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Abstract  Woolly monkeys have been considered vulnerable to forest fragmenta-
tion. However, we found a population of woolly monkeys that has been living in a 
small forest remnant in Colombian Amazonia, raising questions about which factors 
determine the persistence or extinction of woolly monkeys in fragmented forests. 
The main purpose of this investigation was to describe the behavioral ecology of 
woolly monkeys ( Lagothrix lagothricha) in a 136-ha forest fragment in Guaviare, 
Colombia. We recorded activity patterns, diet, and use of space for three monkey 
troops by instantaneous sampling on focal animals, and we quantified interindivid-
ual distance, between January and December 2008. This group of woolly monkeys 
spent on average 31.7 % of their time feeding, 32.4 % resting, 34.2 % moving, and 
1.8 % in social interactions. Their main feeding items were fruits (57.2 %), followed 
by leaves (15.5 %), arthropods (15.8 %), seeds (5.2 %), flowers (5.1 %), and others 
(1.2 %). The three most used plant families for fruit consumption were Moraceae 
(23.4 %), Fabaceae (16.3 %), and Ulmaceae (8.3 %), and the most important spe-
cies was Ampelocera edentula (Ulmaceae). We estimated an average daily travel 
distance of 2,339 m and a home range of 126 ha. We found a negative relation-
ship between the degree of interindividual distance and group size. Most of the 
studied ecological parameters were within the reported ranges for woolly monkeys 
in undisturbed habitats. Thus, our evidence indicates that their persistence in frag-
ments does not require drastic behavioral changes. We suggest that fragmenta-
tion represents a threat to woolly monkeys when (1) fragments are not productive 
enough to sustain the population and/or (2) when it leads to a higher hunting pres-
sure on the population.
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13.1 � Introduction

Habitat degradation usually causes changes in activity patterns, diet, home range, 
and group cohesion in many primate species (Muruthi et  al. 1991; Tutin 1999; 
Marsh 2003; Irwin 2007). These changes may influence demographic parameters 
and many species are likely to become locally extinct in small fragments. However, 
some primate populations are capable of modifying their behavior as a response 
to habitat disturbance and fragmentation (Tutin 1999; Irwin 2007; Pozo-Montuy 
and Serio-Silva 2007). For example, in continuous habitats Cercopithecus cephus 
is mainly frugivorous (Chapman et  al. 2002) while groups that are confined to 
isolated forest fragments consume fewer fruits and more insects (Tutin 1999). In 
Propithecus diadema, groups that reside in fragmented areas have less intragroup 
cohesion than groups that occupy continuous habitats, mainly as a response to an 
increase in intraspecific competition for food, given the reduction and variation in 
the distribution of their resources (Irwin 2007). This is a similar response to the 
one found in spider monkeys ( Ateles spp.) and chimpanzees ( Pan spp.) with less-
cohesive and more flexible societies that have adopted a fission–fusion system of 
social organization (Symington 1990).

Other primates like howlers also show a high degree of dietary and behavioral 
flexibility that allows them to adjust to different degrees of habitat disturbance 
(Silver and Marsh 2003; Pozo-Montuy and Serio-Silva 2007). However, they tend 
to be more vulnerable to hunting, disease, predation, and endogamy in isolated 
populations (Bicca-Marques 2003). On the other hand, small primates such as 
Callithrix argentata can show a tendency towards an increase in population den-
sities in fragments. This could be explained by the effect of density compensa-
tion, caused by an increase in resource availability when large primates are absent 
(Peres and Dolman 2000). However, the long-term viability of their populations 
may depend on genetic diversity, which is probably lower in fragments (Rodrí-
guez-Toledo et al. 2003).

The fact that woolly monkeys ( Lagothrix spp.) are absent from most small for-
est fragments suggests they are one of the most vulnerable primates for habitat 
disturbance and forest fragmentation (Bernstein et al. 1976; Peres 1994; Defler and 
Defler 1996; Di Fiore and Rodman 2001; Stevenson 2010). In addition, woolly 
monkeys have been described as large-bodied frugivores (Stevenson et al. 1994; 
Peres 1994; Defler and Defler 1996; Di Fiore 2004), a guild usually associated with 
a high risk of local extinction in fragments. Group size is variable (10–49 individu-
als; Peres 1996), and groups exhibit some degree of cohesiveness (Stevenson et al. 
1994; Stevenson 1998; Dew 2005). Their low reproductive rates (Nishimura 2003) 
and large activity areas make it unlikely that woolly monkeys will survive in forest 
remnants (Milton 1993; Tutin 1999; Onderdonk and Chapman 2000; Gilbert 2003; 
Ferrari et al. 2003; Marsh 2003).
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Although it has been suggested that large frugivorous primates are the first to 
become locally extinct in the smallest forest fragments (Estrada and Coates-Estrada 
1996; Gilbert 2003; Michalski and Peres 2005), we found a population of woolly 
monkeys living in an isolated forest fragment in Colombia for more than 20 years 
(Stevenson, pers. obs.). Here, we aim to describe for the first time ecological and 
social variables of woolly monkeys living in forest fragments in order to establish 
differences and similarities between this population and populations in continuous 
forest. The specific objectives of the study were: (1) to quantify the activity pat-
terns, diet, use of space, and cohesiveness between woolly monkey groups and their 
age/sex classes; (2) to quantify the fruit production and to evaluate the influence of 
monthly fruit production on activity budgets; and (3) to compare the activity bud-
gets in a forest fragment with continuous forest. In addition, we discuss the factors 
that might have allowed this population to survive and persist in the fragment.

