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Predation Risk and the Interspecific Association of Two Brazilian Atlantic Forest
Primates in Cabruca Agroforest
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Forming interspecific associations is one of many strategies adopted by primates in order to avoid
predation. In addition to improved predator detection and avoidance, benefits of interspecific
associations relate to improved foraging efficiency. In this study we tested these two hypotheses
explaining associations between the endangered golden-headed lion tamarin, Leontopithecus chrysomelas and the sympatric Wied’s marmoset, Callithrix kuhlii. We estimated predation risk by
recording the number of encounters between lion tamarins and potential predators in cabruca
agroforest (shaded cacao plantation) and in mosaic forest (a mix of cabruca, primary and secondary
forest). To evaluate if the association between the two species was related to foraging benefits we
recorded the number of associations between the two species when the lion tamarins were eating and
when they were not eating. To test if the association occurred to improve predator detection and
avoidance, we evaluated if associations between the species were more frequent in areas with higher
predation risk and during the part of the day when predation risk is higher. We also compared the
number of associations 3 months before birth events and 3 months after, when the lion tamarins are
more susceptible to predation. Predation risk, mainly by raptors, was significantly higher in cabruca
than in mosaic forest (0.17 and 0.05 encounters with predators per hour of observation, respectively).
Associations were significantly more frequent after birth events and during the part of the day when
predation risk was also higher (5–6 am until noon). We did not observe any direct evidence of foragingrelated advantages of interspecific associations for the lion tamarins. The tamarins did not associate
more when they were foraging. Our findings suggest that lion tamarins are more exposed to predation
in cabruca than in mosaic forest and associations between lion tamarins and Wied’s marmosets are
related to predation avoidance. Am. J. Primatol. 73:852–860, 2011.
r 2011 Wiley-Liss, Inc.
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INTRODUCTION
Predation is an important evolutionary force
that shapes animal behavior and ecology [Cheney &
Wrangham, 1987; Stanford, 2002]. Despite their
importance, predation events are rare and unpredictable, which makes them difficult to observe in
field studies. The majority of evidence concerning
predation on primates consists of anecdotal observations [Bartecki & Heymann, 1987; Chapman, 1986;
Condit & Smith, 1994; Passamani et al., 1997] or
studies in which primate remains were found in
stomach contents or fecal samples of predators
[Bianchi & Mendes, 2007; Fay et al., 1995; Hart,
2007; Tsukahara, 1993; Ximenez, 1982].
Primates use several strategies to avoid predation. Small primates, for example, may opt to live in
large groups as a strategy to increase protection
against predators [Chapman & Chapman, 2000a], as
large groups provide more ears and eyes to detect
predators [Chapman & Chapman, 1996], confound
the predator [Morse, 1977] and/or dilute the preda-
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tion risk for each individual [Hamilton, 1971].
However, large groups may also face constraints
due to reduced foraging efficiency, increased competition for food resources [Terborgh & Janson, 1986]
and increased travel distance [Chapman et al.,
1995; Chapman and Chapman, 2000b; Janson &
Goldsmith, 1995; Wrangham et al., 1993], which can
increase exposure to predation [Lucas et al., 1994;
McNamara & Houston, 1987].
The social system of some species may also prevent
them from increasing their group size [Zuberbuhler,
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2007]. Golden-headed lion tamarins live in groups of
from 2 to 15 individuals, with a single breeding female.
For the golden-headed lion tamarin, another constraint
to the formation of large single-species groups appears
to be the availability of suitable sleeping sites. Family
groups of lion tamarins sleep together, mainly in tree
holes [Raboy & Dietz, 2004; Rylands, 1989]. Large
groups may have fewer tree cavities available in their
area that are large enough to accommodate all
individuals. A possible solution for this constraint on
group size is to form an interspecific association during
the day. In this way, the associated species may
increase the effectiveness of predator avoidance in the
same way that more individuals of the same species
may improve predator detection [Terborgh, 1983], but
without competing for shelter space.
Interspecific associations occur when individuals of
two or more species travel or forage in close proximity.
Benefits of these associations have been widely debated
in the literature [Chapman & Chapman, 2000a; Cords,
2000; Heymann & Buchanan-Smith, 2000], and are
generally grouped into explanations based on improved
foraging efficiency and improved predator detection
and avoidance. Interspecific associations may increase
foraging benefits by increasing access to plant food or
feeding sites and guiding to more profitable feeding
areas [Chapman & Chapman, 1996; Gautier-Hion
et al., 1983; Terborgh, 1983], increasing access to
invertebrate prey [Peres, 1992], or increasing resource
exploitation in different forest strata [McGraw &
Bshary, 2002; Porter, 2001; Wolters & Zuberbuhler,
2003]. In contrast with same-species groups, individuals in interspecific groups do not compete for mates,
competition for food resources is lower than in large
monospecific groups [Zuberbuhler, 2007] and the
species involved in the association may have complementary defense skills such as different predator
detection abilities [Bshary & Noë, 1997; Noë & Bshary,
1997; Stojan-Dolar & Heymann, 2010a].
In this study, we test two hypotheses explaining
the association between the golden-headed lion
tamarin, Leontopithecus chrysomelas and the Wied’s
marmoset, Callithrix kuhlii. Although both species
may benefit from associating, here we evaluate the
advantages of this association for lion tamarins only.
The first hypothesis is that associations between lion
tamarins and marmosets are explained by increased
access to food resources. If so, we expect that associations between these two species will occur more
frequently in areas where access to food resources
is more difficult for monospecific groups than for
mixed-species groups [Chapman & Chapman, 1996;
Terborgh, 1983], for example, areas where location of
specific food resources are known by one species but
not the other [Raboy, 2002] or where food is scarce
and there is limited dietary overlap between the
involved species [Noë & Bshary, 1997]. We also expect
to see the two species associate more frequently when
lion tamarins are foraging or feeding (either on fruits

