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Abstract

Shifting to fallback food (FBF) consumption and crop raiding are behavioral adjustments that support primates’ ability to
endure in human-altered habitats. Nutritional models predict that the consumption of preferred foods leads to increased
competition, while consumption of staple fallback foods results in decreased competition. We analyzed the competitive
regime faced by individuals in a group of 133 blond capuchin monkeys (Sapajus flavius), an endangered species that inhabits
a 270-ha fragment of Atlantic forest in northeast Brazil. During the study year, quantitative analyses show that fruits were a
preferred food, while sugarcane was used as a staple FBF. As predicted by primate fallback foraging models, the consumption
of sugarcane helped the group to survive in this fragment by providing these animals with half of the food they consumed
throughout the year. Contrary to predictions, group dispersion increased with greater fruit abundance, while direct competi-
tion peaked during the consumption of sugarcane. We suggest that, although it is abundant and scattered in the area, the long
handling time required to process sugarcane before consumption facilitates the direct competition. Overall, the pattern found
indicates that consumption of a staple FBF does not directly translate into decreased competition and increased stability of
social groups in forest fragments.

Keywords Nutritional ecology - Socioecological models - Forest fragmentation - Conservation - Management - Human—
primate conflicts

Introduction et al. 2017). By 2013, at least 57 primate taxa make use

of and/or are partially dependent on agroecosystems, such

At a time when humans are changing the environment more
and more rapidly, the survival of many primate populations
depends on the use of anthropogenic landscapes (Estrada
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as agricultural crops and forestry plantations (Bracebridge
et al. 2013). Almost half of the primate species that make
use of anthropogenic landscapes are listed as threatened by
the IUCN Red List. Consequently, there is increased inter-
est in how primates adjust their behavior to make use of
fragmented or disturbed habitats and how this flexibility can
help in the population endurance of a certain area (McLen-
nan et al. 2017).

Caloric intake is a primary selective pressure, and pri-
mates adjust their behavior according to food availability by
increasing the diversity of the food items consumed (Tutin
et al. 1997; Gautier-Hion 1980; Lopes and Ferrari 1994;
Lambert and Rothman 2015), their travel time and route,
and their home ranges (Poulsen et al. 2001; O’Brien and
Kinnaird 1997; Overdorft 1996). These adjustments in die-
tary and foraging behaviors are accompanied by changes in
demography and social dynamics. Strum (2010) describes
how the opening of agricultural fields facilitated the fis-
sion of a baboon group. A daughter group composed of
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individuals exhibiting raiding behavior split off from the
original group of non-raider animals. By having their nutri-
tional constraints relaxed due to the use of human food, the
animals from the raiding group traveled less and socialized
more, the males and females grew faster, and the females
reproduced faster and had lower interbirth intervals than
those of the original non-raiding group. Due to the trade-off
between high nutritional values and predation-conflict risks,
Strum (2010) argues that crop raiding should be considered
a foraging strategy for animals that are living in human-
dominated landscapes, and it should be included in the opti-
mal foraging and socioecological models for the evolution,
distribution, and management of primate populations.

Primate nutritional studies are aimed at modeling how
nutrient requirements and intake influence the niche sepa-
ration, biogeography, species life history, morphological,
physiological, and behavioral traits of primates (Rothman
et al. 2012). Recent models point out the importance of food
consumed by primates during periods of shortages of pre-
ferred food to the evolution of the clade (Laden and Wrang-
ham 2005; Rosenberger 2013). According to Marshall and
Wrangham (2007, p. 1221), food preference is defined as the
relationship between two parameters: availability and usage.
Preferred food items are those that are selected dispropor-
tionately more often relative to their abundance within the
habitat. In contrast, fallback foods “are consumed by a par-
ticular taxon in inverse proportion to the availability of their
preferred food” (Marshall et al. 2009 p. 604).

Primate fallback foraging models (Marshall and Wrang-
ham 2007; Altmann 2009; Constantino and Wright 2009)
distinguish two types of fallback food. Staple FBFs are
defined as those that may seasonally compose 100% of the
animal’s diet, exhibit low seasonality, and are uniformly dis-
tributed in the environment. Filler FBFs present moderate
seasonal fluctuations, are more patchily distributed, never
comprise 100% of the diet, and can be seasonally absent
from an animal’s diet (Marshall and Wrangham 2007). Food
items such as fruits are preferred because they provide a fast
intake of calories (i.e., a better energy/handling time ratio),
but they are costly for the plant to produce and tend to be
rare. FBFs provide low energy gain, are hard to process, or
both (Marshall and Wrangham 2007 p. 1223).

