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Abstract Previous studies have used home range size to predict a species’
vulnerability to forest fragmentation. Northern bearded saki monkeys (Chiropotes
satanas chiropotes) are medium-bodied frugivores with large home ranges, but
sometimes they reside in forest fragments that are smaller than the species’
characteristic home range size. Here we examine how travel and spatial patterns
differ among groups living in forest fragments of 3 size classes (1 ha, 10 ha, and
100 ha) versus continuous forest. We collected data in 6 research cycles from July–
August 2003 and January 2005–June 2006 at the Biological Dynamics of Forest
Fragments Project (BDFFP), north of Manaus, Brazil. For each cycle, we followed
the monkeys at each study site from dawn until dusk for 3 consecutive days, and
recorded their location. Although bearded saki monkeys living in 10-ha and 1-ha
fragments had smaller day ranges and traveled shorter daily distances, they traveled
greater distances than expected based on the size of the forest fragment. Monkeys in
the small fragments revisited a greater percentage of feeding trees each day, traveled
in more circular patterns, and used the fragments in a more uniform pattern than
monkeys in the continuous forest. Our results suggest that monkeys in the small
fragments maximize their use of the forest, and that the preservation of large tracts of
forest is essential for species conservation. Species with large home ranges
sometimes inhabit forest fragments, but doing so can alter behavior, demographics,
and ecology, and the monkeys may be vulnerable to stochastic events.
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Introduction

One means by which a species’ habitat is destroyed is through forest fragmentation.
During this process, forested areas are cleared, leaving a mosaic of forest patches
surrounded by a nonforested matrix (Gascon et al. 2001). As deforestation continues
and the remaining forest becomes increasingly patchy, local climate (Achard et al.
2002; Bierregaard et al. 1992), species richness and distribution (Bierregaard et al.
1992; Laurance et al. 2000; Malcolm 1997), seed dispersal (Chapman and
Onderdonk 1998; Estrada et al. 1999), and habitat suitability (Gascon et al. 2000)
are affected. Often the remaining forest fragments are smaller than what is
characteristically required for survival by some fauna. For example, large-bodied,
frugivorous primates typically require large home ranges (Clutton-Brock and Harvey
1977; Johns and Skorupa 1987; Milton and May 1976; Onderdonk and Chapman
2000). Therefore, some researchers have stated that a highly frugivorous diet and a
large home range limits, or excludes, the presence of such primate species in forest
fragments (Gilbert and Setz 2001; Rylands and Keuroghlian 1988).

Forest fragmentation is one of the main threats to primate conservation (Strier
2007), yet the responses to fragmentation have varied and currently there is not a full
understanding of the main factors that determine how a species will respond (Marsh
2003). In some studies, primates living in forest fragments have smaller home ranges
(Cristóbal-Azkarate and Arroyo-Rodríguez 2007; Irwin 2008; Tutin 1999;Wong and
Sicotte 2007), smaller group sizes (Irwin 2008), decreased biomass (Estrada et al.
1999), greater densities (Irwin 2007; Tutin 1999), different diets (Tutin 1999), and
different behavioral budgets (Wong and Sicotte 2007) than primates living in
continuous forest. In other studies, fragment size does not predict a primate’s activity
budget and ecology (Bicca-Marques 2003; Cristóbal-Azkarate and Arroyo-
Rodríguez 2007), group size does not predict home range size (Bicca-Marques
2003), group size is not associated with fragment size (Umapathy and Kumar 2003),
and density is not greater in forest fragments (Wong and Sicotte 2007). Such
variability in results illustrates the ecological complexities in forest fragmentation
research, as variables such as fragment size (Harcourt and Doherty 2005;
Wieczkowski 2004), matrix composition (Anderson et al. 2007), edge effects
(Lehman et al. 2006; Mbora and Meikle 2004), predation (Tutin 1999), and
seasonality of resources (Martins and Setz 2000) may affect species presence,
distribution, and behavior. Further, the lack of clear patterns predicting species’
responses to forest fragmentation may be the result of these responses being site-
specific (Onderdonk and Chapman 2000).