13.2 � Methods

13.2.1 � Study Area

The study was carried out in a forest fragment belonging to the experimental sta-
tion El Trueno of the Instituto Amazónico de Investigaciones Científicas (SINCHI) 
located near El Retorno town (Departamento del Guaviare, 2° 22′ N, 72° 41′ W; 
Fig. 13.1a) in Colombia. The station includes a fragment of 136 ha including both 
flooded and terra firme rainforest. The fragment contains high plant species rich-
ness with dominance of pioneer species (mostly Croton matourensis and Cecro-
pia sciadophylla; Stevenson and Rodríguez 2008). Other important plant species 
include Iriartea deltoidea, Oenocarpus bataua, Pourouma minor, and Pourouma 
bicolor, and the most common families are Moraceae, Fabaceae, Urticaceae, Eu-
phorbiaceae, and Burseraceae. The site has a mean temperature and rainfall of 
25.9 °C and 2,448 mm, respectively (IDEAM 1999).

Eight primate species inhabit the fragment (Lagothrix lagothricha, Alouatta 
seniculus, Saimiri sciureus, Callicebus torquatus lugens, Saguinus inustus, Cebus 
albifrons, Sapajus apella, and Aotus sp.) of which woolly monkeys are the most 
common, with a density of 50 individuals/km2. This estimate is similar to what has 
been found in continuous forest with high densities of woolly monkeys such as 
Tinigua National Park (41–50 ind/km2; Stevenson 2007) and Ecuadorian Amazonia 
(31 ind/km2; Dew 2005).

13.2.2 � Data Collection

We studied all three groups of woolly monkeys that lived in the forest fragment 
(Table 13.1). The large “L” group was followed from January to December of 2008; 
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the medium-sized “M” group was followed from January to April; and the small 
“S” group was followed from May to December. The M group was impossible to 
monitor all year, because its home range included an area (29.4 ha) that was regu-
larly flooded.

We followed two of the three groups during 5 days for each group, usually in 
consecutive days at the beginning of each month. All members of the groups were 
individually recognized. Genital marks, injuries, particular facial expressions, and 
body size were used to distinguish individuals. We collected data on activity pat-
terns and diet (see below) using instantaneous sampling on focal individuals every 
10 min (Stevenson et al. 1994), a method that has been recommended (González 
and Stevenson 2009). Each focal individual was followed continuously for 12 h 
(72 instantaneous samples) for each day of data collection, usually between 0600 

Table 13.1   Composition of woolly monkey groups present in a forest remnant in El Trueno 
Station, Guaviare, in Colombian Amazonia
Group Adult male Adult female Subadult 

male
Juvenile Infant Newborn Total

L 11 18 1 – 2 11 30–32
M 8–9 11–12 ? 2 3 ? 21–24
S 5 8 1 2 2 2 16

Fig. 13.1   (a) Map of “El Trueno” experimental station, Instituto Amazónico de Investigaciones 
Científicas SINCHI. (b) Total area used by all groups of woolly monkeys in the forest fragment 
(136 ha). The gray patterns represent the frequency of use for each of the 1-ha quadrants. This 
scale is based on instantaneous samples every 30 min, where lighter patterns represent less fre-
quently used quadrants and darker patterns represent more frequently used quadrants
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and 1800 h. Thus, we recorded 360 instantaneous samples in 5 days of sampling 
each month, totaling 4,320 instantaneous samples for a group in 12 months (8,640 
in total). Three different age/sex classes were observed in each group: two adult 
males, two adult females without infants and one adult female with dependent in-
fant (< 1-year-old). All focal individuals selected were habituated and the same ani-
mals along the study, but the sequence in which they were followed each month was 
not established a priori.