or for small animals in bromeliads) than when they
are not foraging or feeding. Data on the diet of lion
tamarins in cabruca (shaded cacao agroforest) and
mosaic forest (a mosaic of cabruca, primary and
secondary forests inside groups home range) show
that food resources, mainly jackfruit and bromeliads,
two key resources for the lion tamarins [Oliveira
et al., 2010] are more abundant and consistently
available throughout the year in cabruca than in
mosaic forest [Oliveira et al., 2011]. Second, we test
the hypothesis that association between the two
species occurs to reduce risk of predation. We test
three predictions associated with this hypothesis.
First, if association between the two species serves
to decrease predation risk we predict that interspecific
associations will be more frequent in areas of high
predation risk. Second, because infants are the most
vulnerable age class [Caine, 1993; Gould & Sauther,
2007; Izawa, 1978], and the presence of noisy infants
may increase the likelihood of detection by predators
like raptors [Heymann, 1990] and thus create a need
for increased vigilance, we predict that the proportion
of time lion tamarins spend in association with
marmosets will be higher when groups contain
infants. And finally, we predict that the two species
will associate more frequently during times of day
when predation risk is greatest.
METHODS
Study Sites
This study was carried out in the cacao growing
region of southern Bahia state, Brazil, in the
municipalities of Ilhéus, Jussari, Camacan, Arataca
and Una. We collected data from seven groups of lion
tamarins that were divided into two categories
according to the vegetation types in which they were
found: groups that lived exclusively in cabruca
(municipality of Ilhéus: Almada, Bomfim and Santa
Rita groups), and groups that used a mosaic forest
(municipalities of Una, Arataca, Camacan and Jussari:
Ararauna, Bem te vi, São José and Teimoso groups,
respectively) (Fig. 1) hereafter referred to as mosaic
groups. Data from all groups were used to estimate
the predation risk, whereas we used data from only six
groups to analyze associations between the two
species. The group São José was excluded from this
analysis because after 3 months of observation, one
individual disappeared and the other joined a group of
marmosets in a cabruca area. Thus, the amount of
time the lion tamarins spent with marmosets would
be overestimated and subject to misinterpretation.
Study Species
Both lion tamarins and Wied’s marmosets are
endemic to southern Bahia state and the northwest
corner of Minas Gerais state, Brazil. They are
cooperative breeders with group sizes ranging from
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Fig. 1. Geographic distribution of the golden-headed lion tamarin in southern Bahia state, Brazil and the location of the study sites. Map
created by Becky Raboy based on a reclassification of land cover at 30 m resolution published in Landau et al. [2003] from 1996 to 1997
Landsat data.