A home range is the area in which an individual engages in its regular activities
(Burt 1943). There are many methods for estimating home range (Harris et al. 1990;
Powell 2000; Worton 1987), as well as various applications of home range size and
use measures. These applications include, but are not limited to, determining
relationships between home range size and species’ characteristics (Harvey and
Clutton-Brock 1981; Haskell et al. 2002; Mace and Harvey 1983), habitat
preferences (Cederlund and Okarma 1988; Gese et al. 1988; Tufto et al. 1996),
seasonal and annual fluctuations (Börger et al. 2006; Li et al. 2000; Wiktander et al.
2001), and sex differences (Attuquayefio et al. 1986; Fedigan et al. 1988), as well as
applications to conservation and management (Bingham and Noon 1997; Bull and
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Holthausen 1993; Linnell et al. 2001). Further, home range size is often used to
predict a species’ vulnerability to habitat loss, although the strength of such
predictions have varied (Johns and Skorupa 1987; Onderdonk and Chapman 2000;
Skorupa 1986).

The northern bearded saki monkey (Chiropotes satanas chiropotes) is a medium-
bodied (Ford and Davis 1992), highly frugivorous seed predator (Ayres 1981;
Kinzey and Norconk 1990; van Roosmalen et al. 1981) that lives in large social
groups (Kinzey and Norconk 1990; Norconk et al. 2003; van Roosmalen et al. 1981)
and has large home ranges (Ayres 1981; van Roosmalen et al. 1981). The taxonomy
of Chiropotes is a matter of debate (Bonvicino et al. 2003; Hershkovitz 1985; Silva
and Figueiredo 2002; Veiga et al. 2008). We studied the subspecies Chiropotes
satanas chiropotes. The conservation status of Chiropotes chiropotes, the current
Red List designation for Chiropotes satanas chiropotes, is least concern (Veiga et al.
2008). Researchers studying bearded sakis (Chiropotes spp.) have found that the
species’ home range varies from 200 to 559 ha (Ayres 1981; Boyle 2008a; van
Roosmalen et al. 1981) in continuous forest; however, research in Pará, Brazil (Silva
2003; Veiga 2006) and Venezuela (Peetz 2001) revealed that bearded sakis occupy
areas of 16–250 ha on islands formed by the flooding of hydroelectric lakes. Further,
the monkeys have inhabited forest fragments ranging from 1 ha to 100 ha at the
Biological Dynamics of Forest Fragments Project (BDFFP), located in the central
Brazilian Amazon (Boyle 2008a; Gilbert 2003). Therefore, bearded saki home range
size appears to be somewhat flexible, particularly in areas altered by humans.

Frugivorous primates with large home ranges, i.e., Ateles spp., are often absent
from forest fragments (Estrada and Coates-Estrada 1996; Rylands and Keuroghlian
1988). The presence of bearded saki monkeys in BDFFP forest fragments provided a
unique opportunity to examine bearded saki groups consistently living in forest
fragments that were as small as 3% of the species’ home range in continuous forest.
The bearded saki monkeys were present in forest fragments of various sizes,
allowing us to examine the extent to which the monkeys modify their behavior and
ecology according to fragment size. The objectives of our study were to 1) compare
home ranges, day ranges, and spatial patterns of bearded saki groups in forest
fragments of various sizes and in continuous forest; 2) compare travel patterns, i.e.,
distance and movement paths among these groups; and 3) analyze seasonal
fluctuations in movement patterns.

Methods

Study Site and Subjects

We collected focal individual movement data from July to August 2003, and then
from January 2005 to April 2006, at the Biological Dynamics of Forest Fragments
Project (BDFFP), located approximately 80 km north of Manaus, Brazil (2°30′S,
60°00′W). BDFFP is the site of a long-term project on fragmentation, facilitated by
the Instituto Nacional de Pesquisas da Amazônia (INPA) in Manaus, Brazil, and the
Smithsonian Tropical Research Institute (STRI). The forest fragments are catego-
rized into size classes of 1, 10 and 100 ha (Fig. 1), and were initially isolated from
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the continuous forest by distances of 70–1000 m (Laurance et al. 2006). The forest is
tropical moist terra firme, and the matrix surrounding the forest fragments ranges
from pasture to tall secondary growth forest. Boyle (2008a) characterized the matrix
for each of the forest fragments during the study, and Gascon and Bierregaard (2001)
provided a detailed history of BDFFP and a review of the first 20 yr of research at
the site.

