, Areles also possess a prehensi-
le tail that can support the animal’s entire body weight
(Youlatos, 2008).
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Figure 1. An example of Ateles chamek with its distinct morpholo-
gical characteristics, e.g. the long limbs and prehensile tail. Photo
credit: Liselot Lange (2016).

Ateles usually prefer primary, closed-canopy forests (Mi-
chalski and Peres, 2005; Wallace, 2008; Salvador ez /.,
2011), and they are found to spend more than 70% of the
time in the higher canopy levels above 25 m (Van Roos-
malen, 1985; Wallace, 2008). Ateles may be restricted to
the highest canopy levels due to dietary and physical spe-
cialization. Ateles are extremely frugivorous (Campbell ez
al., 2005; Wallace 2008), and ripe fruit is seldom found in
lower forest levels (Campbell ez al., 2005). Furthermore,
their shoulder joint modifications and elongated forelimbs
do not allow for terrestrial quadrupedism, making it harder
for Ateles to visit the ground (Campbell ez 2/, 2005). They
are believed to descend to the forest floor only for drinking,

visiting clay licks, eating soil or decaying wood, and during
social conflicts (Campbell ez al., 2005).

Ateles exhibit a larger home range than other primates in
the same habitat due to the distribution of fruit patches
(Takahashi, 2008; Defler, 2010). Home ranges of Azeles
have been recorded between 32 and 900 ha with daily path
lengths between 500 and 5,600 m (McFarland Symington,
1988a; Wallace, 2006, 2008; Spehar, Di Fiore and Link,
2010; Gonzélez-Zamora ez al., 2012, 2015; Veldzquez-Véz-
quez et al., 2015).

The activity budget of Ateles is often described using four
mutually exclusive categories: resting, foraging, traveling,
and other (see Table 1) (McFarland Symington, 1988a;
Wallace, 2001). On average, social behaviors account for
less than five percent of Ateles activity budgets (Slater, Scha-
finer and Aureli, 2007, 2009), which is less than for most
primates. The largest portion of Azeles daily activity budget
(nearly half) consists of resting (White, 1986; McFarland
Symington, 1988a; Nunes, 1995; Wallace, 2001). Trave-
ling accounts for between 14.8 and 32.6% of the activity
budget, and foraging between 18 and 50.5% (Chapman,
Chapman and McLaughlin, 1989; Wallace, 2006). Time
spent resting and traveling is likely influenced by levels of
fruit abundance and distribution.

Ateles feed 70 to 90% of the time on large-seeded fruits
(Di Fiore ez al., 2008; Felton ez al., 2008). Ateles are very
important seed dispersal agents as they rarely masticate the
seeds and instead swallow them whole, therefore contri-
buting to the regeneration of forests (Link and Di Fiore,
2006; Gonzilez-Zamora et al, 2012; Link et al, 2012).
In times of fruit scarcity, Areles complement their diet with
leaves, flowers, seeds, decaying wood, clay, soil, and a very
small percentage of invertebrates (Di Fiore ez al., 2008;
Rylands and Mittermeier, 2013).

Spider monkeys are of particular interest to primatologists
because they exhibit a fission-fusion social structure similar
to that of chimpanzees, which is unique among Neotro-
pical primates (Anaya-Huertas and Mondragén-Ceballos,
1998). This structure involves the division of a group, that
can consist of over 50 individuals, into temporary sub-
groups (Shimooka ez al., 2008). Subgroups fluctuate in
size and composition throughout the day, averaging three
to four individuals at a time (Van Roosmalen, 1985; Cha-
pman, 1988; Shimooka, 2005; Lange, 2016). Due to the
clumped distributions of their primary food sources (Gon-
zdlez-Zamora et al., 2008) and the fact that Azeles often de-
plete fruit supplies in their feeding trees (Chapman, 1988),
this social system evolved to reduce intragroup competition
for food resources (Asensio ez al., 2008; Spehar and Di Fio-
re, 2013). Therefore, group fission is evoked when fruit is
scarce, and conversely, fusion occurs in instances of high
fruit availability (Asensio et 4/, 2008; Aureli and Schaffner,
2008). Hence, subgroups need to visit fewer food patches
to find sufficient food (Aureli and Schaffner, 2008).
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Most research on spider monkeys has been conducted in
protected areas (Gonzédlez-Zamora ez al., 2008), and lictle is
known about their behavioral ecology in unprotected areas
(Hagell, Whipple and Chambers, 2013). In this study, we
report the demography, habitat use, activity budget and
preliminary notes on ranging patterns and diet of Areles
chamek in an area not part of a national park or reserve.