Consumption of preferred foods is predicted to be a selec-
tive force on harvesting adaptations, such as visual acuity
and spatial navigation, or other cognitive and locomotor
abilities, while consumption of abundant and nutritionally
poorer FBFs select processing adaptations, such as thick
dental enamel and digestive capabilities, as well as behav-
ioral adaptations, such as fission—fusion social systems and
tool use (Marshall and Wrangham 2007; Marshall et al.
2009; Lambert 2007). Primate fallback foraging models
predict that a reliance on staple FBFs would allow increased
social stability via decreased competition, while species
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relying on preferred or filler FBFs would form fewer stable
groups that face more competition (Marshall and Wrangham
2007, p. 1230; Marshall et al. 2009 p. 605; Lambert 2007, p.
761; Harrison and Marshall, 2011, p. 541).

In a review of the traits associated with foods consumed
by apes, Harrison and Marshall (2011) found support
for the primate fallback foraging model’s predictions by
showing that a heavy reliance on preferred or filler FBFs
is associated with indices of competition, such as a longer
day range, higher travel efficiency/speed, higher feeding of
direct competition, lower group stability, and slower life his-
tory. The opposite traits were associated with species that
have a heavy reliance on staple FBFs. The Marshall and
Wrangham (2007) model has been corroborated in other
studies, such as those on orangutans (Smith et al. 2012),
bonobos (Serckx et al. 2015), and chimpanzees (Watts et al.
2012; Eckhardt et al. 2015; Dominy et al. 2016). However,
some findings are controversial. For instance, contrary to
the Marshall and Wrangham (2007) model, travel time was
positively correlated with the consumption of FBFs (lianas),
but not the consumption of fruits by two groups of howler
monkeys inhabiting fragments of a tropical rain forest in
Mexico (Dunn et al. 2012). The authors suggest that as for
preferred food, consumption of FBFs imposes ranging costs
and may also be involved in selection for harvesting traits.
In their more recent review, Harrison and Marshall (2011)
also found high direct competition between gorillas, despite
the high dependency of this species on the utilization of
staple FBFs.

Capuchin monkeys (Cebus and Sapajus) are Neotropical
primates with enlarged neocortices, high dietary plastic-
ity, and a capacity for customary tool use. They are com-
monly used as models for comparative cognition, socio-
ecology, and nutritional ecology research (Moura and Lee
2004; Visalberghi et al. 2005; Vogel and Janson 2007, 2011;
Sugiura et al. 2011; Emidio and Ferreira 2012). Although
omnivorous, capuchins prefer fruits, while insects and other
vegetable parts are used as fillers and staple FBFs, respec-
tively (Garber et al. 2012). Several authors have shown that
direct competition is higher during the periods of high-
est fruit availability (Janson 1985, 1988; Phillips 1995a,
1995b; Vogel and Janson 2007, 2011; Izar et al. 2012), with
increased avoidance and less group cohesion when this
availability decreased (Rose 1994; Phillips 1995a, 1995b;
Izar 2004; Vogel et al. 2007; Gogarten et al. 2014). Izar
(2004) showed that the population of capuchin monkeys
in a well-preserved area of the Atlantic Forest showed an
increase in the interindividual distances and followed the
fission—fusion pattern during periods of low fruit supply, as
was predicted by ecological models.

The blond capuchin monkey (Sapajus flavius) is a criti-
cally endangered species that occupies Atlantic forest frag-
ments in northeast Brazil (Oliveira and Langguth 2006;
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IUCN 2015). The fragments are found in human-altered
landscapes, and the matrix surrounding the forest patches
is dominated by a sugarcane agroecosystem of industry
plantations or by crops that are traditionally farmed (Lynch-
Alfaro et al. 2014). The species has only approximately 2000
individuals left, with little data available regarding blond
capuchin feeding habits, demography, or social dynamics.
A review of the literature reveals fewer than ten papers pub-
lished on the species, and most of them are records of occur-
rence or descriptions that are based on indirect methods,
such as camera traps (Bezerra et al. 2014) or tool-use sites
(Ferreira et al. 2009).

