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Abstract The location of an animal within a social group
has important effects on feeding success. When animals
consume quickly eaten food items, individuals located at
the front edge of a group typically have greater foraging
success. When groups feed at large clumped resources,
dominant individuals can often monopolize the resource,
leading to higher feeding success in the center of the group.
In order to test these predictions, behavioral data relating
foraging success to within-group spatial position were
recorded from two habituated groups of ring-tailed coatis
(Nasua nasua) in Iguazu, Argentina. Foraging success did
not fit expected patterns. When feeding on small ground
litter invertebrates, coatis had the same foraging success at
all spatial positions. This pattern likely resulted from an
abundance of invertebrates in the ground litter. When
feeding on fruit, individuals in the front of the group had
greater feeding success, which was driven by the
relatively quick depletion of fruit trees. Dominant juveniles were often located in the front of the group which
led to increased access to food. This resulted in higher
feeding success on fruits but simultaneously increased
their risk of predation. Although groups typically became
more elongated and traveled faster when feeding on fruit,
it did not appear that the coatis were drastically changing
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their spacing strategies when switching between the two
food types. Paradoxically, spatial position preferences
during invertebrate foraging appeared to be driven by
fruit trees. Because fruit trees were encountered so
frequently, juveniles ranging at the front edge of the
group during invertebrate foraging were the first to arrive
at fruit trees and thus had higher foraging success. This
study demonstrates the importance of how food patch
size and depletion rate affect the spatial preferences of
individuals.
Keywords Coati . Social foraging . Dominance .
Within-group spatial position . Food depletion . Feeding
competition . Predation

Introduction
As a group of animals moves through the environment,
individual group members encounter and consume food
items. If food items are small and quickly eaten, individuals
at the back of the group may forage in areas which have
already been stripped of resources. This often results in
individuals at the back of the group having lower feeding
success. This pattern of front-to-back food depletion has
been found in several studies (O’Connell 1972; Robinson
1981; Janson 1990b; Black et al. 1992; Krause et al. 1992;
Krause 1993; Hall and Fedigan 1997; Stahl et al. 2001;
Rowcliffe et al. 2004; Romey and Galbraith 2008).
However, when food is abundant, it may be impossible
for individuals at the front of the group to deplete food
resources before the arrival of individuals at the back of the
group, which leads to equal feeding rates from front to back
of the group (e.g., Hall and Fedigan 1997 during the wet
season).
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When food items occur in sparsely distributed and
defensible patches, front-to-back food depletion is not
predicted to occur (Hirsch 2007a). Fruit trees which contain
large numbers of fruit in a relatively small area are often
defensible resources. In many frugivorous primate species,
central individuals have the highest food intake rates
(Cebus nigrivittatus, Robinson 1981; Cebus apella and
Cebus albifrons, Janson 1986, 1990b; Macaca fascicularis,
van Schaik and van Noordwijk 1986, 1988; Papio anubis,
Barton 1993). This occurs because central dominant
individuals are able to aggressively monopolize the
concentrated resource (Janson 1996; Grant et al. 2002).
Subordinate group members are then left to seek alternate
food resources which may be located far away from the
group, or wait for the dominants to leave a central food
resource before entering (Vogel and Janson 2007). This can
lead to a pattern where dominant individuals are found in
the center of the group more frequently than other group
members, which has been found in several mammal species
(for review, see Hirsch 2007a). The same food resources
which can lead to higher feeding success in central
individuals are often important food resources, such as
fruit trees, and individuals may be able to remember the
locations of these trees in time and space (Garber and
Paciulli 1997; Janson 1998, 2000; Janmaat et al. 2006;
Janson and Byrne 2007). When individuals know the
location of food resources, individuals may use this
knowledge to change their spatial position preferences in
a manner which increases their food intake (Hirsch 2007a).
In particular, subordinate brown capuchin monkeys
(C. apella) have been observed to run far ahead of the
group before approaching a fruit tree (Janson 2000). By
“jumping ahead” of the group, subordinates are often able
to consume a share of the food resource before dominants
arrive and monopolize the resource. Alternately, subordinate brown capuchins who want to avoid aggression often
enter a food tree only after the dominants have left the tree
after feeding (Janson 1990a, b).
In cases where the locations of food items are unknown,
some individuals can act as scroungers. Rather than
independently search for food, scroungers search for
conspecifics which have found food and then join the food
discoverers (Giraldeau and Caraco 2000). When food
joining opportunities are present, central and frontcenter spatial positions may be ideal for monitoring food
joining opportunities and quickly joining feeding individuals (Barta et al. 1997; Janson and Di Bitetti 1997).
Because food joining often takes the form of aggressive
kleptoparasitism, dominants are predicted to be
scroungers more often than subordinates and thus may
choose front-center spatial positions more than food
finders (Janson and Di Bitetti 1997; Hirsch 2007a;
McCormick et al. 2007). The combination of food