2 to 15 individuals for the lion tamarins [Oliveira
et al., 2011] and 4 to15 individuals for the marmosets
[Raboy et al., 2008]. Both species feed on ripe fruits,
insects and small vertebrates [Raboy, 2002; Rylands,
1989], but the marmosets also feed on gum when
fruits are less abundant [Raboy et al., 2008; Rylands,
1986]. Wied’s marmosets are smaller and lighter
(approximately 375 g) [Rylands, 1989] than goldenheaded lion tamarins (approximately 620 g) [Oliveira
et al., 2011]. Typically, Wied’s marmosets have
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smaller home ranges (ca. 33 ha) and higher densities
(0.5–0.68 individuals/ha) than lion tamarins (83 ha,
0.12 individuals/ha) [Oliveira et al., 2011; Raboy
et al., 2008; Rylands, 1989]. The lion tamarins and
marmosets typically use different strata in primary
forest; lion tamarins are commonly found in the
upper canopy and marmosets in the lower canopy
[Rylands, 1989]. Associations between the lion
tamarins and marmosets have been reported by
other authors [Raboy, 2002; Rylands, 1989] and
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based on a random gas model analysis [Waser, 1982]
the occurrence of these associations was reported to
be nonrandom in space and duration [Raboy, 2002].
Data Collection
We captured seven lion tamarin groups in the
study areas using Tomahawk live traps (48.3 
15.2  15.2 cm) baited with banana and placed on
platforms 1.5 m above ground [Dietz et al., 1996]. All
handling complied with the protocols approved by
the University of Maryland Animal Care and Use
Committee (number R-07-75); animal captures
were also approved by the Brazilian Environmental
Agency (IBAMA/ICMBio) permit numbers 12334-1
and 18444-1. This research adhered to the American
Society of Primatologists principles for the ethical
treatment of primates (http://www.asp.org/society/
resolutions/EthicalTreatmentOfNonHumanPrimates.
html).
We affixed radio-collars to one or two individuals
from each group to facilitate location and monitoring.
We followed the lion tamarins during complete days
(from the time the group left its sleeping site in the
morning until they entered a sleeping site in the
evening), or partial days (either from the time they
left the sleeping site until noon, or from noon until
they entered a sleeping site). The groups were
observed from April 2008 to September 2009 with
a total sample effort of 2,500 hr of observation
(106–569 hr of observation per group).
Predation Risk
Predation risk was defined as the animal’s own
perception of the likelihood of being subject to an
attack by a predator, irrespective of whether or not
the attack is successful [Hill & Dunbar, 1998]. We
documented all encounters between lion tamarins
and potential predators. These were defined as any
situation in which an animal posing a potential
threat to lion tamarins was seen by the observer
near the group as in Franklin et al. [2007]. We also
documented when a predator mounted an attack
on the lion tamarins. We recorded the time and
geographic coordinates of the encounter and when
possible the identity of the predator. We recorded
time and location of every alarm call made by the lion
tamarins (even when potential predators were not
seen by us). We discarded all alarm calls made by lion
tamarins to birds that we did not regard as potential
predators, such as vultures (Cathartes, Coragypis), the
squirrel cuckoo (Piaya cayana), toucans (Rhamphastos),
and aracaris (Pteroglossus).
Association Between Lion Tamarins and
Wied’s Marmosets
At 20 min intervals we recorded the geographic
location of the lion tamarin group under observation

and noted whether they were in association with
marmosets. We defined two groups as being in
association when the lion tamarins and marmosets
were less than 50 m apart (as used in Raboy [2002]
and in certain other studies [Buchanan-Smith, 1990;
Buzzard, 2010; Chapman & Chapman, 1996, 2000c;
Wachter et al., 1997]).