Six primate species reside in the BDFFP study area: red howlers (Alouatta
macconnelli), black spider monkeys (Ateles paniscus), brown capuchins (Cebus
apella), bearded saki monkeys (Chiropotes satanas chiropotes), golden-faced
saki monkeys (Pithecia pithecia chrysocephala), and golden-handed tamarin
monkeys (Saguinus midas). The presence of these 6 species in the BDFFP forest
fragments has been variable, as some species, e.g., black spider monkey, have
been virtually absent from most of the fragments (Boyle 2008b; Gilbert 2003;
Gilbert and Setz 2001; Rylands and Keuroghlian 1988; Schwarzkopf and Rylands
1989).

Bearded saki monkeys were present in the BDFFP study area before the creation
of the study site; however, they were absent from all of the study’s forest fragments
immediately after the initial isolation process (Rylands and Keuroghlian 1988).
Although the species recolonized several of the forest fragments 7–19 yr later, some
of the fragments have never hosted bearded sakis (Boyle 2008a; Gilbert 2003;
Gilbert and Setz 2001). Bearded saki monkeys had smaller group size and greater
density (individual/ha) in the forest fragments, and the species was unlikely to cross
the matrix unless there was tall secondary growth forest present (Boyle 2008a).
Therefore, the monkeys were permanent residents of the isolated forest fragments
during the study period, but they traveled in and out of 2 100–ha fragments that were
linked to continuous forest by forested corridors.

Fig. 1 Biological Dynamics of Forest Fragments Project (BDFFP) study site, located 80 km north of
Manaus, Brazil. We surveyed 9 forest fragments throughout the Dimona, Porto Alegre, and Esteio ranches.
We found bearded saki monkeys in both continuous forest sites (Cabo Frio and Km41), both 100-ha
fragments (no. 2303 and no. 3304), 2 10-ha fragments (no. 2206 and no. 1202), and 1 1-ha fragment (no.
2107). Black polygons represent the forest fragments, gray areas represent the matrix, and white represents
forest.
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Data Collection

We surveyed nine forest fragments—4 1-ha (nos. 1104, 2107, 2108, and 3114), 3
10-ha (nos. 1202, 2206, and 3209), and 2 100-ha fragments (nos. 2303 and
#3304)—and 2 areas of continuous forest (Cabo Frio and Km41) for bearded
saki monkeys. Each cycle consisted of a rotation through the 9 forest fragments
and 2 continuous forest sites. It took ca. 2.5 mo to complete each cycle. We
conducted 1 census cycle in July–August 2003, 4 cycles in 2005, and 1 cycle in
2006. The durations of the cycles were as follows: July 18– August 12, 2003 (cycle
2003), January 17–April 4, 2005 (cycle 1), April 13–June 22, 2005 (cycle 2), August
5–October 10, 2005 (cycle 3), October 19–December 12, 2005 (cycle 4), January
18–March 27, 2006 (cycle 5). We compared the cycles to determine seasonal
differences in the monkeys’ spatial use of the forest fragments. Each study group
was habituated to human presence.

On the first day in each study area for each cycle, we conducted a primate census
of all six species by walking line transects along already established trails, following
the methods of Rylands and Keuroghlian (1988) and Gilbert (2003). If bearded sakis
were present in the study site during the primate census, we designated them the
focal study group for that study site’s cycle, and subsequently relocated and followed
them for 3 consecutive days. There was never >1 group of bearded sakis in a forest
fragment. We identified the groups throughout the study period using group size,
group composition, and several key recognizable individuals.

On locating a group of bearded sakis, we tracked the same group from the time
they awoke in the morning until the time they settled down for the night (ca. 0530–
1730 h). Using instantaneous and group scan sampling techniques (Altmann 1974),
every 5 min we recorded the group’s geographic location via a handheld GPS
receiver. If individuals were eating fruit, flowers, or leaves, we marked the feeding
tree with plastic flagging and assigned a unique number. The system allowed for
subsequent identification of the plant species, as well as the monitoring of revisits by
monkeys to feeding trees during a cycle and throughout the year. The spatial data
represent 7224 instantaneous scans (602 contact hours) of the bearded saki monkeys.