abundance, depletion time, and prior knowledge of
resources is predicted to influence an individual’s choice
of within-group spatial position differently depending on
their dominance status (Hirsch 2007a).
Coatis are an ideal species to test predictions related to
within-group spatial position because they are mostly
terrestrial, have linear dominance hierarchies, and forage
on both large clumped items and small dispersed items
(fruit and invertebrates) (Hirsch 2007b, 2009). Before
making predictions as to how coatis should optimally
choose spatial positions, it is important to quantify food
depletion and understand how patch size affects food
depletion. The main purpose of this paper is to determine
which spatial positions lead to higher feeding success and
how food depletion affects group geometry and spatial
position preferences. It was hypothesized that coatis would
exhibit front to back food depletion while feeding on
invertebrates, but have higher feeding success in the middle
of the group while feeding on fruit. Because fruit and
invertebrate food abundance changes throughout the year,
these patterns are predicted to change over time and be
dependent on which species the coatis are consuming.
Previous work on ring-tailed coati fruit foraging suggests
that several fruit species consumed in Iguazu are quickly
depleted, which could lead to front-to-back food depletion
(Hirsch 2009). In addition to determining which spatial
positions result in the highest food intake rates, it is
predicted that dominant coatis, which are not constrained
by social dominance interactions, should choose spatial
positions consistent with maximizing their food intake.

Methods
This study was conducted at the Iguazu National Park,
Argentina between March 2003 and September 2004 (for
details of the field site, see Brown and Zunino 1990; Di
Bitetti 2001a, b). The study area is part of the Atlantic
Costal forest ecoregion, has a relatively high abundance of
fruit trees (two to three per hectare, Placci and Janson
unpublished data), and an intact community of felid
predators (Di Blanco and Hirsch 2006, Di Bitetti et al.
2006). Ring-tailed coatis are medium-sized, social Procyonids, which spend most of their foraging time searching for
invertebrates (millipedes, spiders, insects, and annelid
worms) in or below the forest leaf litter (Hirsch 2009).
Coatis in Iguazu spent between 69.7% and 97.5% of their
monthly foraging time foraging for invertebrates, but travel
and movement patterns of coati groups were mostly
determined by the presence of ripe fruit (Hirsch 2009).
Coatis spent more of their fruit foraging time exploiting
pindo fruits (Syagrus romanzoffianum) than any other fruit
species (Hirsch 2009).
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Coati groups were comprised of adult females
(24 months of age or older), subadults (12–24 months of
age), juveniles (2–12 months of age), and one adult male
(generally 36 months or older). Two coati groups (PQ and
PSG) were used in this study, and group size varied
between nine and 29 individuals. Group composition
changed over time, and subadults were absent in the PQ
group during 2004, and the PSG group during 2003 (see
Table 1 in Hirsch 2010a). Between one and three adult
females per group were fitted with radio collars which were
used to locate the groups. Coatis were captured using
Tomahawk or similar traps, anesthetized, and either fitted
with radio collars or given a unique combination of multicolored plastic eartags for individual identification (Dalton
Rototags). Groups of coatis were usually habituated within
2 to 3 weeks. Habituated coatis would allow observers to
silently walk within 2 m of a focal animal. Each group was
followed for at least 60 h per month and typically more
than 100 h per month.
Continuous focal samples were taken on known individuals from August 2002 to October 2004. Focal samples
were 10 s in duration and the same individual was not
resampled within 10 min. During the focal samples, I
recorded the identity of the focal individual, within-group
spatial position, individual and group activity (invertebrate
foraging, rest, alert, travel), individual and group terrestriality (arboreal or terrestrial), group speed (ranked from 0
to 3 with 0 being no movement and 3 being rapid travel),
the number and identity (when possible) of all individuals
within 3 m of the focal, and the number of food items
ingested. Short focal samples were used because many of
the associated variables recorded during the focal samples
changed frequently and rapidly. This was particularly
important for accurately measuring neighbor density
(number of individuals <3 m of focal). The use of a 3 m
radius to measure coati density was chosen because this
distance corresponds to the maximum radius of the fruit
shadow of the most commonly eaten fruit species (S.
romanzoffianum), thus this distance should have some
biological relevance. The species of fruit eaten during
samples was recorded and included in subsequent analyses
because feeding rates (number of fruits eaten per sample)
varied considerably by species. Individuals were selected
opportunistically. Due to poor overall visibility in the dense
forest, it was not feasible to select individuals based on a
pre-determined order. Adults were preferentially targeted
over juveniles, especially during 2004 when both groups
had large numbers of juveniles.
Spatial position of individuals was recorded in the same
manner as Janson (1990a, b). The group spread was
visually divided into three concentric ellipses: (1) center,
(2) middle, and (3) edge. The location of the focal animal
within these circles was then further subdivided into 12