Methods

Study site

This study was conducted at the Las Piedras Amazon Cen-
ter (LPAC), a 4,465-hectare ecotourism and conservation
concession run by the non-governmental organization
(NGO) the Alliance for Research and Conservation in the
Amazon (ARCAmazon). The site is located in the Madre
de Dios department of Peru (-12.0709367 S, -69.5005917
W), approximately 65 km from the town of Puerto Mal-
donado and 55 km from the border with Brazil. The site
consists of terra firme and floodplain forest ranging from
200 to 400 m in elevation along the Las Piedras River. Our
research was conducted between May 2016 and Decem-
ber 2017. During this time, minimum temperature ave-
raged 22°C, maximum temperature 35°C, humidity levels
averaged between 60 and 90% and average daily rainfall
between 10 and 220 mm (Weather Underground, 2019;
World Weather Online, 2019). Field work was based out
of the research center at LPAC, which takes up less than
one hectare of the land and consists of sleeping platforms
and communal areas. The concession contains approxima-
tely 37 km of mapped trails, some of which were used to
observe the focal group in the north-east of the concession.
A stream (the Loboyoc) cuts from the south-west to the
north-east of the concession and joins with the Las Piedras
River. The stream is traversable by the study group which
has multiple crossing points along its course. Within the
concession, multiple groups of spider monkeys are found
without any major geographical boundaries separating the
groups. This study solely focused on one of the groups in
the north-east of the concession.

The river shed of Las Piedras is an extraction forest, and
most concessions are used for the exportation of Brazil nuts
and timber. Hunting (mostly illegal) is a common prac-
tice in the concessions surrounding LPAC, as the region
does not lie within a national park or reserve and there is
little protection for wildlife.  ARCAmazon acquired the
LPAC-concession in April 2015 with the aim to preserve
the land and create a corridor for flora and fauna while
forming alliances with other NGOs and landowners. Ten
species of non-human primates are found within the con-
cession (Lange, 2016).

Subjects

The focal group consisted of eight well-habituated, indivi-
dually recognizable Ateles chamek at the start of the study
(May 2016). As there had been tourism in the years befo-
re the study, the spider monkeys had become accustomed

to the presence of humans. There were three adult males
(Ezra, Luca, Scar) and five females, where we group both
subadult and adult females into one category (Juno, Mami,
Manchas, Flor, Rose). The individuals were identified by
facial characteristics and were given names to ease data
collection and communication in the field. Throughout
the study, the group’s composition fluctuated due to dea-
th and newborn individuals. In August 2016 an infant
male (Leaf) was born to Juno. Later in June 2017, the ol-
dest female (Manchas) passed away from natural causes.
The remains were discovered in a decomposing state, after
which it was discovered that the subject’s left ankle and
foot were missing. Post-mortem examination showed the
animal had worn teeth and brittle bones; indicators of old
age. 'The individual also had a healed fracture of the left
humerus, but did not show limitations in movement whi-
Ist alive. Around the same time of this death, a female
infant (Maya) was born to Mami. By the end of the study
(December 2017), the group consisted of three adult males
(Ezra, Luca, Scar), two (sub)adult females (Flor, Rose), two
lactating females (Juno, Mami), one juvenile male (Leaf),
and one infant female (Maya).