Activity was classified as moving, resting, feeding, or social interactions (as de-
fined by González and Stevenson 2009). Different food items were identified and 
classified as fruits (ripe and unripe), seeds, leaves, flowers, arthropods, and other 
types rarely ingested (termite nest, water, or vertebrate prey). In addition, we quan-
tified the time each focal animal spent feeding on each of the food types (except 
for arthropod feeding) in a continuous fashion (Stevenson et al. 1994). The moment 
when we detected food ingestion was considered as the initial time, and the time at 
which the animal stopped consuming items for more than 1 min, or when the animal 
moved away from the feeding source, was considered as the ending time (Stevenson 
et al. 1994).

Using a global positioning system (GPS; Garmin 76 CSX map), we registered 
the location of the focal animal every 30 min, and we referenced these positions in 
a 1-ha grid (Stevenson 2006). We used these positions to estimate daily traveled 
distance using Mapsource version 6 (2008).

13.2.3 � Interindividual Distance

To quantify the distance between individuals, we selected another five focal animals 
from the same groups and from the same age/sex classes as the main focal animals. 
These additional focal animals were simultaneously followed by a second observer, 
who gathered information on the position of the animal using another GPS at 30-
min intervals. The selected focal animals were individually recognized and the pair 
chosen each month was determined randomly each month. Thus, to quantify the 
degree of separation between individuals, the linear distance between the main fo-
cal animals and a secondary focal animal was estimated using Mapsource version 6 
(2008). In total, we measured 1,440 sample points of linear distance between simul-
taneously followed focal individuals in the same group during the study.

13.2.4 � Fruit Production

Fruit production estimates were calculated following the methodology used by 
Stevenson and Link (2010), using 10 km of phenological transects. The transects 
were monitored twice a month during 12 months, looking for fruits or parts of 
them on the trail floor and estimating crop size visually (number of fruits in the 
plant) by counting the fruits of several tree branches and then multiplying by the 
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number of branches in the plant. First, we estimated the average dry weight of 
fruits (> 5 fruits) of every species in transects. We multiplied dry fruit weight by 
the total crop size in each individual plant sampled. Then, individual fruit pro-
duction was assigned to the effective sampling area, by estimating the effective 
transect width, using information on the perpendicular distance from the produc-
ing trees to transect because larger plants are detected in linear transects at larger 
distances than smaller plants (Stevenson 2002). For this purpose, we regressed 
diameter at breast height (DBH) of fruiting trees on the perpendicular distance to 
transect and selected six of the farthest points of the distribution to estimate the ef-
fective width for each plant size (distance = (0.028 × DBH) + 5.45 m). Finally, we 
calculated a community-wide estimate of fruit abundance in units of production 
(fruit mass.ha−1.mo−1), summing individual productions, which take into account 
the effective sampling area.

13.2.5 � Data Analyses

Comparisons between pairs of groups were made only considering those months 
when both groups were followed (January–April, L Group vs. M Group; May–
December, L Group vs. S group).

Activity patterns and Diet  We calculated the proportion of instantaneous samples 
in each activity and diet category every day, and we used each day as a sampling unit 
for statistical comparisons between groups and age/sex classes. We used binomial Z 
tests for two proportions to assess these comparisons, except in cases of infrequent 
behaviors (when we used analysis of variance (ANOVA) or the Kruskal–Wallis test 
(in the cases with nonparametric values) and T tests). In order to compare among 
age/sex classes, we combined data from the 2 days following adult males and adult 
females without dependent offspring. We used ANOVA or the Kruskal–Wallis test 
(in the cases with nonparametric values) to evaluate monthly variations in activity 
patterns and diet, using the percentage of each sampling day as statistical units. We 
performed Pearson correlation analysis to determine the influence of monthly fruit 
production on activity budgets. All analyses were done using the Statistical Product 
and Service Solutions (SPSS) program (SPSS 17 2008).

Use of space  To evaluate if there were differences between the daily traveled dis-
tances between groups, we used T tests each month, using daily path length of each 
individual followed as sampling units. Comparisons were only made between the 
periods when the two different group pairs were followed. We performed a one-
way ANOVA for each group to evaluate whether there were monthly differences 
between the daily traveled distances along time. To compare home range areas, 
we constructed accumulation curves between the number of 1-ha quadrants used 
by the different woolly monkey groups, as a function of instantaneous sampling 
points recorded in each quadrant. For this purpose, we used the EstimateS program 
(Colwell 2005).
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Interindividual distances  To establish whether the interindividual distance dis-
tribution differed among groups, we constructed a frequency distribution curve for 
each group. We grouped interindividual separation distances in categories of 20 m. 
We evaluated differences between groups using Kolmogorov–Smirnov tests (Sokal 
and Rohlf 1995).