positions based on the number of a clock, with 12 being the
front most position and 6 representing the back of the
group. These 36 spatial positions were then summarized
into five spatial position categories for analysis: (1) front
edge, (2) front middle, (3) center, (4) back middle, and (5)
back edge (Fig. 1).
Data on group spread and geometry was taken during
15-min scan samples of the group. During these samples,
the length and width of the group was estimated to the
nearest 5 m. All samples were taken by the author and these
estimations were periodically checked for accuracy. When
double-checking the group spread estimations, one field
assistant and I would locate and mark the front and back
edges of the group. After the group had moved away, we
would measure this distance using a 50-m fiberglass tape.
Group behavior and feeding data taken during the 15-min
scan samples included the percentage of arboreal individuals, group activity, group speed, and the number and
location of fruit trees in the group spread (if present).
To determine if coatis arrived at fruit trees in a particular
order, a series of tree focal samples was recorded (Vogel
and Janson 2007). When I was able to arrive at a fruit tree
before the arrival of the group, I recorded the number and
identity (or age/sex class) of all individuals eating at the
fruit tree every minute. Prior to the start of the sample, I set
the timer on my watch to beep every minute. The tree focal
sample started with the first beep after the arrival of the
coati group, thus the sample could have started between 1
and 59 s after the arrival of the group. At each beep I
recorded either the number of all feeding individuals, the
number of feeding individuals in each age/sex class, or the
ID of all feeding individuals.

Statistical analyses
Individual focal samples taken during periods of invertebrate foraging and fruit feeding were analyzed to test the
relationship between feeding success and spatial position
using the STATISTICA statistical package (version 6.1,
StatSoft, Inc, 2003). Before the analysis was performed, the
independence of consecutive samples was tested using the
Fig. 1 Spatial position categories with the top representing the
direction of group movement. 1
Front edge, 2 front middle, 3
center, 4 back middle, 5 back
edge
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method reported in Appendix 2 of Schoener (1981). The
number of samples recorded per month varied between 104
and 479 (fewer samples were taken during the birthing
season from October to December). A total of 67
individuals were sampled. Because it was not possible to
systematically sample individuals in a predefined order, an
unequal number of samples were taken on different
individuals and different age/sex classes (adult females
total number of samples N=1,902, number of samples per
individual ranged from 171 to 264, subadults N=835, range
46–172, juveniles N=1,499, range 4–102, adult males N=
238, range 3–155). The different number of individuals in
each age/sex class also contributed to unequal numbers of
samples for each age/sex class. Outer spatial positions were
larger in area than inner spatial positions and the density of
coatis varied by spatial position. These factors led to
considerable differences in the number of samples recorded
at each of the five spatial positions (N for spatial positions
1=1,423, 2=731, 3=740, 4=652, 5=928).
Two generalized linear models were conducted with fruit
or invertebrate feeding success as the dependent variable
and several potential predictor variables entered into the
models (time of day, group speed, group size, age/sex class
of individual, and the number of neighbors within 3 m). All
test statistics were two-tailed except where reported
otherwise. Because month is a circular variable, both the
month (represented by numbers 1–12) and month squared
were entered as variables to test for nonlinear seasonal
patterns. Because group ID was not a significant predictor
variable in the generalized linear models, individuals in the
two study groups were pooled into the same data set for all
analyses. Although two other habituated study groups were
not included in the analyses due to small sample sizes,
within-group spatial position patterns appeared to be highly
similar in these groups as well. To test for possible
pseudoreplication, separate generalized linear models were
run with individual ID as a predictor variable rather than
age/sex class. Because individual ID was not a significant
predictor variable and the slopes and P values of the other
predictor variables were very similar, it was determined that
repeated sampling of individuals did not skew the statistical
conclusions.
To test whether different age/sex classes differed in their
spatial position preferences, the focal samples were entered
into a contingency table with four age/sex classes and five
spatial positions (N=20 cells). χ2 models were calculated
from the contingency tables and the distribution of age/sex
classes by spatial position were significantly different from
random in the total model for both fruit feeding and
invertebrate foraging. Expected cell wise values were then
calculated for each age/sex class and spatial position based
on the total number of samples recorded for each age/sex
class and the total number of samples recorded at each