Data collection

The data on Ateles chamek were collected through focal fo-
llows of the study subjects. Follows took place in surveys
between 05:00 and 19:00, covering all hours in which
Ateles are known to be active. Existing trails within the
concession were walked at a slow speed (between one and
two km/h) to locate the study group. Upon encountering
a subgroup or the entire group, a random individual was
chosen for the focal observations. In this study data were
collected only on adult individuals, as the infants and ju-
veniles’ behavior is strongly correlated with their mother’s
behavior. Data were collected on adult males, sub and
adult females (without offspring), and lactating females
(with offspring). Behavioral data were collected on the
focal individual every fifth minute, using instantaneous
focal sampling (Altmann, 1974). For gathering data on
their activity budget, the following categories were used;
traveling, resting, foraging, and other (Table 1). The
forest level use of the focal individual was also recorded
every fifth minute (between the ground and 10 m high,
between 10 m and 20 m high, or above 20 m high). The
focal animal was followed for one hour, until out of sight
for more than ten minutes, until no longer possible to
follow, or until the sun set and the focal settled at a slee-
ping site. After one hour of following a focal individual, a
new individual was selected. The focal individual’s move-
ments were recorded by creating a track with a handheld

GPS-system (GARMIN 64s).

Data were also collected on diet by recording and identif-
ying food items consumed by the spider monkeys (fruits,
flowers, leaves, bark, clay or invertebrates). Additionally,
ad libitum data were taken on social interactions and group
composition. Finally, all feeding trees and sleeping sites
were marked with the GPS-system.
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Table 1. Description of the used activity categories.

Activity categories Description

Traveling Moving for more than thirty seconds or
between trees

Resting Sleeping, being stationary or small
movements less than thirty seconds

Foraging The looking for, handling of, or ingestion
of food or water

Other Behaviors not fitting into any of the other

categories, e.g. social interactions between
individuals, interaction with observers,
defecating and/or urinating

Data analysis

All GPS data were uploaded into the computer software
Basecamp (Garmin Ltd., 2019). By creating a polygon
of the outer points of A. chamek encounters and follows,
we calculated the home range (in ha) and created a map
presenting habitat usage (Fig. 2). Additionally, a second
map was created showing the distribution of the feeding
trees and sleeping sites within the home range (Fig. 3). A
non-parametric regression analysis was used to verify whe-
ther a correlation exists between grid-cell use and the num-
ber of feeding trees present within that cell. An estimation
of the encountered subgroups” daily path length was made
by calculating their average speed during a follow and mul-
tiplying this by average time spent traveling per day. The
group’s activity budget was calculated by combining the
frequency of behavior in all samples. The activity budgets
of adult males, (sub)adult females (without offspring) and
lactating females (with offspring) are compared through
descriptive analyses. No statistical analyses were applied
due to the small sample size. All food items consumed
were categorized (fruits, flowers, bark, clay and invertebra-
tes) and frequency of consumption of each category was
expressed as a percentage of all feeding observations throu-
ghout the study.

Results

A total of 1,519 instants, obtained from 149 focal fo-
llows, were analyzed. On average the focal follows lasted
45.60+20.11 minutes.

Demography

Total group size fluctuated between eight and nine indivi-
duals over the course of the study due to one death and two
newborns. Observed subgroup size ranged from one to
nine individuals, with an average of 4.63+1.92 members.
The subgroups also varied in composition (Fig. 2). The
most common type of subgroup consisted of one or more
females with their offspring, which accounted for 41.2%

of encounters. The second most common group observed
was both males and females with offspring, which accoun-
ted for 31.9% of subgroups. Interestingly, while 10.9% of
observed subgroups consisted of males only, female-only
subgroups without offspring were never encountered. The
percentage of solitary encounters were low, with solitary
females and males accounting for only 3.4 and 3.6% of
subgroups respectively. For the group as a whole, male to
female ratio at the start of the study was 1:1.67, but this
decreased to 1:1.25 by the end of the study.
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Figure 2. A histogram showing the relative frequency of A. cha-
mek subgroup types encountered (n= 119 encounters).