In this study, we investigated food competition in a group
of blond capuchin monkeys. We first tested the hypothesis
that in the fragment studied, fruits are preferred food items,
while sugarcane is a staple FBF. Then, we tested the hypoth-
esis that consumption of preferred foods leads to increased
competition while consumption of staple FBFs leads to
decreased competition.

Methods
Study site and group

The study group lives in a 270-ha U-shaped fragment of the
Atlantic Forest, in Caapora, Paraiba, Brazil (S 07°52'85.2"
W 034°9629.4"). The climate is tropical with a mean
rainfall of 139.8 mm per month and 1678.0 mm per year
(over the last 3 years, IPA 2014). The study area has been
almost entirely surrounded by a sugarcane matrix for the
last 25 years. Our team has followed the group since 2009;
the group is habituated to the presence of observers, and
it currently consists of over 133 individuals, including at
least 16 adult males, 11 adult females, 13 subadults, and 43
juveniles.

Sampling methods

Between February and December 2014, we followed the PB
group on foot for 10 days a month. We utilized the focal-
scan method (Altmann 1974), in which one individual was
observed continuously for 10 min, with its behavior and dis-
tance from neighbors recorded on a minute-by-minute basis.
As not all animals were individually identified, we chose the
next focal animal to ensure that sampling was equally dis-
tributed across individuals of each sex—age class (cf. Cords
et al. 2010).

The behavioral and proximity data were recorded on
a voice recorder and then later transcribed to Microsoft
Excel sheets. An ethogram (Electronic Supplementary
Material 1) was used to register behaviors, including loco-
motion, foraging (searching for food), food manipulation,

food ingestion, and affiliative and agonistic interactions
(Ferreira et al. 2016). When a focal animal was observed
foraging or manipulating food, we recorded every min-
ute what food item was being handled or ingested. While
following the group, we also recorded all occurrences
of direct agonistic interactions (Altmann 1974), includ-
ing the location, the type of aggression observed (e.g.,
vocalizations, threat display, chases, bites, hits, overt
aggression), the behavioral context in which it occurred,
and the age—sex classes of the participants. As the number
of partners available can bias social interaction, we used
rates of agonism per individuals in sight as an index of
direct competition.

While behaviors that are indicative of contest competi-
tion are easily observable (namely, aggressive conflicts,
Sterck et al. 1997; Janson and van Schaik 1988), the indi-
cators of indirect or scramble competition vary between
studies: (a) increases in home-range and/or day-range size
(e.g., larger groups have larger home ranges or increases
in day ranges during periods of food scarcity (Isbell et al.
1999); (b) lower fertility in larger groups or in subordi-
nate individuals (Oates 1987); (c) differential allotment of
time to daylight activities (Janson and van Schaik 1988;
Isbell et al. 1999); (d) differential use of space by subor-
dinate and dominant individuals (Ron et al. 1996); and
(e) decreased cohesiveness between individuals in groups
that face increased competition (White and Chapman
1994; Hall and Fedigan 1997; Vogel and Janson 2007) or
periods of food scarcity (Dunbar 1988). We used this last
approach, the spacing between individuals, to derive two
indices of indirect competition.

To calculate one index, we recorded the number and
sex—age class of neighbors at distances of 1, 5, and 10 m
from the focal animal (NN1, NN5, NN10) at every min-
ute. Second, at intervals of 1.5 h, we searched for all of
the individuals in view and recorded the spatial configura-
tion of individuals within the group during a scan sampling
period of 20 min. To do this, the observer (PGL) recorded
her geographical location (with GPS receptor Garmin GPS-
map 62sc) and the relative position of each individual to
her location. The mean spacing between the individuals was
calculated from the minimum convex polygon (MCP) area
formed by the animals displayed in each scan. This method
is similar to that employed by Janson (1990) and Robinson
(1981) and is based on analyses of collective movement and
differential use of spacing and leadership (Sueur et al. 2009;
Smith et al. 2015). Here, we use the MPC as an indicator of
indirect competition in the group. Because larger polygons
are expected when more individuals could be observed, this
MCP was standardized by dividing by the number of ani-
mals in each scan (MCPn). The spatial data visualization
and MCP analyses were performed using the software QGIS
(Nanni et al. 2013).