spatial position. The relative deviations from these expected
values were calculated by subtracting the observed values
from the expected values, and then dividing these by the
expected values. To test whether particular age/sex classes
were more or less likely to be found in certain spatial
positions, G tests were performed to determine if each age/
sex class had spatial preferences that differed from random,
and if so, cell wise χ2 values were calculated for each
spatial position. All significant values (α=<0.05) are noted
in Fig. 3. This same analysis was repeated for samples
taken during fruit feeding. To test whether the spatial
position preferences of the four age/sex classes were
different when feeding on fruit than when feeding on
ground litter invertebrates, a logistic regression test was run
with spatial position as the dependant variable (as a
categorical 1–5 variable) (N=4,474). Age/sex class, fruit
feeding, and the interaction of fruit feeding and age/sex
class were entered as independent variables in the multivariate analysis.
Data from fruit tree focal samples were analyzed in JMP
(5.1, SAS Institute 2004). For consistency, the analysis was
restricted to periods of feeding on pindo fruit and only data
from the PSG group during 2004 was used. All known
individuals were lumped into their respective age/sex
classes. The number of individuals feeding per age/sex
class was divided by their total number in the group to
control for differing numbers of group members by age/sex
class. A series of ANOVAS and Tukey–Kramer paired
comparisons were used to test for differences in the
presence of the four age/sex classes at pindo trees during
each minute. Not all pindo trees were depleted in the same
amount of time, thus the number of samples for each time
step differed (total of pindo trees used=160). In addition,
the minute in which the last individual to leave the tree
varied according to the depletion time. In order to correct
for this latter variation and test whether some age/sex
classes were more often found at the back of the group
during pindo foraging, an additional analysis was conducted using data taken during the last minute of pindo
feeding (only trees fed on for 2 min or more were used in
this analysis, N=129).