13.3 � Results

13.3.1 � Activity Patterns and Diet

Throughout the study year, individuals of the L group were seen resting 32.4 % of 
the time, 33.8 % feeding, 32.6 % moving, and 1.2 % on other activities ( n = 4,320 
instantaneous samples). Activity budgets for the M group were 24.4 % resting, 
31.1 % feeding, 41.3 % moving, and 3.2 % on other activities ( n = 1,440) and for the 
S group 40.3 % resting, 30.2 % feeding, 28.6 % moving, and 0.9 % on other activi-
ties ( n = 2,880). We did not find significant differences in the type of activity be-
tween groups L and M (Fig. 13.2a). However, feeding was more frequent in group 
L than in group S ( t = 2.460, df = 8; P = 0.039). We found few differences in activity 
budgets among age/sex classes (Fig. 13.3), and the main difference was in feeding 
behavior, which was more frequent for adult females with a dependent infant in the 
L group (adult female with a dependent infant vs. male and female adult: Z = 2.689, 
P = 0.006; Z = 2.085, P = 0.031). Although this tendency was evident for all three 
groups, we did not find a significant difference between age/sex classes and behav-
ior for the M and S groups (Appendix 13.1a).

In general, the most frequent items in the diet were ripe fruits (57.2 %), followed 
by young leaves (15.5 %), arthropods (15.8 %), seeds (5.2 %), flowers (5.1 %), and 
others (1.2 %). We did not find significant differences in diet composition between 
groups (L vs. M groups and L vs. S groups). However, young leaves consumption 
was more frequent in the L group ( t = 2.507, df = 8, P = 0.036), and the consumption 
of arthropods was more frequent in the M group ( t = − 2.852, df = 8, P = 0.021). We 
did not find significant differences in diet composition between the age/sex classes 
in the groups (Appendix 13.1b). However, in group L, the adult females with de-
pendent infants had a tendency to consume more young leaves than other age/sex 
classes (Fig. 13.3).

Diet composition varied over time (Fig. 13.4). Group L showed temporal differ-
ences in the frequency of consumption of all feeding items (Appendix 13.1c), and 
group S showed lesser temporal differences, because they were followed for a lesser 
period of time. We estimated annual fruit production to be 685 kg/ha/year, and it 
varied throughout the year. We found that monthly fruit production was a good 
predictor of feeding time ( P = 0.005, N = 12, r2 = 0.746) and ripe fruit consump-
tion ( P = 0.009, N = 12, r2 = 0.74). In general, ripe fruits were the most consumed 
item through time, but, in periods of low fruit availability (January, and August–
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October), woolly monkeys tended to increase their consumption of secondary 
items such as leaves and flowers (Fig. 13.4). However, fruit production was not a 
good predictor of leaf or flower consumption ( P = 0.68, N = 12, r2 = 0.132; P = 0.27, 
N = 12, r2 = − 0.34, respectively).

The population of woolly monkeys in the fragment used a total of 229 plant 
species of 130 genera in 55 families. They used 133 species for fruit consumption 
(65 % of the total feeding time), 4 for seeds (8.0 %), 116 for leaves (17.5 %), 25 for 
flowers (8.5 %), and 11 for other parts (1.9 %). The most important species used for 
ripe fruit were Ampelocera edentula (13 %; Ulmaceae), Spondias mombin (5.0 %; 
Anacardiaceae), Iriartea deltoidea (4.0 %; Arecaceae), Cecropia sciadophylla 
(3.5 %; Urticaceae), and Brosimum acutifolium (3.2 %; Moraceae; Table 13.2). The 

Fig. 13.2   Between-group comparison of the percentage of instantaneous samples registered for 
each of the different activities (error bars = standard error). (a) L group vs. M group: compared 
between January and April, (b) L group vs. S group: compared between May and December. The 
asterisk (*) above an activity denotes significant differences ( T test for two independent samples; 
p < 0.05)
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most important families in terms of feeding time on unripe fruits or seeds were Mal-
vaceae (49.7 %), Moraceae (46.3 %), and Bignoniaceae (3.1 %). When comparing 
the plant families used by the three groups, Moraceae and Fabaceae were the most 
common for all groups. However, there was variation in the use of plant genera and 
species among groups. Theobroma cacao and Pseudolmedia hirsuta were the more-
used species for group L, Dialium guianense and Virola peruviana for group M, and 
Ampelocera edentula and Spondias mombin for group S.