Habitat use

The group occupied forest levels higher than 20 m for
75.2% of the time, levels between 10 and 20 m for 23.2%
of the time and were rarely found below 10 m. The home
range was approximately 160 ha, consisting entirely of
floodplain forest. Figure 3 shows the intensity of area use
within the home range and includes bordering areas (repre-
sented in white) rarely or not visited by the study group.

A significant positive correlation was found between the
number of feeding trees within a cell and the frequency
of Ateles chamek encounters within that cell (R2 = 0.38,
N =93, P < 0.001). Figure 4 shows the distribution of
79 feeding trees and four sleeping sites that were located
throughout the study period.
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Figure 3. One-hectare grid map of the approximately 160 ha
home range of the focal Ateles chamek group at the Las Piedras
Amazon Center, Peru, showing the frequency of encounters wi-
thin each cell.
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Figure 4. One-hectare grid map with the distribution of feeding
trees and sleeping sites throughout the home range of the focal
Ateles chamek group at the Las Piedras Amazon Center, Peru.

Preliminary notes on ranging pattern

On average, the individuals encountered traveled two
hours and 47 minutes per day and their speed was approxi-
mately 440 m per hour. This means the group’s estimated
daily path length was 1,200 m per day. More in-depth
research is required to determine whether subgroup size has
an influence on ranging patterns.

Activity budgets

The activity budget of the spider monkeys consisted of
41.9% resting, 23.8% traveling, 30% foraging and 4.3%
other behaviors. The category ‘other’ consisted of 3.8%
social interactions between group members, for instance
affiliative behaviors such as playing and handling other
female’s offspring, and also agonistic behaviors such as ag-
gressive chases. The remaining time was spent on behaviors

such as urination, defecation, and interaction with obser-
vers. Our results (see Figure 5) show that lactating fema-
les (with offspring) spent the least time resting out of the
three age-sex classes of A. chamek, and (sub)adult females
(without offspring) spent most time resting. In regard to
traveling, adult males traveled most and lactating females
(with offspring) least. Lactating females (with offspring)
spent far more time foraging than the other two age-sex
classes, with adult males spending the least amount of time
foraging. Lastly, adult males demonstrated other behaviors
more frequently, such as interactions with observers and
social behaviors.

Preliminary notes on diet

A total of 383 records of foraging events were analyzed for
the study period. The majority of the group’s diet con-
sisted of fruits (84.4%, n=325), with leaves being the se-
cond most consumed item (9.7%, #=37). The group su-
pplemented these food items with small amounts of seeds,
flowers and bark. One instance of geophagy was observed
where a lactating female (with offspring) consumed clay
from an arboreal ant nest.
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Figure 5. Differences in activity budgets between three different
age-sex classes of Ateles chamek.

Discussion

The total size of this particular group (eight to nine indi-
viduals) is unusually small at this site. Other (sub)groups
within the concession with larger numbers of individuals
(usually between 15 and 20) were sighted and we have no
clear understanding of why the study group in particular
is so small. Despite no clear geographical boundaries exis-
ting within the concession, no interactions were recorded
between the study group and other Azeles groups. Previous
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research on the genus and species report larger group sizes,
between 15 and 50 individuals per group (Van Roosmal-
en, 1985; McFarland Symington, 1988a; Shimooka ez 4/.,
2008). However, one long-term study by Ramos-Fernan-
dez er al. (2005) followed a group of Ateles geoffroyi of a
similar size (8 adults); this group lived within a fragmen-
ted forest, and the habitat was likely a major limitation on
their group size. The average subgroup size that we found
was, however, very similar to other studies (van Roosmalen,
1985; Chapman, 1988; Shimooka ez al., 2008). Therefore,
it appears that subgroup size is not correlated with group
size. We propose that a possible reason for subgroup size to
be around this number is to maximize safety. It is possible
that smaller subgroups are less likely to detect a potential
predator whilst more likely to be predated upon. Further-
more, it is likely that smaller subgroups are less capable of
defending their territory against rival Azeles groups. The sub-
group composition also stayed similar to groups with more
individuals (Chapman 1990), where females with offspring
were the most common composition of subgroups. This is
expected, as females without offspring are known to display
maternal behaviors towards other female’s offspring, poten-
tially to practice motherhood themselves and, therefore,
stay close to these females (Slater e 2/ 2007). The male
to female ratio within the focal study group was found to
be lower than most other groups studied (Chapman, ez a/.
1989), however, we do not consider this surprising due to
the extremely small size of the focal group.