Results
When feeding on ground litter invertebrates, coatis typically
consumed prey items very quickly (1 s or less). In some
cases, they would spend over 15 s consuming a particularly
large annelid worm. Even though the consumption of
invertebrates was generally quick, coatis could sometimes
spend much longer excavating the prey. Coatis were
occasionally observed spending over 2 min digging holes
which reached up to 20 cm in depth searching for
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subterranean invertebrates. In general, invertebrate search
times were much shorter, and it appeared that most items
were found directly beneath a leaf or only a few centimeters
below the leaf litter.
Fruit trees were depleted more slowly than invertebrates,
ranging from 2.50 to 12.5 min on average (using the eight
most common fruit species; Hirsch 2009). Some large Ficus
trees were particularly productive and coatis were recorded
feeding continuously for up to 45 min in one tree. On the
other hand, small Cecropia trees were depleted relatively
quickly (average=2.5 min, N=37). The most common fruit
species eaten by coatis was pindo palm fruit (S. romanzoffianum) which were depleted in an average of 5.68 min
(N=406, Hirsch 2009). Species that were consumed more
slowly than pindo had negative slope values in the
generalized linear model, while species with smaller, more
quickly eaten fruits had positive slope values (Table 3).
Although many fruit trees were re-visited frequently, more
than once per day in some cases, it was not common to find
fresh fruits underneath the trees after a coati group visited
(Hirsch 2009). The major exception to this pattern was
when coati groups visited large ficus trees which could be
fed in for hours without depleting al the fruit (I observed
only two trees like this in the home ranges of the PQ and
PSG groups).
The average length and width of the two groups was
23.23 m by 14.34 m, respectively (SD length=18.22, SD
width=9.29). Both group length and width were significantly positively related to group size (length, F1,2208 =
244.10, P<0.001, width, F1,2208 =160.66, P<0.001). The
average length and width of small groups (between eight
and 15 individuals) was 16.83 m by 11.67 m (SD length=
10.11, SD width=6.77). The group spread in large groups
(25–31 individuals) was 28.87 m by 17.10 m (SD length=
21.99, SD width=10.65). The group spread was generally
greater in length than width, and this elongation increased
as the group increased travel speed (length/width ratio
during no movement=1.70, slow travel=1.85, moderate
travel speed=2.56, rapid travel=3.60, χ2 =109.05, df=3,
P < 0.001). When group speed, group size, and the
percentage of individuals eating fruit were entered into a
multiple regression model, fruit eating was positively
related to an increased group length/width ratio (F1,5 =
10.11, P=0.002).
The spatial position preferences of the four age/sex
classes during fruit feeding were similar to the patterns seen
when foraging on invertebrates (Table 1). Although both
fruit feeding and age/sex class were significant in the final
logistic regression model with spatial position as the
dependant variable, the interaction was not (whole model,
df=28, R2 =0.026, χ2 =364.92, P<0.001; food×age/sex
class, df=12, χ2 =11.75, P=0.466). The lack of effect of
the interaction variable is consistent with the hypothesis

that the spatial position preference of the age/sex classes
did not change markedly when feeding on fruit versus
invertebrate foraging. Adult females, subadults, and juveniles had statistically significant spatial position preferences
during invertebrate foraging, but only subadults had
preferences which differed from random during fruit
feeding (G test P values for age/sex class <0.05). These
results were likely influenced by the lower number of
samples recorded during fruit feeding (fruit feeding N=
1,045, invertebrate foraging N=3,429), and low sample
sizes recorded for adult males (fruit feeding N = 50,
invertebrate foraging N=188). Subadults were less likely
to be found in the center and more likely to be found at the
back edge of the group when feeding on fruit (front edge,
χ2 =5.21, P=0.023; back edge, χ2 =5.99, P=0.014) compared to other age–sex classes. During fruit feeding, it was
much more common to record individuals in the center of
the group compared to invertebrate foraging (χ2 =115.28,
P<0.001). This was either a result of biased data collection
or, more likely, a higher density in the group center during
fruit feeding.
When feeding on ground litter invertebrates, individuals
at the front of the group did not have higher food intake
rates (slope estimate=0.000, P=0.994). Three predictor
variables had significant effects on invertebrate foraging
rates: group size, month, and month squared (Table 2).
Invertebrate feeding success was negatively related to
group size (slope estimate=−0.019, P=0.003). Invertebrate
feeding rates were lowest during the winter (June–August).
Winter months are typically colder and invertebrate
abundance declines during this period (Di Bitetti 2001a;
Beisiegel and Mantovani 2006; Alves-Costa et al. 2004).
Spatial position had no effect on invertebrate food intake
even during the winter months when fewer invertebrates
were available (χ2 =0.229, P=0.632). Invertebrate feeding
success was negatively related to group speed, but only if a
one-tailed test was used (slope estimate=−0.129, one-tailed
P=0.044). Because greater feeding success with increasing
group speed was considered highly implausible, it was
previously determined that a one-tailed test was appropriate
for this effect.

Table 1 Nominal logistic model testing factors which affect the
number of samples recorded in each individual spatial position
(categorical 1–5)
Variable
Food (fruit or invertebrate)
Age/sex class
Food×age/sex

df

χ2

P value

4

90.59

<0.001

12
12

76.19
11.75

<0.001
0.466

N=4,474, df=28, R2 =0.026, χ2 =364.92, P=<0.001
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Table 2 Results of generalized
linear model for factors affecting
the food intake of coatis searching for ground litter invertebrates

N=3,429, df=10, χ2 =23.739,

Variable

df

Slope

Standard error

P value

Month
Month2
Time of day
Group speed
Group size
Age/sex
Adult female
Adult male
Subadult
Juvenile
Neighbor density
Spatial position (front to back)