@ Springer



84

Primates (2019) 60:81-91

Food availability

We plotted 30 sampling areas with a 5-m diameter, which
was equivalent to 1% of the study area (90 ha). The sam-
pling areas were randomly distributed, with a minimum
distance of 60 m and a maximum distance of 265 m
between each other, including patches of vegetation in
advanced and middle regeneration stages, as well as the
interior and border of the fragment. At each point, we
placed fruit traps 1 m high and 50 cm in diameter, and
10 cm diameter ground pitfall traps for arthropods. Fruits
and arthropods were weighed monthly using a balance
accurate to 1 g (ER2856st model). This method was used
in other studies of wild capuchin monkeys and, therefore,
allows comparability of the data (Izar et al. 2012, 2018).

In these 30 sampling areas, the abundance of fruit was
inferred by registering the monthly phenology of a total of
104 trees with DBHs above 12.5 cm and representing 30
species. Using the Fournier method, the crown of the tree
was divided into four quadrants, and for each quadrant,
we determined on an ordinal scale whether it contained O,
1 (up to 25%), 2 (up to 50%), 3 (up to 75%), or 4 (100%)
ripe fruits or flowers (Bencke and Morellato 2002). The
relative frequency of the fruit availability for each species
was obtained by the Fournier index: FI = Y nk = 1(Fi/ 4N)
, where FI =Fournier index, Fi = phenophase intensity for
each plant individual (0-4 scale), and N =total number of
observed plants (Silva et al. 2014).

The monthly availability of fruits (Fm) were calculated
by the following formula: Fm = ) nk =1 Fk x Dk x Sk
, where Fk denotes the mean availability of ripe fruit of
individuals in species k (i.e., the Fournier index), Dk
denotes the density of adult trees of species k (as the
mean of the density of each species in the 30 plots), and
Sk is the mean DBH size of the trees of species k (McLen-
nan 2013; Huang et al. 2015). Therefore, we used the
composite index as an estimate of the availability of tree
quadrants with ripe fruits in an area of 5 m.

To capture aspects of phenology that were potentially
most relevant to blond capuchins (Gogarten et al. 2014),
we also inferred availability by using only data from nine
of the ten most commonly consumed fruits from these
species (a list of all fruits consumed can be found in the
Electronic Supplementary Material 2).

We evaluated food consumption by the number of
instantaneous records of food ingestion of each item
within the general activity budget. This index was cal-
culated per day and provides a measure of the overall
representation of each item within the total diet of the
animal (McLennan 2013).
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Data analysis

To verify if fruits are a preferred food item and whether sug-
arcane is a staple FBF, we conducted two types of analyses.
First, using regression analyses, we employed the Akaike
information criteria to select the best models for predicting
time spent foraging on fruit/sugarcane/insects based on the
availability of these respective items. Second, we conducted
a cluster analysis using rainfall and productivity as grouping
factors to define periods of high, medium, and low availabil-
ity of fruits. Then, we employed a multivariate generalized
linear model (GLM) to test whether time spent foraging on
fruits differed between these periods. If fruits are consumed
according to or above their availability, and other food items
are consumed in inverse proportion to the fruit availability,
then we may assume that fruits are preferred items while
others are fallback foods.

To test whether direct competition increases with decreas-
ing fruit availability, we conducted regression models using
rainfall and fruit productivity as predictors and indices of
direct and indirect competition (rate of agonism/ind, NN1,
NNS5, NN10, and MCP/ind) as response variables. We also
conducted a multivariate GLM to test if the indices of direct
and indirect competition varied between seasons and behav-
ioral contexts using rainfall and productivity as random fac-
tors. Data were analyzed using the R 3.1.1 (R Development
Core Team 2011), and the significance level a =0.05 was
two tailed.

Results

A total of 721 h of field effort was conducted, which resulted
in 407 contact hours with the blond capuchin group. We
obtained a total of 6511 focal-scan samples and 200 group
scans.