13.3.2 � Use of Space and Degree of Cohesiveness

The average distance traveled per day for the population of woolly monkeys in the 
fragment was 2,339  m (range 784–4,841  m). We did not find significant differ-
ences between groups (group L vs. M: t = − 0.481, df = 8, P = 0.642; group L vs. S: 

Fig. 13.4   Temporal variation in diet composition for woolly monkeys at the studied fragment 
(Guaviare, Colombia). We treated as an outlier the fruit production of a single individual of Ficus 
pertusa that generated a large peak in August

 

Fig. 13.3   Comparison of the percentage of instantaneous samples assigned to the different activi-
ties for each age/sex class in the L group (error bars show the standard error). An asterisk (*) above 
an activity denotes significant differences and the dash (−) shows a P score of 0.05 ( Z test for two 
proportions)
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t = −0.772, df = 8, P = 0.462). However, there was a tendency to find shorter daily 
traveled distances for the smallest group (L: 2,306 ± 812 m; M, 2,777 ± 909 m; S: 
2,169 ± 529 m). Overall, the L, M, and S groups used a total of 72, 55, and 48 ha, 
respectively (128 ha of total area; Fig. 13.1b). This seems to reflect the number 

Table 13.2   List of the ten most used dietary items for woolly monkeys in a forest fragment in 
Guaviare (Colombia) at the family, genus, and species levels
Family Feeding time (%) Species Feeding time (%)
Fruits
Moraceae 25.8 Ampelocera edentula 12.8
Ulmaceae 12.8 Spondias mombin   4.9
Fabaceae 12.2 Iriartea deltoidea   3.8
Urticaceae   8.6 Cecropia sciadophylla   3.5
Burseraceae   7.3 Brosimum acutifolium   3.5
Anacardiaceae   4.9 Dialium guianense   3.2
Arecaceae   4.9 Byrsonima crispa   2.8
Melastomataceae   4.2 Ficus obtusifolia   2.5
Malphigiaceae   2.8 Crepidospermum rhoifolium   2.3
Myristicaceae   2.7 Genipa americana   2.0
Seeds
Malvaceae 50.6 Theobroma cacao 49.7
Moraceae 46.3 Pseudolmedia hirsuta 46.1
Bignoniaceae   3.1 Arrabidaea verrucosa   3.1

Undetermined   0.9
Perebea xanthochyma   0.2

Leaves
Fabaceae 44.5 Inga alba 15.4
Moraceae 14.3 Inga cf. laurina   9.5
Melastomataceae   7.6 Celtis iguanaeus   7.4
Cannabaceae   7.4 Pseudolmedia hirsuta   6.1
Bignoniaceae   5.5 Brosimum guianense   4.2
Caricaceae   3.8 Jacaratia digitata   3.8
Cucurbitaceae   2.4 Miconia affinis   3.7
Araliaceae   2.2 Inga cf. striolata   2.9
Apocynaceae   1.9 Henriettella sylvestris   2.8
Sapindaceae   1.2 Inga cf. capitata   2.8
Flowers
Bignoniaceae 48.1 Arrabidaea verrucosa 29.9
Arecaceae 21.1 Astrocaryum chambira 21.1
Fabaceae 12.0 Arrabidaea nicotianiflora 13.4
Moraceae   9.6 Pseudolmedia hirsuta   6.3
Ulmaceae   2.3 Inga edulis   6.0
Undetermined   2.0 Acacia polyphylla   4.7
Violaceae   1.6 Pseudolmedia laevigata   3.3
Urticaceae   1.0 Arrabidaea cf. platyphylla   2.9
Euphorbiaceae   0.7 Ampelocera edentula   2.3
Caricaceae   0.6 Leonia glycycarpa   1.6
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of samples obtained for each group. In fact, the home range for the three groups 
increased as sample size increased and it did not reach an asymptote for any of 
the groups (Fig. 13.5). Finally, group L showed the highest interindividual separa-
tion compared to the other groups (Fig. 13.6; Kolmogorov–Smirnov test: L group: 
96.3 ± 45 m vs. S group: 64 ± 16 m, D = 2.34, P < 0.01; L group: 72.9 ± 22 m vs. M 
group: 31.2 ± 21 m, D = 5.23, P < 0.01).

13.4 � Discussion

13.4.1 � Intraspecific Comparisons

In general, our results are within the ranges reported for other populations of woolly 
monkeys in undisturbed habitats (Di Fiore and Campbell 2007; Table 13.3). This 
indicates that woolly monkeys are in fact capable of inhabiting forest fragments, but 
their persistence is possibly not related to an extraordinary ecological or behavioral 

Fig. 13.5   Estimated home-range area used by woolly monkeys as a function of cumulative sam-
pling effort. Sampling time differed for the three groups (L group, 12 months; M, 4 months; and S, 
8 months). Error bars show a confidence interval of 95 % from several random iterations
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plasticity because the conditions at the fragment are adequate for the maintenance of 
the population. In fact, our annual fruit production estimate (685 kg/ha) turned out 
to be higher than the one calculated for an undisturbed site in Colombian Amazonia 
using the same methodology (Estación Biológica Caparú: interannual range = 106–
471 kg/ha; González and Stevenson 2009; Vargas and Stevenson 2009). This seems 
to be a consequence of the low fertility of soils at Caparú (Defler 1995).