1
1
1
1
1
3

−0.195
0.014
0.000
−0.129
−0.019

0.067
0.005
0.000
0.076
0.006

0.004
0.007
0.402
0.044
0.003

0.000
0.106
−0.128
0.045
0.031
0.000

–
0.140
0.096
0.085
0.023
0.028

–
0.448
0.181
0.591
0.187
0.994

1
1

P=0.008

Feeding rates differed depending on the species of
fruit being eaten (Table 3). Individuals eating fruit had
higher intake rates at the front of the group (slope estimate
front-to-back=−0.103, P=0.034). When the interaction of
the fruit species and spatial position variables was entered
into the generalized linear model, both variables remained
significant and the interaction did not, indicating that this
pattern of front–back fruit depletion occurred for all eight
fruit species. Fruit intake decreased with increasing
neighbor density and was positively correlated with larger
group size, time of day, and increased group speed
(Table 3). Although no differences in fruit intake rates
were seen between the different age/sex classes, age/sex
classes differed in their use of pindo fruit trees over time
(P values for all ANOVAS <0.001) (Fig. 2). Tukey–
Kramer analyses were used to investigate pairwise
comparisons of all age/sex classes and positive P values
indicated significant differences. Juveniles were more
likely found feeding in pindo trees than subadults and
adult males during the first minute of fruit feeding
(Tukey–Kramer paired comparison with adult females
P=0.008, subadults P=0.011, adult male P=0.057). The
presence of adult females and subadults did not differ
during the first minute of pindo feeding (P=−0.022).
During the second minute, juveniles were present more
often than subadults (P=0.001) and adult males (P=
0.037), and adult males were less likely to be present than
all other age/sex classes. During minutes 3–4, the only
significant difference found was that adult males were
less likely to be found feeding on pindo than juveniles.
From minute 5–10, no significant differences in the
presence of individuals of each age/sex class at pindo
trees was found. Tukey–Kramer analyses on the last
minute of pindo feeding failed to identify any significant
age/sex class differences (negative P values for all
comparisons).

Discussion
Invertebrate feeding success
There was no significant relationship between an individual’s within-group spatial position and their feeding
success on ground litter invertebrates, which may
indicate that invertebrates were common enough that
coatis were unable to deplete these food resources as
they passed over them (Hall and Fedigan 1997). This
pattern was even found during the Argentine winter, when
invertebrates were less abundant. The negative relationship between group size and invertebrate foraging success
may be evidence of invertebrate food depletion in large
groups, but this hypothesis is contradicted by the lack of
effect of spatial position and neighbor density on invertebrate foraging rates. The lack of a front-to-back depletion
effect during invertebrate foraging is different from
expected. Field experiments and intensive monitoring of
the ground litter invertebrate community are needed to
further understand why this pattern was not found.
A potential strategy to avoid conspecific feeding
interference during foraging is to travel in a phalanx
formation. If a group is spread out further in width than
length, individuals may be able to increase the amount of
food items encountered, while simultaneously reducing the
amount of food depletion from front-to-back of the group
(Altmann 1974; Hirsch 2007a). Coati groups rarely traveled
in a phalanx formation (15% of all samples), despite
spending most of their time foraging for invertebrates.
The ability of the groups to form phalanxes may have been
impeded by frequent traveling to fruit trees. When groups
traveled to fruit trees, they typically sped up before
arriving, which often leads to group elongation and a
higher density of individuals at the front of the group
(Bumann et al. 1997; Pochron 2001; Hemelrijk and Kunz
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Table 3 Generalized linear
model for factors affecting the
food intake of coatis feeding on
fruit

Variable

df

Slope

Standard error

Month
Month2
Time of day
Group speed
Group size
Age/sex
Juveniles
Subadults
Adult females
Adult male
Neighbor density
Spatial position (front to back)
Species
Syagrus romanzoffianum
Cecropia pachystachia

1
1
1
1
1
3

−0.133
0.000
0.000
0.300
0.034

0.153
0.013
0.000
0.127
0.014

0.385
0.972
0.070
0.018
0.011

0.026
−0.232
0
0.179
−0.045
−0.103

0.127
0.162
–
0.242
0.020
0.048

0.839
0.151
–
0.459
0.021
0.034

0
−0.425

–
0.459

–
0.355

0.530
0.747
−0.782
−0.685
0.463
−0.070

0.369
0.225
0.220
0.251
0.187
0.360

0.151
0.001
<0.001
0.006
0.013
0.845

Maclura tinctorea
Ficus sp.
Citrus sp.
Crysophyllum gonocarpum
Hovenia dulcis
Eriobotrya japonica