Food availability

The two methods to infer fruit availability (Fournier and fruit
traps) were positively correlated (rs=0.565, N=10 months,
p=0.089), showing that the methods of obtaining data rela-
tive to fruit availability were consistent. The fruit availabil-
ity of the 30 species monitored varied from 0.25 to 1.67
(Fournier index corrected by diameter and number of trees).
Our estimate for the total production in the fragment was
78.36 kg/month/ha of fruits and 1302.5 kg/month/ha of
arthropods during the year studied.

Fruit and arthropod productivities exhibited quadratic and
cubic relations with rainfall, respectively. Cluster analyses
indicated that one could roughly divide the year into three
periods based on the rainfall intensity and the food produc-
tivity: Humid: February—April, rainfall=101-157 mm,
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great availability of both fruits (135.3 kg/month/ha) and
arthropods (1879.4 kg/month/ha); Rainy: May—September,
the most severe rainfall (303 mm), but lower availability
of ripe fruit (56.2 kg/month/ha) and arthropods (1312.4 kg/
month/ha); Dry: October—December, precipitation less than
100 mm, with low availability of fruit (58.3 kg/month/ha)
and arthropods (709.2 kg/month/ha).

Fruit occupied 24.1% of the capuchin diet. Other vegeta-
ble parts (OVP), including bulbs, leaves, flowers, petioles,
bark and resin, and contributed to 12.7% of the diet, which
was little more than animal prey (arthropods and vertebrates)
with 12.6%. Sugarcane was the most consumed resource,
contributing with a mean of 50.3% to the annual diet with a
monthly range of 25.9-71.8%.

More time was spent ingesting food during the humid
period (F=5.441, p=0.004, df=2; Fig. 1) compared to
more time spent foraging (F=53.032, p=0.001, df=2)
and less locomotion during the dry period (F=6.479,
p=0.002, df=2). Time spent in social behavior did not
vary across periods (F=0.096, p=0.909, df=2; Fig. 1).
Females searched less and moved and socialized more,
while juveniles ingested more than all other age categories
(Fror=10.263, p=0.001, df=2; Fixg=4.252, p=0.005,
df=2; Fioc=13.869, p=0.001, df=2; Fyoc=3.039,
p=0.028, df=2). There was a significant interaction
between periods and age—sex class, with females alter-
ing their searching time during dry periods (F'=3.578,
p=0.002, df=2).

Consumption versus availability

The best model to predict fruit consumption included the
availability of the nine most-consumed fruits and the avail-
ability of arthropods and rainfall (Table 1). All three vari-
ables loaded positively, in that with increased availability

Fig. 1 Activity budget of Activity budget

of fruit and insects and more rainfall, a greater number of
fruits were consumed. The best model to predict arthro-
pod consumption included the weight of arthropods, in
very weak negative relation, and positive relation with
availability of fruit. The best model to predict sugarcane
consumption only included the availability of the top nine
most consumed fruits in a negative relationship, in that
the less availability of the top nine preferred fruits, the
more sugarcane was consumed. This result corroborates
predictions regarding fruits as a preferential food item and
sugarcane as a staple fallback food (Fig. 2).

Indirect competition

The mean minimum convex polygon (MCP) area formed
by the group of subjects was 450 +476 m?, with a mean
spacing between individuals 25 +27 m?. The best model
to predict MPCn included the total and top nine fruit avail-
ability and rainfall (Table 1), with greater distances among
individuals occurring in periods of higher fruit availabil-
ity. Similarly, the number of neighbors showed a negative
relationship to the availability of fruits (Table 1), with
individuals spreading out more during periods of higher
fruit productivity.

Multivariate GLM corroborates regression analyses,
indicating that the MPCn is greater in the humid period
and lower in the dry period (F=14.125, p=0.001;
Fig. 3). Although MPCn did not vary among behavioral
contexts (F=1.551, p=0.174), there was a tendency for
individuals to be closer during the consumption of sug-
arcane during the dry and rainy periods (Tukey post hoc,
p=0.073; Fig. 3). Overall, there was no significant inter-
action between periods and behavioral contexts (F=0.414,
p =0.940).