Spatial Analysis: Home and Day Range

We mapped daily travel routes and the subjects’ feeding trees via ArcView 3.3. We
determined home range (ha), day range (ha), and daily distance traveled (km) via the
Home Range Extension (Rodgers and Carr 2002) for ArcView. We calculated home
range and day range via a minimum convex polygon (Odum and Kuenzler 1955).
We did not use kernel density estimators (Worton 1987), another method for
estimating home range, to calculate day range because they were inconsistent and
overestimated the size of the area when sample size was low (Boyle et al. 2009). We
calculated the percentage of each forest fragment used by bearded saki monkeys via
a minimum convex polygon for all bearded saki data points. Because minimum
convex polygon does not provide data on the proportion of time spent in various
areas of the home range, we used kernel density estimators to determine the core
areas used by the bearded saki monkeys. Because the calculations were based on
total points for each study site, kernel density estimators performed well, due to large
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sample sizes. The average percentage difference between the 2 methods of home
range estimation (±standard error) was 4.5% (±1.1).

We calculated home range size for 4 bearded saki groups (continuous forest sites
Km41 and Cabo Frio, and 10-ha fragments nos. 1202 and 2206). We did not
calculate home range for the 2 groups in the 100-ha fragments (nos. 2303 and
3304) because they frequently left and reentered the fragments using forested
corridors. It was not possible to monitor their overall use of the BDFFP landscape
because we did not follow them outside of the forest fragments. We also did not
calculate home range for the sole individual in the 1-ha fragment because the
monkey was present for only 1 cycle in 2003. We do not know whether the
individual left the fragment or died.

We calculated day range (ha) and area used per hour (ha/h) for each day in each
study site to evaluate the monkeys’ use of the forest. The primary purpose for
calculating day range was to determine whether the monkeys in the fragments were
maximizing the entire forest fragment daily. We determined an hourly average in
addition to the daily area total because contact hours with the monkeys varied daily
and between groups. All forest fragments (n=5) and continuous forest sites (n=2)
used by bearded saki monkeys were included in the analyses of day range. We
compared each dependent variable among forest size classes using ANOVA, with
Student’s t post hoc analyses. We examined area used per hour across cycles via
repeated measures ANOVA with a Greenhouse-Geisser correction for data not
meeting sphericity assumptions. Because there were differences among forest size
classes in overall analyses, we also included fragment size here as a between-
subjects factor in repeated-measures analyses. We determined the seasonal
comparisons only with data from study sites (n=4; nos. 1202, 2206, 2303, and
Km41) where bearded saki monkeys were present during all of the study cycles.

We classified the spatial distribution (clumped, random, or uniform pattern) for
each bearded saki group using a nearest-neighbor analysis in the Animal Movement
extension (Hooge and Eichenlaub 1997) for ArcView. We calculated an R statistic,
the ratio of the actual average distance between the nearest-neighbor points and the
expected average distance between points, and a z-score indicated whether the
deviation from randomness was significant at α=0.05 (Lee and Wong 2001). We
followed this same procedure for the trees that were used for food by bearded saki
monkeys.

Spatial Analysis: Travel Patterns

We calculated the daily distance traveled (km) and distance traveled per hour (km/h)
for each day of data. We compared travel distance among forest size classes using
ANOVA. We tested to see if there were differences in the distance traveled per hour
across data cycles using repeated measures ANOVA with a Greenhouse-Geisser
correction. Forest size class was again included as a between-subjects factor because
distance traveled varied with size class in overall analyses. The seasonal analysis
included only study sites (n=4) where bearded saki monkeys were present for all of
the data cycles. To compare the distance traveled and area of forest used daily, we
divided distance (km) by area (ha) to provide a measurement in the amount of space
used versus distance traveled. We compared forest size classes via ANOVA.
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We scored daily travel patterns on a continuum from straight-line paths to circular
paths based on the distance between the start and stop endpoints for the day, divided
by the total distance traveled. A value of 1 indicated a straight line from start to
finish, and a value of 0 indicated that the group had fully returned to its starting
point. We log-transformed the data to meet the assumption of normality. We
compared size classes using ANOVA. We also calculated the percentage of the
feeding trees that were revisited throughout the day, and compared the results
between forest class sizes using ANOVA.