N=1,045, df=17, χ2 =87.481,
P=<0.001

2005). Because these fruit tree visits were so frequent, it
may have been difficult or impossible for the groups to
rapidly switch between a phalanx and an elongated group
formation.
Fruit feeding success
Individuals at the front of the group had higher fruit feeding
rates than individuals in the back. This effect remained
when the species of fruit was controlled for in the
generalized linear model, meaning that front-to-back food

% of age/sex class at pindo

16
14

160

129

111

61

80

21
50

38

19

32

12
10
8

1
1
1
7

P value

depletion was found while foraging on all fruit species.
Smaller, more abundant fruits (such as Hovenia dulcis and
Ficus sp.) led to higher intake rates compared to fruits
which were larger or more spread out in the tree canopy
(Citrus sp. and Crysophyllum gonocarpum). A negative
relationship between neighbor density and fruit intake rate
was found, which is consistent with interference or
“scramble” competition (van Schaik and van Noordwijk
1988). On the other hand, group size was positively related
to individual fruit feeding success (which is not consistent
with high scramble competition). The two main study
groups almost doubled in size during 2004 (Hirsch 2007b),
so it was difficult to separate the effects of group size and
year of study. When both year and group size were entered
into the generalized linear model, neither variable was
significantly related to fruit intake rate. Further data is
needed to determine if these patterns are the result of a
bumper fruit crop in 2004, or a group size effect.
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Fig. 2 The proportion of individuals of each age/sex class at a target
pindo fruit tree per unit of time. Time 1 equals the first minute of
arrival at the fruit tree. Error bars=±standard error. N=number of fruit
tree focal samples

The four age/sex classes all had different spatial position
preferences (Figs. 3 and 4). These preferences did not
significantly differ when foraging on fruit compared to
invertebrate foraging (see Hirsch 2010a for further details
on age/sex class differences). The fruit tree focal samples
were a useful double check of the results derived from
individual focal samples during fruit foraging and in many
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Fig. 3 Deviations from expected values of within-group spatial
position when feeding on terrestrial invertebrates during the entire
year. Spatial position numbers are continuous with 1=front edge of
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cases these two datasets resulted in similar patterns. During
periods of invertebrate foraging, juveniles were found to be
on the front edge of the group more often than predicted,
but not during fruit foraging. Juveniles were over represented during the first 1–2 min at a fruit tree, which
indicated that juveniles who were at the front of the group
during invertebrate foraging also arrived at fruit trees before
other age/sex classes. Although juveniles were not able to
increase their invertebrate feeding success when at the front
edge of the group, this spatial preference resulted in higher
foraging success at fruit trees.