Sapajus flavius group between
humid, rainy, and dry periods.
Mata da Divisa PB-PE year: 0.4
2014; FOR foraging, ING food
intake, LOC locomotion, RES
rest, SOC socializing, VIG > 0.31
vigilance -
3
o
s
2 021
k)
[}
14
0.1
0.01

factor(Behaviors)

Dry

Humid Rainy

Periods
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Table 1 Comparisons between best models to predict fruit, arthropod, and sugarcane consumption, direct and indirect competition

Auvailable fruit total Available top 9 fruit Weight arthropods Rainfall AIC best model
Fruit consumption Not included in model ~B=0.247 B=0.052 B=0.001 —211.153
p=0.072 p=0.001 p=0.063
Importance =0.15 Importance =0.7 Importance=0.16
Arthropod consumption B=0.067 Not included in model B=-0.02 Not included in model ~ —299.861
p=0.078 p=0.001
Importance =0.2 Importance =0.8
Sugarcane consumption  Not included in model B=-0.277 Not included in model ~ Not included in model — —192.646
p=0.001
Importance=1.0
MPCn B=21.232 B=13.779 Not included in model B=0.049 2386.743
p=0.001 p=0.001 p=0.001
Importance =0.75 Importance=0.13 Importance =0.15
Direct competition B=-0.133 Not included in model B=-0.0,09 Not included in model —268.656
p=0.154 p=0.038
Importance =0.32 Importance =0.68
Neighbors up to 1 m B=-0.131 Not included in model ~ Not included in model ~ Not included in model ~ —247.203
p=0.20
Importance=1.0
Neighbors up to 5 m B=-0.552 Not included in model ~ Not included in model B=-0.002 —135.792
p=0.001 p=0.001
Importance =0.64 Importance =0.37
Neighbors up to 10 m B=-0.890 B=-0.550 Not included in model B=-0.005 —68.220
p=0.001 p=0.071 p=0.001
Importance =0.55
Importance=0.39 Importance =0.06
Fig.2 Relative frequency of 0.8 100

time (lines) spent by Sapajus

Sflavius consuming items from
animal origin (arthropods and
vertebrates), fruits and sugar
cane, and the availability in the
environment (bars) of fruits
and arthropods (measured in
grams). Mata da Divisa PB-PE

80

60

Relative frequency of consumed items
Weight (g) obtained in the collectors

year: 2014 40
20
0
Feb Mar Apr May Jun Aug Sep Oct Nov Dec
Monitored months
B Fruit availability : > Arthropod availability
essees Animal - = = Fruits
— S ZANCANE
Contest competition aggression per individual in sight per hour. Most aggression

behaviors were committed by males (68.4%), and the most
frequent victims were other adult males (54%) and subadult
males or females (28.8%).

We observed 996 agonistic interactions in a ratio of 2.45
events per hour of contact with the group, or 0.06 events of
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Fig.3 Mean minimum convex polygons formed by blond capuchin
groups across periods and behavioral contexts. Mata da Divisa PB-PE
year: 2014

The total fruit and the weight of arthropods were included
in the best model to predict rates of direct competition, but
only the second one had significance (Table 1), with less
aggression occurring in periods of greater weight of arthro-
pods. There was a significant influence of the context and
season on the exhibition of direct competition (context X sea-
son F=2.896, p=0.002), and post hoc analyses indicated
that increased direct competition occurs during sugarcane
consumption in all seasons (Fig. 4).

Discussion

Primates in fragmented forests may face severe nutritional
shortfalls with frequent reports of animals shifting to crop
raiding (Siemers 2000; Williams-Guilllén et al. 2006;
Sabbatini et al. 2008; McKinney 2011; McLennan 2013).
However, the resilience of species or populations to these
changes in diet is by definition limited, and behavior can be
an indicator of the feeding plasticity and competitive regime
faced by the animals (McLennan et al. 2017).

The studied fragment hosts the densest population that
has yet been found for the endangered blond capuchin mon-
key: at least 133 animals occupying 270 ha. This high den-
sity occurs despite the fact that the forest exhibited fruit pro-
ductivity that was lower than that described in other Atlantic
fragments containing capuchin monkeys (78 kg/month/ha vs.
123 kg/month/ha at UNA, S. xanthosternos; 235 kg/month/

0.40

Periods
= Rainy
0.307 ® Dry
4 Humid
°
o I Rainy
£ I Dy
g 0.20 Humid
<
=
[
[
=
0.104
- -
- } } ° r
0.004 | L] "o =
-0.10 T T T T T T
Sugarcane  Forage Fruits Locomo Terrestri Social
forest
Context

Error bars: 95% CI

Fig.4 Mean direct competition (vocalizations, threat display, chases,
bites, overt aggression) between blond capuchins across periods and
behavioral contexts. Mata da Divisa PB-PE year: 2014

ha at parque estadual carlos botelho, S. nigritus) (Izar et al.
2018).