Results

Presence in Forest Fragments

Northern bearded saki monkeys were present in 5 forest fragments (nos. 3304, 2303,
2206, 1202, and 2107) and 2 areas of continuous forest during the study; however,
the bearded saki monkeys were continuously present in only 2 of the BDFFP forest
fragments (nos. 1202 and 2206, both in the 10-ha fragment size class) during each of
the study cycles in 2003, 2005, and 2006. Only 1 group was present in each 10-ha
fragment, and group size was 4 for both fragments (2 males and 2 females) until
October 2005, when a female disappeared from fragment no. 1202. Bearded saki
monkeys were present in both 100-ha fragments (nos. 3304 and 2303), but groups
left and reentered both sites frequently, and fragment no. 3304 hosted bearded sakis
for only 2 of the 6 data collection cycles. There was only 1 group in each of the 100-
ha fragments, and both groups were multimale and multifemale. Group size was 8–
12 in no. 2303 and 13–14 in no. 3304. One individual was present in 1-ha fragment
no. 2107 in 2003. Group size in the continuous forest was 22–35 at Cabo Frio and
20–33 at Km41.

We never encountered bearded saki monkeys in 4 of the 9 forest fragments. The
presence of the other 5 primate species varied, and there was no indication that any
primates were ever present during the study in 1-ha fragments nos. 2108 and 3114
(Table I).

Home and Day Ranges

Bearded saki home range in continuous forest was 559 ha at the Km41 study area
and 300 ha at the Cabo Frio study area. The home ranges of the groups living in the
10-ha forest fragments (no. 2206: actual area 13.96 ha; and no. 1202: actual area
13.67 ha, includes 0.57 ha of tall secondary forest buffer strip) were 12.05 ha and
13.67 ha, respectively.

Bearded saki monkeys occupied a larger average daily area in the continuous
forest than in the 10-ha and 1-ha forest fragments (F3,3=10.61, p=0.042;
Table II). There was an even greater difference when we compared average area
used per hour among forest size classes (F3,3=52.20, p=0.0043). Both of these
results remained significant when we excluded data from the 1-ha fragment
(average daily area: F2,3=11.21, p=0.041; average area used per hour: F2,3=59.53,
p=0.0039).
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When we compared data across the 5 2005–2006 study cycles for the 4 bearded
saki groups, there was a difference between cycles (F1,1=356.31, p=0.0034; Fig. 2),
with area use increasing in cycle 2, the April–June 2005 time period immediately
preceding the dry season. The interaction between cycle and size was marginally
significant (F2,1=186.06, p=0.052), with the seasonal effect being most pronounced
in the continuous forest.

Table I Northern bearded saki (Chiropotes satanas chiropotes) presence in BDFFP forest fragments
(2003, 2005–2006)

Chiropotes
present?a

No. of censuses (n=6) Mean group size Other primate
species presentb

100-ha fragments

No. 2303 Yes 6c 10.33 (±0.67) Alouatta

Cebus

Pithecia

Saguinus

No. 3304 Yes 2 13.50 (±0.50) Alouatta

Cebus

Pithecia

Saguinus

10-ha fragments

No. 1202 Yes 6 3.57 (±0.20) Alouatta

Ateles

Pithecia

Saguinus

No. 2206 Yes 6 4.00 (±0.00) Alouatta

Pithecia

Saguinus

No. 3209 No Alouatta

Cebus

Pithecia

Saguinus

1-ha fragments

No. 1104 No Alouatta

No. 2107 Yesd 1 1.00 (±0.00) Alouatta

No. 2108 No

No. 3114 No

a Indicates whether northern bearded saki monkeys (Chiropotes satanas chiropotes) were present during
any part of the study.
b Indicates the presence of other primate species in the forest fragments, but does not assume permanent
presence.
c Bearded saki monkeys were present for all 6 censuses, but they frequently left and re-entered the forest
fragment.
d Present only in 2003.
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Spatial Use of the Forest Fragments

In 2005–2006, bearded saki monkeys used 83% of the available area in the 100-ha
fragment no. 2303, 54% of the 100-ha fragment no. 3304, 100% of the 10-ha
fragment no. 1202, and 86% of the 10-ha fragment no. 2206. Bearded saki monkey
groups occupied their forested habitat in a clumped pattern in the continuous forest
sites (n=2) and in the 100-ha fragments (n=2), and in a uniform pattern in the 10-ha
fragments (n=2; Table III). The spatial distribution of the feeding trees was clumped
in all study sites, except for 10-ha fragment no. 1202.