We found similar activity budgets for woolly monkeys in the fragment with 
Caparú (González and Stevenson 2009), where fruit production and population 
density are lower (Palacios and Peres 2005). In Tinigua, which has richer soils, it 
has been estimated that fruit production is the highest reported using our method 
(636–1,129  kg/ha, Stevenson, unpublished). In Tinigua, despite the high density 
of woolly monkeys, these rest for long periods of time and still show high feeding 
rates (Stevenson 2006). These comparisons suggest that activity budgets may be 
determined by feeding needs, which depend on resource availability and competi-
tion. Therefore, where fruit supply is low and/or frugivore population densities are 
high, woolly monkeys should travel more to get enough resources.

Tutín (1999) and Riley (2007) compared the effect of fragmentation on Cerco-
pithecus cephus and Macaca tonkeana, respectively and found that these monkeys 
compensate the reduction of space and low productivity in a fragment by increas-
ing insect and leaf consumption rates. In our case, we found that the consumption 
of leaves and flowers is in the upper range of the reported values for the genus, 
while the consumption of insects was not substantially different from the one 
reported for continuous forests (Table  13.3b). Diet composition was similar to 
the one found at Caparú (González and Stevenson 2009). This suggests that me-
dium fruit production levels and high population density promote the search for 
secondary items to compensate for the lack of preferred items. Then, the feeding 
behavior becomes similar to the one in places with lower resources, but with a low 
population density.

When comparing fruit diet composition of woolly monkeys at different study 
sites (Stevenson et al. 1994; Peres 1994; Defler and Defler 1996; Di Fiore 2004; 

Fig. 13.6   Interindividual distance for three woolly monkey groups inhabiting a forest fragment 
in Guaviare (Colombia)
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Stevenson 2006), we found that woolly monkeys in our study fragment share two 
of the three most important plant families used by woolly monkeys at other sites 
(Moraceae and Fabaceae). However, the third most used family in the fragment 
(Ulmaceae) had not been previously identified as an important resource in their diet. 
At the species level, two of the most used species Ampelocera edentula (Ulmaceae) 
and Theobroma cacao (Malvaceae) had not been reported in the diet of the woolly 
monkeys previously. These results may be explained by the fact that fruit produc-
tion of A. edentula coincided with the months of overall low fruit productivity (Sep-
tember–October), and to the fact that the fragment has a plantation of T. cacao. 
This shows that woolly monkeys can exhibit an opportunistic behavior, and may 
compensate to some degree for the variation in the preferred fruit available with 
other non-preferred items. For instance, T. cacao in Tinigua may show high fruit 
production, but it has never been reported in the diet of woolly monkeys inhabiting 
undisturbed forests (Stevenson 2002).

Table 13.3   Comparison of the behavior of woolly monkeys at different study sites: (a) activity 
patterns, (b) use of dietary items (fruits and seeds items were grouped in a single category, since 
this allows for direct comparisons with other studies), and (c) daily traveled distance and home 
range
a) Site (reference) Feeding 

(%)
Resting  
(%)

Moving  
(%)

S. Interactions 
(%)

Yasuni NP (Di Fiore and Rodman 
2001)

36.2 23.2 34.5 6.1

Caparu BS. (Defler 1995) 25.8 29.9 38.8 5.5

Tinigua NP. (Stevenson 2006) 36 35 26 3
Caparu BS (González and Stevenson 

2009)
18 50 29.5 2.5

El Trueno Fragment (this study) 31.7 32.4 34.2 1.8
b) Fruits  

(%)
Leaves  
(%)

Arthropods 
(%)

Others  
(%)

Caparu BS. (Defler and Defler 1996) 84 11   4 1
Urucu (Peres 1994) 81 16   0.1 3
Yasuni NP. (Di fiore 2004) 77   8 13 2
Caparu BS. (González and Stevenson 

2009)
69 16 13 2

Tinigua NP. (Stevenson 2006) 59 13 25 3
El Trueno Fragment (this study) 62.3 15.5 15.8 6.3
c) Daily traveled distance 

(m)
Home range  
(ha)

Caparu BS. (Defler 1996) 2,880 760
Urucu (Peres 1996) – 935
Yasuni NP (Di Fiore 2003) 1,792–1,878 108–124
Caparu BS. (González and Stevenson 

2009)
2,539–2,125 > 440

Tinigua NP. (Stevenson 2006) 2,001 173
El Trueno Fragment (this study) 2,339 126 (76–55–48)
Our values in this table (this study) represent the average for the three groups