Rain had a quadratic relation to the fruit availability; that
is, too little or too much rain diminished the fruit availabil-
ity. In the humid period, the diet of the monkeys consisted
of a wider variety of species of fruit (N=27) and reduced
dependence on consumption of insects, with capuchins
spending 4.6% of their time foraging on the ground. During
the rainy period, the monkeys increased their time eating
sugarcane and arthropods, and thus increased their time on
the ground (8.4%) and decreased their consumption of fruits.
In the dry period, the diet of primates was dominated by a
single species of food, sugarcane Saccharum sp. (44-72%
of the feeding time and 18.4% of time on the ground). Use
of the ground to consume fallback foods during periods of
scarcity is described for other groups (Galetti and Pedroni
1994; Freitas et al. 2008). As for these other groups, animals
ventured out of the fragment, collected the sugarcane, and
rapidly returned to consume it on trees. Increased terrestrial-
ity is also described as a condition for tool use for cracking
open nuts in arid areas, although these nuts are not fallback
foods for the populations studied (Visalberghi et al. 2005;
Ottoni and Izar 2008). We did not record any tool-use behav-
iors in this group, possibly because sugarcane can be peeled
and processed by hands and teeth.

We confirmed that fruits are a preferred food item, with
fruit consumption predicted by the availability of the top
nine most consumed fruit species and increased during the
humid period. However, fruits composed only one-quarter
(25%) of the animals’ diet. Conversely, sugarcane composed
a large portion of the monthly food consumed by blond
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capuchin monkeys, and its consumption was inversely corre-
lated to the total and top nine fruit species availability, which
indicates that sugarcane is a staple FBF for these animals.

Sugarcane composed one- to three-quarters of the ani-
mals’ diets throughout the year, which is much higher than
the amount of crop-food consumed by Sapajus nigritus
(14%—~Gealetti and Pedroni 1994), but is similar to the con-
sumption rate of sugarcane and other crops in other Atlantic
forest fragments (10%, but reaching 70% in dry season—
Freitas et al. 2008; 20% of diet—Rimoli et al., Rimoli et al.
2008) and bromeliads in the Andes (72%—Brown and
Zunino 1990). Sugarcane is a highly fibrous food (62% of
dry matter), poor in proteins (<4%, less than that found in
bromeliads, 8.8%, or in nuts consumed in caatinga, 17%);
however, it is composed of 32-57% sugar (Pate et al. 2001).
Capuchin monkeys do not eat the sugarcane, but suck it and
discard the chewed material, which indicates that, although
the caloric intake of animals can be supplied by sugarcane,
its composition may not satisfy all of the nutritional require-
ments of capuchin monkeys.

The animals’ mean interindividual distance was 25 +27
m?, but, contrary to predictions, individuals did not become
more cohesive during periods of fruit consumption; rather,
the area formed by the group (MPCn) increased, and the
number of neighbors at 1, 5, and 10 m decreased with the
increased availability of fruits. One possibility is that the
animals are spread over several fruit trees during periods of
higher fruit abundance/consumption and are grouped during
periods of low fruit availability because the animals clus-
ter to use the same few fruit-producing trees. Our data also
show that a significant increase in group cohesion and in the
proximity between individuals occurred during sugarcane
consumption.