The home range that we found is similar to the home ranges
reported in other studies (McFarland Symington, 1988a;
Wallace, 2008). We had anticipated a much smaller home
range considering the small size of this group compared
to group size in other studies on the genus. Campos e al.
(2014) state that there is a positive relationship between
primate group size and home range size, and it would be
reasonable to assume that a smaller group would experien-
ce less competition for resources and thus would not have
to travel as far to meet resource demand. Therefore, their
equally sized home range could be explained by a potential
fruit scarcity in the focal group’s home range, causing them
to travel further to find sufficient resources. By conducting
a more in-depth study on the ecology of their home range
(through botanical plots) we could more accurately reveal
whether fruit abundance has an influence on home range
size in this case. In contrast to Campos, Wallace (2008)
found that home range size did not correlate with resident
Ateles group size, and therefore there may be other factors
contributing to home range size other than group size and
food availability. For instance, noise disturbance and the
presence of humans could force communities to retreat to
less disturbed areas (Kirkby ez al., 2000; Gonzélez-Zamora
et al., 2012), hence increasing home range size. We expect
that a construction project that took place at the Las Pie-
dras Amazon Center (within the group’s home range) du-
ring the study could have caused the group to range further
than expected. However, comparative data from after the

construction period is required to determine whether home
range size and ranging patterns were affected.

Daily path lengths for spider monkeys appear to vary large-
ly (Symington e al., 1988a, Nunes, 1998). Our findings
present a shorter average daily path length than the average
reported by Symington ez 4/ (1988a) and Nunes (1998),
however this is likely due to the larger group size of the
groups in those studies (18 to >35 individuals). Larger
group size would likely mean the spider monkeys need to
cover more distance on a daily basis to find sufficient re-
sources, hence explaining why the study group has shorter

daily path lengths.

During the study we observed one feeding event of geopha-
gy, in which a lactating female (with offspring) consumed
clay from an arboreal ant’s nest. The main reasons for soil
consumption by animals are to supplement the animal’s
diet with minerals otherwise unobtainable, and that the
consumption of soil supposedly aids in detoxification and
alleviation of gastrointestinal problems (Link ez a/., 2011).
It appears that geophagy is more common during particu-
lar life history events like lactation or pregnancy (Link ez
al., 2011, Pebsworth, et al, 2018). Whereas other studies
report Ateles spp. consume clay at clay licks, we did not
identify any clay licks within the group’s home range. Ar-
boreal ant nests and termitaria could be a source of mine-
rals for primates in areas where there are fewer or no clay
licks available. The mineral composition of termitaria and
ant nests is usually even higher than that of topsoil (Veiga
and Ferrari, 2007). This allows Azeles to obtain minerals
whilst staying in the canopy. Further research is required to
better understand the physiological factors driving geopha-
gy in spider monkeys, to gain insight into the increased
consumption of clay during specific life events and finally
to understand the use of arboreal ant nests and termitarium
for clay consumption.

Lactating females (with offspring) rested least out of the
different age-sex classes. We expected lactating females to
spend the most time resting in order to compensate for the
exertion of carrying and nursing a young. However, time
spent resting can sometimes serve as a pool from which
time needed to accomplish other behaviors can be drawn
(Dunbar, 1988). In this case, it is possible that resting time
was substituted for foraging time as the lactating females
spent the most time foraging. We assume that this is due to
the energy demands for lactating females being higher than
those without a dependent young.

Although the study site is not located within any govern-
ment-protected area, no noticeable differences were found
in the habitat use and activity budget of the study group
in comparison with studies conducted within governmen-
tal-protected areas. Further research is required on the
populations of Azeles along the Las Piedras River shed to
create large-scale conservation strategies for this region.
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