When we examined the areas of frequent and infrequent use by the bearded saki
monkeys in the 10-ha and 100-ha forest fragments, we found that the subjects
concentrated the majority of their activities away from low-lying riparian areas that
contained an abundance of palms (Arecaceae), which were rarely utilized as a food

Table II Home range, day range, and daily travel distancesa

Continuous forest
(n=2)b

100-ha fragments
(n=2)

10-ha fragments
(n=2)

1-ha fragment
(n=1)

Home range (ha)

Mean (± SE) 429.5 (±129.5) n/ac 12.36 (±0.31) n/ad

Range 300–559 12.05–13.67

Day range (ha)

Mean (± SE) 32.92 (±4.27) 23.40 (±0.46) 4.87 (±0.02) 0.43 (±0.00)

Range 28.65–37.18 17.39–29.41 4.56–5.19 n/a

Area/h (ha/h)

Mean (± SE) 5.28 (±0.26) 3.01 (±0.46) 0.57 (±0.02) 0.05 (±0.00)

Range 5.02–5.54 2.55–3.47 0.55–0.59 n/a

Daily distance (km)

Mean (±SE) 2.99 (±0.02) 2.83 (±0.22) 1.72 (±0.09) 0.41 (±0.00)

Range 2.97–3.01 2.61–3.05 1.71–1.73 n/a

Distance (km/h)

Mean (± SE) 0.42 (±0.01) 0.36 (±0.01) 0.20 (±0.01) 0.04 (±0.00)

Range 0.40–0.43 0.35–0.38 0.19–0.21 n/a

Distance (km/ha)

Mean (± SE) 0.01 (±0.02) 0.13 (±0.02) 0.42 (±0.00) 0.96 (±0.00)

Range 0.08–0.11 0.11–0.15 0.42–0.42 n/a

aWe studied only 1 group in each site.
bWe calculated spatial data for 2 continuous forest sites (Km41: 576 GPS points; Cabo Frio: 540 points),
2 100-ha fragments (no. 2303: 798 points; no. 3304: 390 points), 2 10-ha fragments (no. 1202: 1881
points; no. 2206: 1359 points), and 1 1-ha fragment (no. 2107: 192 points).
c Monkeys were not permanent residents of the forest fragments during the study; therefore, it was not
possible to calculate accurate home ranges.
d One bearded saki monkey was present in 2003, but never in 2005–2006. Data were not adequate to
calculate home range, given the uncertainty of the individual, i.e., left fragment, death.
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resource by the monkeys. The monkeys traveled through these areas, but they did
not spend a considerable amount of time there.

Travel Patterns

Bearded saki monkeys traveled greater daily distances in the continuous forest and
100-ha fragments than in the smaller fragments (all data: F3,3=58.97, p=0.0036; 1-ha
data excluded: F2,3=29.77, p=0.011; Table II). When we standardized comparisons
by distance traveled per hour, differences between the forest size classes were even
greater (all data: F3,3=155.13, p=0.0009; 1-ha data excluded: F2,3=99.70, p=
0.0018). There was no difference in distance traveled per hour between cycles (F1,1=
1.44, p=0.44) or in the interaction between cycle and size (F2,1=2.62, p=0.40). The
monkeys traveled greater distances per ha in the smaller fragments (all data: F3,3=
431.78, p=0.0002; 1-ha data excluded: F2,3=133.73, p=0.0012).

Table III Spatial patterns of bearded saki monkeys and feeding trees

Site Size Bearded saki locations Feeding trees

Patterna R z n Pattern R z n

Km41 Continuous Clumped 0.55 −20.19 586 Clumped 0.53 −13.89 251

Cabo Frio Continuous Clumped 0.73 −9.37 326 Clumped 0.58 −6.21 61

No. 3304 100 ha Clumped 0.73 −10.22 387 Clumped 0.65 −4.78 51

No. 2303 100 ha Clumped 0.90 −5.29 798 Clumped 0.80 −5.50 208

No. 2206 10 ha Uniform 1.22 15.42 1359 Clumped 0.84 −3.67 144

No. 1202 10 ha Uniform 1.56 47.11 1944 Random 1.03 0.71 155

a The spatial distribution of the bearded saki monkeys’ feeding trees and the geographic locations of the
monkeys were classified to be in random, clumped, or uniform patterns, using the R-value obtained from
nearest-neighbor analysis (R=1 indicates a random pattern, R<1 indicates a clumped pattern, and R>1
indicates a uniform pattern). The pattern was determined to deviate significantly from a random pattern at
α=0.05 if z>1.96 or z<−1.96. These data are from 2005–2006.