Data Analysis

Predation risk
We estimated predation risk by dividing the
number of encounters with predators (including
alarm calls) for each group of lion tamarins by the
sample effort for that group (measured as the number
of hours of observation). We tested the differences
between predation risk in cabruca groups and mosaic
groups using one-way ANOVA. To reduce the effect of
observation bias on the estimation of predation risk
we also recorded the number of alarm calls made by
the lion tamarins when we did and did not observe the
predator. We assumed that the lion tamarins could
detect predators equally well in cabruca and in mosaic
forests. We tested the difference between the numbers
of alarm calls in the two vegetation types using
one-way ANOVA. We also evaluated the number of
predator attacks on lion tamarins in both cabruca and
mosaic forest. We defined an attack to occur when
a predator was flying toward the lion tamarins
(for raptors) or running toward the lion tamarins
(carnivores). We tested the differences between the
number of observed predator attacks on lion tamarins
in cabruca groups and in mosaic groups using one-way
ANOVA.
We evaluated whether the predation risk was
higher with infants in the group by comparing
predation risk during the 3 months before a birth
and the 3 months after a birth (the month of birth
plus the 2 consecutive months after the birth). For
this analysis we used data from three groups
combined: two from cabruca (Almada and Santa
Rita) and one from mosaic forest (Teimoso). The
sample effort (number of hours of observation) was
standardized per month of observation across all
three groups (15476 hr) before and after birth. We
used a Wilcoxon signed rank test with an a level of
0.05, to compare the predation risk before and after
the birth of infants.
In order to evaluate whether predation risk
varied over the day, we divided the day into two
periods, from the time the lion tamarins left the
sleeping site until noon (half 1) and from noon
until they entered a sleeping site (half 2). For this
analysis we considered only complete days of
observation. To test whether predation risk differed
between the first (half 1) and second (half 2) periods
of the day we used a Wilcoxon signed rank test
with a level of 0.05.
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Association Between the Lion Tamarins
and Wied’s Marmosets
At 20 min intervals we used presence–absence
sampling to determine whether a group of marmosets was less than 50 m from, and thus in association
with our focal group of lion tamarins. To test
whether the association between the lion tamarins
and the marmoset differed between cabruca and
mosaic groups we used a chi-square test. To test
whether the association between the two species was
related to increased foraging benefits, we compared
the percentage of records in which the lion tamarins
were in association with marmosets when the lion
tamarins were eating (fruits or foraging in bromeliads) and when they were not eating. For this
analysis we used a Wilcoxon signed rank test with a
level of 0.05.
We evaluated whether the association between
the lion tamarins and marmosets was higher when
infants were in the group by comparing the number of
associations during the 3 months before a birth and
the 3 months after a birth (the month of birth plus the
2 consecutive months after the birth). We compared
the associations before and after the birth of infants
using a Wilcoxon signed rank test with an a level of
0.05. We used the same groups as for the analysis of
predation risk. We evaluated whether the association
between the two species occurred more frequently
when predation risk was higher by comparing the
number of associations in the first (half 1) and second
(half 2) periods of the day as defined above, considering only complete days of observation. To test
whether the number of associations between lion
tamarins and marmosets differed between the half 1
and half 2 periods of the day, we used a Wilcoxon
signed rank test with an a level of 0.05. All statistical
analyses were done using SAS version 9.2 (SAS
Institute Inc., NC).
RESULTS
We observed 314 encounters between potential
predators and lion tamarins in our study groups. In
cabruca and mosaic forest, raptors were the most
commonly observed potential predators (210 records)
followed by mammalian carnivores (37 records;
Table I). All but one identified species of predator
were observed attacking a group of lion tamarins at
least once; however, none of the attacks resulted in
lion tamarin mortality.
Lion tamarins and marmosets were observed in
association in 1,721 of 5,411 records for cabruca and
mosaic forest combined corresponding to 17–39% of
all records respectively (Table II). We observed both
species foraging together in the same fruit tree, and
foraging for small animals in the same bromeliad on
15 occasions. We also observed individuals of the two
species playing together (juveniles mainly) and on a
few occasions (N 5 7), in agonistic behaviors.
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Foraging Benefits Hypothesis
Contrary to what we predicted, the number of
interspecific associations between the two species was
significantly higher in cabruca than in mosaic forest
(w2 5 123.47; df 5 1; Po0.0001). There was no significant difference (Wilcoxon signed-ranks test: Z 5 3.5,
P 5 0.562, N 5 7) in the percentage of associations
between lion tamarins and marmosets when the lion
tamarins were eating fruits or foraging in bromeliads
(33.877.4%) and when they were not eating
(32.278.7%) in both cabruca and mosaic forest.
Predation Avoidance Hypothesis
Predation risk was significantly higher in cabruca than in mosaic forest (F 5 18.32; df 5 6;
P 5 0.008) with an average of 0.17 vs. 0.05 encounters per hour of observation in cabruca and in mosaic
forest, respectively (Table III). The rate of tamarin
alarm calls also was significantly higher in cabruca
TABLE I. Number of Encounters With Potential
Predators and Alarm Calls by Lion Tamarins in the
Study Areas
Vegetation
Cabruca
Mosaic forest
Total

