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Abstract
During play, primates may become more vulnerable to predation. Our goal was to
examine the potential role of predation risk on the play behavior of 3 groups of goldenheaded lion tamarin, Leontopithecus chrysomelas, in shaded cocoa agroforest (cabruca)
of Southern Bahia, Brazil. We identified the preferred (and safer) locations on vertical
strata during playtime and investigated if frequency and duration of play differed according to group size. All groups preferred to play on the lower levels of vertical strata,
which may be perceived as either a safer environment or as a more suitable location for
play due to the vegetation structure. The smallest group played less than the others,
while the largest group played more and for longer periods. Our data suggest that predation risk can influence where play takes place as well as its frequency and length.
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Play behavior is widely investigated in primate species [Fagen, 1981; Enomoto,
1990; Markus and Croft, 1995; Oliveira et al., 2003; Lewis, 2005; Paukner and Suomi,
2008; Worch, 2012]. Despite some developmental benefits associated with play, both
in terms of physiology and behavior [Fagen, 1981; Bekoff and Byers, 1998; Palagi et
al., 2004], there are also costs, such as energy expenditure [Martin, 1984], and the
risks of both injury [Bekoff and Byers, 1992] and predation [Harcourt, 1991].

The investment in energy and time during play may differ among habitat types
and due to resource availability [Baldwin and Baldwin, 1976; Barrett et al., 1992].
When resources are abundant, individuals need less effort to acquire food and may
invest more time and energy in social activities [Baldwin and Baldwin, 1976; Barrett
et al., 1992; Defler, 1995; Sommer and Mendoza-Granados, 1995; Li and Rogers,
2004; Stone, 2008]. For example, the golden-headed lion tamarin (GHLT), Leontopithecus chrysomelas, spends more time in social activities in shaded cocoa agroforest
than in other habitat types [Reis, 2012]. This is expected as food resources (mostly
jackfruit and insects) are abundant both spatially and temporally in this habitat
[Oliveira et al., 2011]. Stone [2008] observed a similar pattern for squirrel monkeys,
Saimiri sciureus, which played less during the dry season, when food is scarce.
Social behaviors represent between 7 and 18% of the activity budgets of GHLTs
in primary forest [Raboy and Dietz, 2004], semi-deciduous forest [Guidorizzi, 2008]
and shaded cocoa agroforest (locally known as cabruca) [Reis, 2012]. Among these
behaviors, GHLTs devote approximately 4.7% of their time to play in cabruca [Reis,
2012]. Cabruca differs from native forest because the understory is replaced by cocoa
trees and only some native trees are maintained for shading [Johns, 1999]. Oliveira
and Dietz [2011] found an increased predation risk for GHLTs in cabruca compared
to forest, which is probably due to a discontinuous canopy and a simplified vertical
stratum that makes individuals more exposed to predators (mainly raptors). Although there are some potential terrestrial predators in cabruca, like tayras (Eira barbara) and domestic dogs (Canis familiaris), the encounter rate with this type of predator is low compared to raptors [Oliveira and Dietz, 2011].
During play, individuals become vulnerable to predators, as those involved in the
activity are not alert to possible threats [Fagen, 1981; Biben et al., 1989; Harcourt,
1991; Bekoff and Byers, 1992]. A good strategy to reduce the risk of predation can be
choosing safer places to play, as observed for golden lion tamarins, Leontopithecus
rosalia, in lowland tropical rain forest [Oliveira et al., 2003]. Following such pioneering studies, it is interesting to understand how play behavior of GHLTs is affected by
the high predation risk experienced in cabruca. To investigate this issue, we studied
the play behavior of GHLTs living exclusively in cabruca. Following the definition of
Martin and Caro [1985], we considered play as all locomotor activity that appears to
have no function or immediate benefit, often involving exaggerated and repeated
movements.
Our main goal was to examine the potential role of predation risk on play, as this
is a risky activity and predators represent an important threat in cabruca. We tested
the hypothesis that predation risk can influence the frequency of play and also the
decision of where and for how long to play, especially under a high-risk situation as
observed in cabruca. We expected that GHLTs would always play in the safest strata,
and thus we assumed that the most frequent strata used during play bouts would be
safer for GHLTs to perform this activity. Therefore, we predicted that GHLTs would
choose to play at the lower levels of vertical strata in cabruca, as they are less exposed
to aerial predators and the risk of terrestrial predators is low [Oliveira and Dietz,
2011]. Considering that larger groups may provide more protection against predators
[Isbell, 1994; Chapman and Chapman, 2000; Miller, 2002b] providing a safer environment for play behavior, we also predicted that group size would affect the frequency and length of play bouts. Specifically, we expected that larger groups would
play more and for longer periods than smaller groups.
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Table 1. Group composition
during the study period