The rate of direct competition found here was higher
than that described in other robust capuchin monkey stud-
ies [present study 0.064 eV/h/ind vs. 0.025 eV/h/ind for
S. libidinosus at Caatinga; 0.038 eV/h/ind for S. nigritus
at Parque Estadual Carlos Botelho Atlantic Forest (Izar
et al. 2018); 0.048 eV/h/ind for S. libidinosus at mangrove
(Cutrim 2013); 0.027 for S. apella at moist tropical forest
in Peru (Janson 1985); 0.045 eV/h/ind for a reintroduced
and food supplemented Sapajus spp. at Parque Ecolégico do
Tieté (Ferreira et al. 2008); and an estimated mean of 0.03
male—male aggression bouts/hour in S nigritus at Atlantic
Forest fragment (Lynch et al. 2002)]. This indicates high
direct competition within the group due to the increased
local density of competitors for limited resources (Janson
and van Schaik 1988; Wheeler et al. 2013). However, the
direct competition rate did not correlate with the consump-
tion of preferred food items. Rather, a peak in direct com-
petition was detected during the consumption of sugarcane,
which is a staple FBF. There are three possible explanations,
which are not mutually exclusive, for this pattern.
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First, as the distance between individuals becomes greater
when they move faster (Sugiura et al. 2011), it is possible
that the increased spacing between individuals increased
due to the greater mobility between the productive trees in
periods of high fruit availability. Studies by Phillips (Phillips
1995a, b) show that individuals of the genus Cebus disperse
naturally while they are foraging, but not enough to form
subgroups in response to decreased environmental quality.

A second alternative is that agonism increases due to
ground use while foraging for sugarcane because animals
do not experience the limitations of the arboreal environ-
ment that sometimes prevents individuals from engaging in
high-intensity agonistic interaction. Also, a higher propor-
tion of occurrences of agonistic interactions are more likely
to be missed by observers of arboreal relative to terrestrial
primates due to the decreased visibility in the former context
(Wheeler et al. 2013). If this was the case, agonism should
be higher during both sugarcane and arthropod consumption.
Our data do not support this alternative (see Fig. 4).

One final possibility is that sugarcane, although abun-
dant, is a food that requires extended processing from pull-
ing it out of the ground to remove (with teeth and hands)
the external parts to access the edible core. During process-
ing, several fights, threats, and coalitions occurred between
males competing for an edible, exposed piece of sugarcane.
From this perspective, Isbell’s (1991) concepts of the feed-
ing site depletion time and usurpability seem to capture the
dynamics of competition in this blond capuchin group. As
described for other crop raiding primates (Siemers 2000;
Sabbatini et al. 2008; McKinney 2011), the risk associated
with collection makes individuals become more cohesive
when venturing out from the forest into the crop fields. The
fact that sugarcane stalks are only 50 cm apart from each
other does not diminish competition, since individuals are
competing for an already collected and processed piece of
sugarcane brought by one individual to the edge of the for-
est. This indicates that, although widely distributed and con-
stant year round, sugarcane is a monopolizable, usurpable
food item, and its consumption increases the probability of
direct competition (Janson 1985; Hirsch 2007; Chancellor
and Isbell 2009).

In their review of the conservation status of the genus,
Lynch-Alfaro et al. (2014) list 53 sites where research on
Cebus (17) and Sapajus (35) occurs. While human—monkey
conflicts are registered in sites located near traditional crop
areas (Siemers 2000; Sabbatini et al. 2008; McKinney 2011),
major conflicts are not commonly described for fragments
bordered by agroecosystems or stockbreeding activities (but
see Pagno et al. 2015). Capuchin monkeys are not major tar-
gets in traditional/leisure hunting in the ways that have been
observed for some other mammals. Crop raiding and the use
of human food is widely described for capuchin monkeys.
This is the case of the present fragment, where crop raiding
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is minimal relative to the agroecosystem size, and no mon-
key hunting has been observed in the last 10 years.
Knowing that the use of human-disturbed fragments is
important to the survival of many primate populations, we
tested the hypothesis that the consumption of fallback food
dispersed in the environment relates to decreased competi-
tion and stability of social groups. We conclude that this
high-density population (133 individuals living in 270 ha)
in a low productive fragment is made possible by capuchins
that exhibit a risky and costly behavior: terrestrial excursions
out of the forest for sugarcane crop raiding and manipula-
tion. The consumption of sugarcane as a staple FBF that
comprises more than half of the food ingested by the ani-
mals throughout the year allows for the permanence of these
animals in this fragment by diminishing the overall caloric
deficit. However, contrary to predictions, sugarcane use was
associated with increased direct competition, which may
lead to instability in social relations and associated wound-
death risks. Refinements of nutritional and socioecological
models, including crop raiding as a foraging strategy (Strum
2010), will help the management of small and large frag-
ments where primates are found, thereby avoiding the extir-
pation of a local population from the remaining habitats.
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