Fig. 2 Average area of forest
used per hour across cycles
(± standard error bars) for all
bearded saki groups present for
all 5 data collection cycles from
2005 to 2006.
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Overall, monkeys in the continuous forest traveled more in a straight-line path
(value close to 1) than the monkeys in the 100-ha and 10-ha fragments, which
followed more circular (value close to 0) daily routes (F2,3=14.37, p=0.029). When
we considered the individual in the 1-ha fragment with the other bearded saki groups,
there was still an overall difference between size classes (F3,3=9.58, p=0.048;
Fig. 3a), but the 1-ha fragment values (from 2 days of data) were not statistically
different from the values of the other size classes. Further, bearded saki monkeys
revisited a smaller percentage of feeding trees in continuous forest and 100-ha
fragments than in the smaller fragments (F3,3=103.34, p=0.0016; Fig. 3b), and this
pattern held when we omitted data from the 1-ha fragment (F2,3=15.72, p=0.026).

Discussion

The purpose of our study was to compare a variety of bearded saki groups living in
forest fragments of different sizes and continuous forest. As a result, sampling effort
was lower for each group than it would have been had we followed only 1 group.

Fig. 3 Daily travel patterns. (a)
Values close to 0 represent a
circular route, and values close
to 1 represent a straight-line
route. (b) Percentage of feeding
trees revisited each day. Stan-
dard error bars are presented in
the graphs, and A, B, and C
represent differences among the
groups determined by Student’s
t post hoc analyses.
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Although sampling effort was lower per group, there were extreme spatial variations
between bearded saki monkeys living in small forest fragments and monkeys living
in continuous forest. Bearded sakis living in 10-ha fragments occupied smaller daily
areas, traveled shorter distances daily, revisited a larger percentage of feeding trees
throughout the day, followed more circular paths, and moved in a more uniform
pattern throughout their habitat than bearded saki monkeys living in 100-ha
fragments and continuous forest. Further, in the majority of the study areas, the
monkeys did not obtain food resources from all areas of available forest. The results
indicate that forest fragment size influences the spatial use of the patch by bearded
saki monkeys, but other characteristics of the fragment, e.g., tree composition,
resource availability, and canopy openness, may also affect a forest fragment’s
potential to provide adequate resources for the species.

Both continuous-forest home range estimates from this study, 300 ha at Cabo Frio and
559 at Km41, exceeded the previously stated home ranges for bearded saki monkeys of
200–250 ha (Ayres 1981; van Roosmalen et al. 1981). However, van Roosmalen et al.
(1981) stated that their home range estimate was conservative and not accurately
calculated. Further, their day range estimates were based on only 5 days of data. It is
likely that the bearded sakis in our study had home ranges >559 ha in the continuous
forest. We had fewer contact hours with the bearded saki monkeys at Cabo Frio than at
Km41. Because average daily area used and distance traveled were similar at the 2
sites, it is possible that the bearded saki monkeys at Cabo Frio had a home range that
approached the size of the home range of the monkeys at Km41. There were no outlier
points in the data sets that would have influenced home range estimates.

Our data did not fit the notion that primates minimize the daily distance traveled
in order to locate food resources (Milton 1984) because the bearded saki monkeys in
the small forest fragments traveled long daily distances per area of forest available
(km/ha). The monkeys in the small forest fragments also revisited a greater
percentage of feeding trees daily than the bearded sakis living in the larger forested
areas. We can assume that the monkeys did not deplete their resources after each
feeding bout, as they were able to return hours later and feed again, but the additive
effect of these revisits could indicate a greater pressure on the resources in the forest
fragments. Even though group size was smaller in the 10-ha forest fragments than in
the continuous forest, bearded saki monkeys lived at greater densities in the small
forest fragments than in the continuous forest (Boyle 2008a), which suggests that
resource competition may have been greater in the small fragments. Our data for
feeding tree revisits by the monkeys in continuous forest and 100-ha fragments were
in accordance with Norconk and Kinzey (1994).