Group

Almada

Bomfim

Santa Rita

Adults
Juveniles
Infants
Total

3.5 (3; 6)
1 (0; 3)
0.5 (0; 3)
6 (6; 7)

3 (3; 4)
0 (0; 1)
1 (0; 1)
4 (4; 5)

7 (4; 9)
2 (0; 2)
2 (0; 3)
11 (7; 12)

Composition was estimated by summing individuals
captured plus those individuals observed during the monitoring. The table shows the median, minimum and maximum values (the last two values in parentheses).

Materials and Methods
Study Site
We carried out this study in the cocoa-growing region in the southeast of the Brazilian State
of Bahia, in the municipality of Ilhéus (14°39′ S, 39°11′ W). We collected data from 3 groups,
hereafter called ‘Almada’, ‘Bomfim’ and ‘Santa Rita’, living exclusively in areas of cabruca located
on 3 private farms.
Study Species
L. chrysomelas is an endangered small primate [IUCN, 2013] endemic to the Brazilian Atlantic Forest. Cabruca is the dominant habitat within the species’ current geographic distribution,
especially in the eastern part of its range [Raboy et al., 2010]. The mean adult body weight is
620 g, and group size varies between 2 and 15 individuals [Oliveira et al., 2011]. The diet is composed mainly of fruits, insects and small vertebrates [Rylands, 1989]. The mean home range of
groups is 83 ha (range from 22 to 200 ha), and densities range between 0.04 and 0.21 individuals/
ha [Oliveira et al., 2011].
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Data Collection
We monitored the groups from January 2010 to March 2011. Group size and composition
differed during the study period but Bomfim was always the smallest, Almada was always intermediate and Santa Rita was always the largest group (table 1). We followed each group twice a
month either for complete days (from when the group left its sleeping site in the morning until
it entered a sleeping site in the evening) or partial days (when we monitored the group only in
the morning or afternoon periods). To facilitate location and monitoring, 1 or 2 individuals of
each group wore a radio transmitter collar (model RI-2D, Holohil Ltd.). All animal capture and
handling procedures used to place the radio collars were approved by the Brazilian Environmental Agency (ICMBio/SISBIO) under permit No. 18444-1 and 12334-1. This research also adhered
to the American Society of Primatologists’ ethical principles for the treatment of primates.
We used the ad libitum method [Altmann, 1974] for data collection. If we observed the
group playing at any time, we recorded the time when play started and the height where the play
occurred. To record the height, we divided the vertical strata into 4 levels of equal size, the first
level being that closest to the ground and the fourth level the highest. For example, if the canopy
has a height of 20 m, then we have 4 levels of 5 m each. We did this to compare areas with different canopy heights, as we assume the first level is the most protected and the fourth level is the
most exposed to aerial predators. In the studied cabruca areas, the first level is typically composed
of cocoa trees.
We allocated the recorded height of each playing individual to 1 of the 4 levels. In order to
obtain a unique stratum level for each play bout of each group, we calculated the median of stratum levels where the individuals from each group were playing. If the play lasted more than 20

Table 2. Sample effort (with number and percentage of days where play behavior was observed), duration of play and number of times when play behavior was recorded in each
stratum level for 3 groups of GHLTs (Almada, Bomfim and Santa Rita) in cabruca agroforest

Group

Santa Rita
Almada
Bomfim

Sample effort

Duration, min

Stratum level

days with play

total of days

min. max. av.