Because juveniles are generally dominant over adult
females and subadults during dyadic agonistic encounters,
it was predicted that juveniles would be less constrained by
social factors than these other age/sex classes (Hirsch
2007b). Given that invertebrate foraging success was
similar throughout the group spread, it could be predicted
that juveniles should forage in the center of the group
during invertebrate foraging, where predation pressure is
lowest, and at the front of the group during fruit foraging.
This pattern was not found. By locating themselves at the
front edge spatial position during invertebrate foraging,
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juveniles were able to arrive first at fruit trees and increase
their total fruit intake. This strategy appears to be
particularly advantageous if juveniles have no prior
knowledge as to when the group will encounter a new fruit
tree. However, it is highly likely that coatis know the
location of fruit trees before visiting them. Coatis generally
travel between fruit trees in straight lines, and increase
travel speed before re-visiting fruit trees (Hirsch unpublished data). These patterns are highly consistent with the
hypothesis that coatis have prior knowledge of fruit trees
(Janson 2000; Pochron 2001; Janson and Byrne 2007). It
seems plausible that juveniles could switch their withingroup spatial strategies depending on the food source being
used. During invertebrate foraging, they could range in the
center of the group, then, before arriving at a fruit tree, they
could run up to the front of the group to feed before others
(Di Blanco and Hirsch 2006; Hirsch 2007a). It appears that
the juveniles were not spacing themselves according to this
strategy, but instead, consistently foraged near the front
edge of the group, despite an increased predation risk in
this position (Di Blanco and Hirsch 2006). A possible
reason for this seemingly sub-optimal pattern displayed by
the juveniles was that fruit trees were so common in the
environment, and they were visited so frequently, it always
paid to be located at the front of the group. The average
distance between fruit trees visited by coatis was 108 m
(median=53 m, N=423; Hirsch unpublished data). Coati
groups visited on average 17.8 fruit trees per day or one
tree every 27 min (Hirsch 2010b). It appeared that the
distance between fruit tree visits was generally too short to
allow juveniles enough time to switch spatial strategies
when using different resources. In many cases, individuals
at the front of the group entered a new fruit tree while
individuals at the back of the group were still feeding on a
previous fruit tree. Paradoxically, juvenile spatial choice
during invertebrate foraging appears to be the driving factor
which increased their fruit foraging rates.
Because subadults were subordinate to all other age/sex
classes, and thus more constrained in their spatial position
choices, they were predicted to use a “jumping ahead”
strategy. This pattern has commonly been seen in subordinate capuchin monkeys and may allow subordinates to feed
upon resources before the arrival of dominant individuals
who can monopolize the resources (Janson 1990b; Hirsch
2007a). There is conflicting evidence that subadult coatis
used this strategy. There was a trend for subadults to be
found more often at the front edge during fruit feeding
(χ2 =3.081, P=0.079) and the spatial position data appears to
support the hypothesis that subadults were using a bimodal
strategy of ranging in either the front edge or the back edge of
the group. However, this pattern was not detected during
the fruit tree focal samples. Subadults were significantly
less likely to be found at pindo trees than juveniles during

the first minute and were not found at pindo trees more
frequently during the last minute of feeding. The discrepancy between the fruit tree focal method and the individual
focal samples may be the result of a limitation in the focal
tree data. Focal tree samples were recorded at 1-min
increments, and finer-scale data collection (every 10–15 s)
may have been needed to detect other patterns. For
example, if a subadult arrived at a fruit tree before the
rest of the group, spent 15 s consuming a couple of fruits,
and then left upon the arrival of the juveniles and adult
females, this behavior might not have been recorded.
Although adult males were found in the front–middle
spatial position less often during invertebrate foraging, no
statistically significant differences were detected due to low
sample sizes (only one male was found in each group). Adult
males were consistently underrepresented at fruit trees during
the first 4 min. It seemed that adult males did not rush ahead to
fruit trees and generally avoided the front position regardless
of foraging behavior. Given that adult males were typically the
most dominant group members during dyadic interactions,
there seemed to be little reason for adult males to avoid a
concentrated source of food (Hirsch 2007b). In white-nosed
coatis, Gompper et al. (1997) found that adult female coatis
in larger groups were able to form coalitions and chase away
adult males from fruit tree shadows. Despite adult male
dominance, based on dyadic interactions, adult males may
have avoided pindo trees to reduce the possibility that
multiple individuals would form a coalition to drive them out
(Hirsch 2007b). Philopatric adult females may have been
less tolerant of adult males compared to adult females, whom
are likely related to each other, thus areas of the group with
high coati density could have been more of a threat to adult
males than adult females.
The relationship between food size and feeding success in
relation to within group spatial position was different than
expected. Although fruit feeding success was lowest at the
back of the group, ground litter invertebrates feeding success
was not. This may be evidence that ground litter invertebrates
in Iguazu National Park were too abundant to be easily
depleted. Given these patterns of feeding success, the
distribution of age/sex classes within the group was different
than expected as well. The most dominant individuals, adult
males and juveniles, were predicted to locate themselves at the
front edge of the group during fruit feeding more than other
group members. Juveniles were commonly found at the front
edge of the group, but adult males were not, and appeared to
avoid fruit trees. Because the juveniles were most commonly
found in the location in the group with the highest threat of
predation, the spatial position preferences of juvenile ringtailed coatis appear to be more focused on foraging benefits
than predation risk. Additionally, social factors such as
avoiding aggression may have driven individuals to locate
themselves in positions that were suboptimal for obtaining the
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highest foraging success possible (Hirsch 2010a). Such social
effects may explain why adult males that were dominant
during dyadic agonistic encounters, but had few or no allies,
chose not to forage in the optimal spatial position for
feeding.
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