Raptor

Carnivores

Alarms calls

Total

169
41
210

28
9
37

52
15
67

249
65
314

TABLE II. Percentage of Observations in Which Lion
Tamarins and Marmosets Were Observed in
Association in Cabruca and Mosaic Forest
Group
Almada
Bomfim
Santa Rita
Ararauna
Bem te Vi
Teimoso

Vegetation
type

Total of
observations

% of
association

Cabruca
Cabruca
Cabruca
Mosaic
Mosaic
Mosaic

1,211
591
1,315
816
244
1,234

39
34
39
27
17
23

TABLE III. Predation Risk Measured as the Number
of Lion Tamarin Alarm Calls and Encounters
Between the Study Groups and Potential Predators
per Hour of Observation
Group
Almada
Bomfim
Santa Rita
Ararauna
Bem te Vi
São José
Teimoso

Vegetation
type

Sample
effort

No. of
encounters

Rate

Cabruca
Cabruca
Cabruca
Mosaic
Mosaic
Mosaic
Mosaic

567.5
216.9
569.6
304.0
106.0
183.6
553.9

87
28
134
19
6
9
31

0.153
0.128
0.235
0.062
0.056
0.049
0.055
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Fig. 3. Predation risk in both portions of the day (half 1 and half 2)
in cabruca and mosaic forests. Error bars represent standard
deviations.
Fig. 2. Number of associations between lion tamarins and
marmosets during the 3 months before a birth and the 3 months
after a birth (15476 hr before and after birth) for cabruca and
mosaic groups combined. Error bars represent standard deviations.

than in mosaic forest, both when no predators were
observed (F 5 15.76; df 5 6; P 5 0.0106) and when
predators were observed by the field team (F 5 17.61;
df 5 6; P 5 0.0085). The rate of attack on lion
tamarins by predators was significantly higher in
cabruca than in mosaic forest (F 5 10.28; df 5 7;
P 5 0.0238). Predation risk did not differ significantly in the 3 months before the reproductive
female giving birth and the first 3 months after
infants were born into a group when combining all
three groups (Wilcoxon signed-rank test: Z 5 18,
P 5 0.274, N 5 5). However, the rate of association
between lion tamarins and marmosets was significantly higher during the 3 months after the birth of
infants than the 3 months before birth events when
combining all three groups (Wilcoxon signed-ranks
test: Z 5 50, P 5 0.003, N 5 5). Association was
highest during the first month after birth and
showed a decrease in subsequent months (Fig. 2).
Predation risk was significantly higher in the
first half of the day than in the second half of the
day (Wilcoxon signed-ranks test: Z 5 10.5, P 5 0.03,
N 5 7) in both cabruca and mosaic forests (Fig 3).
Association was also significantly higher (Wilcoxon
signed-ranks test: Z 5 10.5, P 5 0.03, N 5 7) during
the first half of the day (half 1) in both cabruca and
mosaic forest (Fig. 4).
DISCUSSION
Although cabruca has been described as a
suitable habitat for golden-headed lion tamarins
[Alves, 1990; Oliveira et al., 2011; Raboy et al.,
2004], its structure with lower density and diversity
of trees (approximately 10 % compared with native
forest), [Alves, 1990; Sambuichi, 2002] and its
management (weeding of understory and not replacing dead shade trees) [Sambuichi & Haridasan,

Fig. 4. Association between lion tamarins and marmosets in both
portions of the day (half 1 and half 2) in cabruca and mosaic
forests. Error bars represent standard deviations.