240 D. A. Zárate and P. R. Stevenson

The average daily travel distance and home range of woolly monkeys at the frag-
ment are within the reported range for the genus (Table 13.3c). The average travel 
distance resembles the one reported by Defler (1996) in Caparú, while the home 
range area is similar to the one found in places with higher soil fertility (Stevenson 
et al. 1994; Di Fiore 2003). The relatively small home range area found in the frag-
ment seems to reflect the restrictions imposed on populations that inhabit a small 
forest remnant. Defler (1996) suggested that soil fertility is the main factor explain-
ing such variation. In other words, the large home ranges that woolly monkeys 
exhibit at Caparú would be a result of areas with poor soils, lower fruit production, 
and the need to travel more to reach nutritional demands. For example, Tinigua has 
fertile soils and high fruit production, and the home range of woolly monkeys is 
close to 200 ha and the mean daily traveled distance is 2,000 m (Stevenson 2006). 
Stevenson et al. (1994) suggested that such a pattern is explained by the high pro-
ductivity of the forest, where woolly monkeys do not need to travel great distances 
to access their preferred resources. All this suggests that home ranges and daily 
traveled distances of woolly monkeys inhabiting a forest fragment are mainly a 
result of fruit production and fragment size.

13.4.2 � Intrapopulation Comparisons

We found few differences in activity budgets and diet composition among groups. 
However, arthropod feeding was more frequent in group M than in group L. We 
suggest that this difference represents higher arthropod availability in the core ar-
eas of group M. In addition, we found a higher feeding frequency in individuals 
of group L compared to individuals of group S. We suggest the high number of 
births in group L at the end of the study ( n = 11) might have caused an increase in 
nutritional demands for the females. It has been estimated that protein and mineral 
consumption in pregnant and lactating females may increase about 25 and 50 %, 
respectively, in primates (Coelho 1974; Altmann 1980). This is also consistent with 
the result showing that females with infants tend to ingest more leaves than females 
without infants; however, other patterns have been observed in other woolly mon-
key populations (Stevenson 2006). Nonetheless, in other primate’s species (e.g., le-
murs) during lactation the females ingest a high proportion of young leaves in order 
to acquire calcium and protein, as well as some energy, which would be crucial for 
offspring development (Sauther 1998).

During periods of high fruit production (February–July and November–
December), woolly monkeys in the fragment moved more and fed mainly on ripe 
fruits. However, when productivity was low (September–October), woolly mon-
keys did not move lesser than in periods of high productivity. This pattern does not 
support a hypothesis of energy minimization during food scarcity periods (Rosen-
berger and Strier 1989), but it is similar to previous findings for woolly monkeys in 
Caparú (González and Stevenson 2009). We observed long daily travel distance and 
repetitive circuits on a single day, in spite of relatively short distances among fruit 
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resources. Thus, we believe that in periods of fruit scarcity woolly monkeys main-
tain the same movement frequency because they forage for alternative resources 
such as leaves and insects.

Initially, it was described that woolly monkeys lived in fission–fusion groups 
similar to Ateles and Brachyteles (e.g., Terborgh and Janson 1986), smaller group 
units allowing for a reduction in intragroup competition (Symington 1988). How-
ever, at least in one site, woolly monkeys live in much more cohesive groups than 
sympatric spider monkeys (Stevenson et  al. 1998). It has been proposed that ar-
thropod feeding may have relaxed the negative effects of food competition, leading 
to the evolution of a more cohesive social structure in Lagothrix (Stevenson et al. 
1994). However, Stevenson and Castellanos (2000) found that intragroup competi-
tion for fruits is an important limiting factor in determining foraging group size. In 
our study, the largest group showed a higher spatial separation among its individu-
als compared to the other two groups (Fig. 13.6). It is probable that, similar to what 
was found for Propithecus diadema in Madagascar (Irwin 2007), woolly monkeys 
at the fragment reduce competition by increasing intragroup distance. Thus, our re-
sults support the idea that woolly monkeys living in a forest fragment could reduce 
intragroup competition for food, by reducing their cohesiveness. However, groups 
with many individuals must compensate for their size by traveling longer distances 
or by increasing foraging distances (Janson and Goldsmith 1995; Stevenson 2006; 
but see Chapman and Chapman 2000), which was not evident in our study, probably 
due to a small sample size for the M group.

13.4.3 � Implications for Conservation

Our study suggests that woolly monkeys do not exhibit drastic behavioral changes 
in response to fragmentation. Similar to what has been reported for undisturbed 
habitats, woolly monkeys at the studied fragment adjusted their behavioral pat-
terns mainly as a response to primate density and resource availability. Even though 
woolly monkeys consumed non-preferred items in the remnant, our study suggests 
that their populations show low behavioral plasticity. Thus, their persistence in the 
remnant seems to be determined by favorable conditions met in the fragment, and 
not by a particular behavioral response. This suggests that a higher reduction in 
resources and the loss of space can affect their survival. We suggest that woolly 
monkeys are rarely found in fragmented forests because: (1) Remnants may not be 
productive enough to sustain the populations, which can be a result of their small 
size and/or low fertility; and (2) fragmentation may be associated with an elevated 
hunting rate (Peres and Palacios 2007), which would be the main negative effect for 
woolly monkey populations at fragments with sufficient resource production (which 
should include arthropod abundance and foliage quality, as well as fruit production).
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Appendix 13.1