Overall bearded sakis used a greater area of forest per hour before the start of the
dry season. Seasonal differences were most pronounced in the continuous forest,
with little fluctuation in the 10-ha fragments. The lack of seasonal fluctuations in the
10-ha fragments may indicate that the monkeys were maximizing their resources
throughout the year.

The matrix surrounding the forest fragments was heterogeneous during the study,
and has varied since the 1980s (Bierregaard Jr. and Stouffer 1997; Boyle 2008a).
There was no evidence that bearded saki monkeys traveled in or out of any of the
forest fragments that were surrounded by a matrix of pasture and low secondary
growth (Boyle 2008a). The exact date of when the monkeys arrived in the 2 10-ha
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fragments is not known, but it is possible that the monkeys entered these fragments
when tall secondary growth was more prevalent in certain areas of the matrix.
Bearded saki monkeys did, however, travel in and out of the 100-ha fragments
throughout the study period, and both of these forest fragments were connected to
continuous forest by forested corridors. Had the monkeys been isolated in the 100-ha
fragments, it is likely that they would have used a greater percentage of the
fragments.

Bearded saki group size in the forest fragments was not typical of group size in
the continuous forest. This was evident even in the 100-ha fragments. Because the
bearded sakis in the 100-ha fragments left and re-entered the fragments, it is possible
that the monkeys were part of a larger group; however, there were never >14
individuals in a 100-ha forest fragment at one time.

One of the goals in many conservation studies is to determine the minimum
fragment size needed to sustain a species (Lovejoy and Oren 1981). Although it is
important to understand a species’ spatial and habitat needs, the size of the fragment
is not the only consideration. In this study, bearded saki monkeys did not always
utilize the entire area available to them. Sites that had many tree falls, and areas
dominated by riparian or variably flooded habitats, were avoided. Only in fragment
no. 1202, where there were no streams present, and the habitat was fairly
homogeneous, did the monkeys use all parts of the forest fragment. Therefore, it is
important to take into consideration habitat characteristics, particularly if the
individuals are living in a forest fragment. Forest fragments experience greater tree
mortality, mortality of large trees near forest edges, changes in tree species
composition, and changes in microclimate relative to interior, continuous forest
(Laurance et al. 2000, 2006). If there are stochastic events, such as increased tree
falls and tree mortality due to heavy wind or storms, even less of the fragment may
be available as habitat. Further, in years of low resource productivity, some small
patches may not provide the minimum amount of resources necessary for the
monkeys. This is especially of concern with the monkeys at BDFFP because 1) the
bearded saki monkeys appeared to be uniformly maximizing their use of both 10-ha
fragments; and 2) no bearded saki infants were observed in the 10-ha fragments
during this study, raising the possibility that the nutritional contents of such
fragments may not be sufficient for the reproduction of the inhabiting individuals
(Boyle 2008a). It is also possible that bearded saki groups in the 10-ha fragments
were not reproducing due to other demographic variables that were present in these
small forest fragments.

Our data suggest that further decreases in the size of the forest available to
bearded saki monkeys, and the accompanying changes in group size and spatial
patterns, could negatively affect bearded saki populations. In continuous forest,
bearded sakis live in large groups that split into smaller parties and then regroup
together several times during the day (Norconk and Kinzey 1994; van Roosmalen et
al. 1988), yet we never spotted bearded sakis leaving the 2 10-ha fragments, and we
never noted bearded sakis entering these forest fragments. Thus, at least for the
duration of our study, the monkeys in the 10-ha fragment did not appear to belong to
a larger group and did not come in physical contact with other bearded saki
monkeys. Further study of the bearded saki monkeys at BDFFP is critical in order to
understand how the isolated groups in the 10-ha fragments fare, and whether the
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monkeys leave their fragment and interact with conspecifics from the continuous
forest.

We conclude that 1) species with large home ranges are capable of inhabiting
forest fragments that are considerably smaller that the species’ typical home range,
but living in such forest fragments may alter the monkeys’ behavior, demographics,
and ecology; 2) the conservation of large tracts of forest is essential for the future
status of species with large home ranges; 3) the habitat type of the area should be a
priority in determining future reserves; and 4) the development of tall secondary
growth forest could connect populations that are isolated in forest fragments.
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