1

3

4

24 (69)
20 (63)
11 (32)

35
32
34

5
1
3

14 9 3
13 10 4
5 4 2

2
3
1

197
70
84

47
20
30

2

Days with play give the percentage of the total sample effort for each group in parentheses.

min without interruption, we collected the individuals’ height again and calculated a new median
value for the group. When there was a change in the level used by the group (median), then the
group had changed location during that play bout, so this moment was considered as the beginning of a new play event for the analysis of the use of vertical strata. We also recorded total play
duration, considering that the activity finished when all individuals that were playing began other activities. Short breaks (up to 1-min pauses) or changes in the composition of playing individuals, i.e. some stopped but others started playing, were not considered.
Data Analysis
We used χ2 tests to compare play frequency (the ratio between the number of days where play
bouts were observed and the total days of monitoring per group) and Kruskal-Wallis tests to compare length of play (duration of each play bout in minutes) between groups. χ2 goodness-of-fit tests
were performed to test for differences in the use of vertical stratum levels during play (by comparing the observed utilization frequency of each level with a uniform expected frequency of 0.25 for
each level), followed by the Bonferroni Z statistic [Neu et al., 1974] to identify which level was
more or less used by each group. The analysis was performed in R 3.0.0 [R Core Team, 2013].

Results

The types of play observed consisted of chasing, leaps and wrestling between 2
or more individuals. When GHLTs were playing on the ground, it was common to
see a game that consisted of all individuals remaining in trees close to the ground, and
occasionally running along the ground to another tree. In this game, when there was
an ‘encounter’ during running, individuals clung together and rolled similar to fight
behavior. In some situations, individuals used alarm-like vocalizations during the
play.
We recorded 118 play bouts in 54% of monitoring days (Ntotal = 101 days), with
a mean of 2 play bouts per day (SD = 1.23; range = 1–6). Almada and Santa Rita,
the larger groups, had a mean of 57% of individuals participating in each play event
(SDAlmada = 27.7; rangeAlmada = 28–100%; SDSanta Rita = 22.6; rangeSanta Rita = 18–100%),
while Bomfim had a mean of 73% (SDBomfim = 30; rangeBomfim = 25–100%). There was
a significant difference in play frequency between groups (χ2 = 10.34, d.f. = 2, p value = 0.005), with Bomfim playing on fewer days (table 2). The length of play ranged
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Table 3. Frequency of use of vertical stratum levels by each group during play

Stratum
level

Bomfim

Almada

Santa Rita

freqobs

div.

freqobs

div.

freqobs

div.

1
2
3
4

0.42
0.33
0.17
0.08

no
no
no
no

0.43
0.33
0.13
0.10

+
+
–
–

0.50
0.32
0.11
0.07

+
+
–
–

Results of χ2 goodness-of-fit tests, considering an equal expected frequency of use for
each level (= 0.25); freqobs = observed frequency of vertical stratum use; div. = statistically
significant divergence according to confidence intervals generated by Bonferroni Z statistics; + = higher; – = lower; no = none. χ2Bomfim = 3.33, d.f. = 3, p = 0.34; χ2Almada = 9.2, d.f. = 3,
p < 0.026; χ2Santa Rita = 13.42, d.f. = 3, p = 0.003.

between 1 and 197 min (overall mean = 32 min) and differed significantly between
groups (Kruskal-Wallis χ2 = 12.99, d.f. = 2, p value = 0.001). On average, Santa Rita
played for a longer period compared with the other groups (table 2).
We recorded the vertical strata position during 65 play bouts. The groups moved
between vertical levels during only 5 play bouts. For these cases, we considered the
moment of change as the beginning of a new event, increasing the sample size to 70
play bouts for these analyses. All groups showed the same pattern, playing more frequently in the first and second levels of vertical strata, but this difference was not statistically significant for the Bomfim group (table 3).
Discussion
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Although play behavior is widely investigated in primates, research efforts are
concentrated on studies of great apes [Lewis, 2005] and studies in captivity [Worch,
2012]. Here, we conducted a study of play in the wild, focusing on a threatened Neotropical primate in a human-altered habitat.
The play patterns observed for GHLTs in cabruca supported our hypothesis,
suggesting that predation risk can influence this behavior. All studied groups showed
a similar pattern, playing more frequently on the ground and in cocoa trees (approx.
3–4 m tall), which supports our prediction that GHLTs may be perceiving the lower
levels of cabruca as safer, as these levels are more protected from aerial predators.
Oliveira et al. [2003] observed a similar pattern for groups of golden lion tamarins,
which avoided play both on the ground and close to the canopy, where they are more
exposed to predators. Despite the presence of some terrestrial predators in cabruca,
the benefits of play may outweigh the risks of play on the ground. Although this pattern was not statistically significant for the Bomfim group, it was probably an effect
of the fewer days with play bouts, as the pattern was the same as observed in the other groups.