Statistical comparisons of activity (a), and diet (b), between different age/sex classes 
in three groups of woolly monkeys inhabiting a fragment in Colombian Amazonia. 
The monthly variation in diet is also shown (c; adult male = AM; adult female = AF; 
adult female dependent infant = AFI)

L group M group S group
Activity budgets among age/sex classes (Z test for two proportions: ANOVA and Kruskal–Wallis 
test)
Feeding
AM vs. AF Z = 0.657; P = 0.453 Z = 0.495; P = 0.582 Z = − 0.207; P = 0.802
AM vs. AFI Z = 2.689; P = 0.006* Z = 0.385; P = 0.652 Z = 0.129; P = 0.880
AF vs. AFI Z = 2.085; P = 0.031* Z = 0.892; P = 0.395 Z = 0.369; P = 0.652
Resting
AM vs. AF Z = − 0.061; P = 0.960 Z = 0.644; P = 0.515 Z = 0.866; P = 0.342
AM vs. AFI Z = 1.857; P = 0.062 Z = − 0.178 P = 0.802 Z = 0.173; P = 0.802
AF vs. AFI Z = 1.86; P = 0.051 Z = 0.46; P = 0.582 Z = 0.424; P = 0.652
Moving
AM vs. AF Z = 0.657; P = 0.453 Z = 0.579; P = 0.515 Z = 0.489; P = 0.582
AM vs. AFI Z = − 0.076; P = 0.960 Z = − 0.429; P = 0.0.652 Z = 0.138; P = 0.880
AF vs. AFI Z = 0.514; P = 0.582 Z = − 0.116; P = 0.880 Z = 0.138; P = 0.880
I. Socials F = 0.26; df = 2; P = 0.26 F = 1.13; df = 2; P = 0.36 X2 = 1.50; df = 2; 

P = 0.17
Diet composition between the age/sex classes (Z test for two proportions)
Mature fruits
AM vs. AF Z = 0.416; P = 0.652 Z = 0.396; P = 0.652 Z = 0.730; P = 0.453
AM vs. AFI Z = 1.32; P = 0.177 Z = 0.261; P = 0.726 Z = 0.591; P = 0.582
AF vs. AFI Z = 1.759; P = 0.080 Z = − 0.166; P = 0.802 Z = − 0.139; P = 0.880
Seeds
AM vs. AF Z = 0.626; P = 0.515 – –
AM vs. AFI Z = 0.844; P = 0.359 – –
AF vs. AFI Z = 0.301; P = 0.726 – –
Young leaves
AM vs. AF Z = 0.147; P = 0.880 Z = − 0.339; P = 0.726 Z = 0.148; P = 0.880
AM vs. AFI Z = 1.112; P = 0.250 Z = − 0.198; P = 0.802 Z = 0.460; P = 0.582
AF vs. AFI Z = 1.436; P = 0.147 Z = − 0.259; P = 0.726 Z = 0.075; P = 0.880
Arthropods
AM vs. AF Z = − 0.293; P = 0.802 Z = 0.199; P = 0.802 Z = − 0.187; P = 0.802
AM vs. AFI Z = 0.185; P = 0.802 Z = 0.075; P = 0.880 Z = − 0.144; P = 0.880
AF vs. AFI Z = 0.2; P = 0.802 Z = − 0.262; P = 0.726 Z = − 0.366; P = 0.652
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Flowers
MA vs. FA Z = 0.207; P = 0.802 – Z = − 0.380; P = 0.652
MA vs. FAI Z = 0.123; P = 0.0.880 – Z = − 0.545; P = 0.582
FA vs. FAI Z = − 0.382; P = 0.726 – Z = − 0.435; P = 0.652
Temporal variation in diet composition (ANOVA and Kruskal–Wallis test)
Mature fruits F = 4.678; df = 11; 

P = 0.001*
F = 2.778; df = 3; P = 0.075 F = 4.351; df = 7; 

P = 0.002*
Seeds F = 4.703; df = 11; 

P > 0.001*
– X2 = 11.865; df = 7; 

P = 0.105
Young leaves F = 2.351; df = 11; 

P = 0.021*
F = 1.232; df = 3; P = 0.331 F = 1.679; df = 7; 

P = 0.150
Arthropods F = 3.418; df = 11; 

P = 0.001*
F = 1.039; df = 3; P = 0.402 F = 0.580; df = 7; 

P = 0.767
Flowers F = 4.309; df = 11; 

P > 0.001*
– F = 2.956; df = 7; 

P = 0.017*
* Significant differences
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