2007] result in lion tamarins being exposed to
a higher predation risk from all predators, but
mainly from raptors compared with mosaic forest.
In cabruca, the canopy has lower connectivity and
the understory has reduced complexity [see Johns,
1999 for details]. These two habitat characteristics
are important in protecting arboreal primates
against predators [Ferrari, 2009]. Our results corroborate previous studies suggesting that relatively
small-bodied arboreal primates are more vulnerable
to raptors [Gilbert, 2000; Hart, 2007; Sherman, 1991;
Vasquez & Heymann, 2001] than to terrestrial
predators. However, lion tamarins living in cabruca
are also vulnerable to terrestrial predators. The lack
of canopy connectivity and the low complexity of the
understory frequently force lion tamarins to travel
on the ground in cabruca, (we observed lion tamarins
on the ground in 84 instances in cabruca agroforest
and only once in mosaic forest), where they are likely
more vulnerable to terrestrial predators [Boinski &
Garber, 2000]. The three mammalian carnivores that
we observed attacking lion tamarins, Eira barbara;
Leopardus wiedii and Canis lupus familiaris in
cabruca and mosaic forest also have been reported
to prey on other primates [Ferrari, 2009].
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Foraging Benefits Hypothesis
Interspecific associations are likely to represent
a compromise between competition and compatibility,
but the benefits to participants should outweigh any
potential costs incurred through increased feeding
competition [Noë & Bshary, 1997; Porter, 2001]. The
costs of association between lion tamarins and
marmosets may potentially result in competition
for food, as both species have similar diets [Raboy
et al., 2008; Rylands, 1989]. However, difference in
the size of animal prey exploited by the two species,
use of different strata while foraging, and differences
in range size [Rylands, 1989] suggests low dietary
niche overlap between the two species. This, combined with the high abundance of jackfruit (spatial
and mainly temporal) and bromeliads in the home
ranges of the groups in cabruca [Oliveira et al.,
2011], suggest that the cost of the association due to
food competition is low in cabruca or that the cost of
not being associated possibly due to higher predation
risk outweigh the cost of food competition. We also
note that interspecific agonistic interactions at
feeding sites involving lion tamarins and marmosets
were extremely rare.
Our data did not support our prediction that
associations would take place preferentially in areas
with low resource availability or in areas with limited
access to food resources such as jackfruit and
bromeliads. Raboy [2002] studying lion tamarins
and Wied’s marmosets suggested that association
between both species was a win–win relationship
where one species, leads the other to ephemeral food
resources. Our data do not reveal any direct
foraging-related advantages, at least for lion tamarins. However, interspecific associations do not always
benefit both species equally [Porter, 2001; Smith
et al., 2004] and only one species may benefit from
such associations [King & Cowlishaw, 2009].
Predation Avoidance Hypothesis
As predicted, three findings suggest that lion
tamarins and marmosets form mixed-species associations to decrease the risk of predation. First, associations between the two species were more frequent
in areas with higher predation risk (cabruca). Second,
associations were more frequent after the birth of
infants, when presumably groups are at greater risk
of predation and finally, associations between the two
species happened more frequently during the first
part of the day, when predation risk was also high.
Our results corroborate other studies that identified
predation avoidance as an explanation for interspecific associations in Old World primates [Bshary &
Noë, 1997; Buzzard, 2010; Enstam, 2007; Gould &
Sauther, 2007; Noë & Bshary, 1997; Wachter
et al., 1997] and other Neotropical primates [Peres,
1993; Smith et al., 2004; Stojan-Dolar & Heymann,
2010a,b]. In contrast, Garber and Bicca-Marques [2002]
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report no evidence of predation benefits in the
interspecific association between tamarins of the
genus Saguinus. The tamarins in single-species
groups, when foraging at experimental feeding platforms, did not forage in a more predator sensitive
way than when they were in association with other
tamarin species, nor was there evidence of cooperative vigilance between associated species [Garber &
Bicca-Marques, 2002]. However, costs and benefits of
association may vary with season [Gautier-Hion
et al., 1997], and also may vary in different habitat
types [Haugaasen & Peres, 2009], over small spatial
scales [Chapman & Chapman, 2000c] and between
species involved, which limit generalizations about
why species form interspecific associations.
The importance of raptors as predators on lion
tamarins and marmosets may be a key factor
explaining their association. Predation by raptors is
prevented primarily by primate vigilance and avoidance. The only effective way to avoid predation by a
raptor is to detect the bird in time to take appropriate evasive action [Castro, 1990]. More individuals
in a group would be particularly beneficial in areas of
high predation risk and low structural complexity,
such as cabruca agroforest, where detection risk is
high and escape route options limited. In areas with
the characteristics mentioned above, conspecific as
well as interspecific cooperation become important
components of antiraptor strategies.
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