Another explanation for GHLTs choosing to play on the lower levels should be
considered. The discontinuity of the cabruca canopy can make it difficult to play at
the highest levels and increases the risk of falling and injury [Bekoff and Byers, 1992].
Oliveira et al. [2003] investigated if golden lion tamarins chose to play on the ground
due to a reduced risk of injury, but they did not find such a pattern. As the groups
avoided play on the ground, and considering the high predation risk in their study
area (especially by tayras), the authors concluded that the places chosen by their study
groups for play were not influenced by the risk of injury but by the risk of predation.
In our case, based on the findings of Oliveira and Dietz [2011], we assume that predation risk by terrestrial predators is low. We consider that the choice of places to play
in cabruca may also be related to habitat structure, and groups may perceive cocoa
trees as safer and more suitable locations to play, as they are low and offer dense cover. Unfortunately, we are not able to distinguish between these two possibilities with
our data, but one possibility does not exclude the other.
As we predicted, the larger group played more frequently and for longer periods,
while the smallest group played less. Small groups are more vulnerable to predation
because there are fewer individuals to search for approaching predators [Pulliam,
1973; Miller, 2002a], so play can be very risky [Harcourt, 1991; Blumstein, 1998]. In
fact, Bomfim is probably the group that suffers the greatest predation pressure, as it
never had more than 1 immature offspring at the same time during the study period,
while the other groups contained up to 3 immature individuals at the same time [unpubl. data]. Another possibility to explain why larger groups play more than small
groups would be the larger number of individuals available for play, but our data suggest that this is not the case for GHLTs in cabruca. We observed that the smallest
group usually had almost all individuals involved in play bouts, while the larger
groups usually had half of the group involved. Thus, the absolute number of individuals in each group during play bouts was very similar, which would not justify an
increase in playtime in the larger groups. Oliveira et al. [2003] found no significant
positive correlation between the total duration of play and total group size (they
found a significant correlation only when they considered the number of potential
play partners in the group, based on the age of individuals). These findings support
the idea that larger group size may not be directly related to an increase in the number
of playing individuals. In this way, we believe that increased playtime for larger
groups in our study can be related to predation risk.
We observed that all members of the Bomfim group participated in many of the
play bouts, with no vigilant individuals during play. This situation rarely occurred in
the other groups because normally there were some individuals (2–3) not involved in
play that could detect a threat and warn the playing group members. Oliveira et al.
[2003] observed that adults of golden lion tamarin were vigilant while the immature
group members played, and also that adults were more vigilant during this activity in
comparison with other activities. The authors relate the increasing vigilance of adults
as a way of reducing the risks associated with play. We believe the lack of potentially
vigilant individuals can make play activity more risky for Bomfim than for the other
groups, and that the relatively low frequency of play observed for this group may be
a strategy adopted to minimize risks. It may reflect a species’ plasticity to adopt different strategies in different contexts: keeping individuals vigilant during play bouts
(larger groups) versus playing less (smaller groups). However, this assertion needs to
be tested with a larger sample size.
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We investigated the role of predation risk on GHLT play behavior. Many factors
may affect play, such as habitat characteristics (e.g. availability and quality of food
resources [Stone, 2008], vegetation structure [Barrett et al., 1992], type of terrain
[Berger, 1980]), social context (e.g. group composition, group size and dominance
relationships [Enomoto, 1990]) and predation risk [Oliveira et al., 2003]. Understanding how play behavior affects the fitness of GHLTs in areas with different predation risks as well as evaluating the effect of group size and composition are interesting
aspects of the species’ ecology and behavior that remain to be addressed. Despite our
small sample size (3 groups), our data suggest that predation risk influences not only
the decision of where to play but also the frequency and the length of such a behavior.
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