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Abstract Knowing how far away animals can detect
food has important consequences for understanding
their foraging and social behaviors. As part of a broader
set of ®eld experiments on primate foraging behavior, we
set out arti®cial feeding platforms (90 ´ 90 cm or
50 ´ 50 cm) throughout the home range of one group of
22 brown capuchin monkeys, at sites where they had not
seen such platforms previously. Whenever the group
approached such a new platform to within 100 m, we
recorded the group's direction and speed of approach,
and the identity and distance from the platform of the
group member that detected the platform or came
closest to it without detecting it. We used logistic re-
gression on these data to examine the e�ects of group
movement speed, platform size and height, and focal
individual age and sex on the probability of detecting the
platform as a function of distance. Likelihood of de-
tecting a platform decreased signi®cantly at greater
distances ± the probability of detecting a platform
reached 0.5 at 41 m from the group's center and 25.5 m
from the nearest group member. These results show that
detectability of platforms by the entire group (9 adults,
13 juveniles) was less than twice that for single group
members. Detectability at a given distance decreased
severely as the group moved faster; at their fastest speed,
individuals had to approach a platform to within less
than 10 m to ®nd it. The large platforms were signi®-
cantly more likely to be detected than the small ones,
suggesting that increased use of larger food patches by
wild primates may not necessarily re¯ect foraging pref-
erences.
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Introduction

Although rarely measured, the distance over which an-
imals can detect previously undiscovered prey items
plays an important role in several aspects of foraging
behavior and socio-ecology. First, encounter rates with
prey clearly depend on the distance over which they can
be detected (Schoener 1971), which may vary according
to prey type and size (e.g., Dukas and Ellner 1993;
Getty and Pulliam 1991), predator species and age
(Formanowicz 1987; Henderson and Northcote 1985),
foraging tactics (Andersson 1981; O'Brien et al. 1990),
habitat (Carlson 1985) or the predator's speed of
movement, leading to predictions of an optimal speed of
search (Gendron and Staddon 1983). Second, the ben-
e®t of remembering the locations of previously en-
countered or stored food items (e.g., food-storing birds:
Balda and Kamil 1988; Krebs et al. 1990) depends on
how easily these same items could be detected without
using memory. If the detection ®eld is large, ``dumb''
foragers can achieve prey intake rates only marginally
lower than ``smart'' foragers (C.H. Janson, unpublished
work). Third, the degree of food competition or forag-
ing enhancement among individuals in a social group
depends on how much food the group as a whole en-
counters relative to how much each individual alone
could encounter (Altmann 1974; Clark and Mangel
1986; Janson 1988). If individual detection ®elds are
large relative to distances between group members, then
the group will detect only a little more food than soli-
tary animals, thus engendering much food competition
if food items are small (Ranta et al. 1993). Conversely,
if detection ®elds are close to the same size as inter-
individual distances, then every group member ``pays its
own way'', food competition will be minimal, or there
can even be foraging enhancement if the food items
found can satiate more than one animal (Clark and
Mangel 1986).

The issue of prey detection ability is especially vexing
in interpreting the results of studies suggesting the
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existence of cognitive maps in primates and other ani-
mals. It has long been apparent to primatologists that
non-human primates have seemingly complex abilities to
remember and navigate among spatially ®xed renewing
or stable resources, be they fruit trees (Milton 1981;
Garber 1989), water holes (Altmann 1974), or tools
(Boesch and Boesch 1984). Although some of the pa-
rameters of cognitive maps have been analyzed experi-
mentally for a few primate species in captivity (e.g.,
Menzel and Juno 1985) and the wild (Menzel 1991;
Janson 1996), the vast bulk of data comes from obser-
vations on unmanipulated free-ranging primates. The
kinds of evidence used to infer the existence of cognitive
maps in the latter case focus on the preference of pri-
mate groups to visit the nearest available resource, to
travel to it in nearly a straight line, and to restrict such
apparently non-random visits to large productive re-
sources rather than small unproductive ones (e.g., Sigg
and Stolba 1981; Garber 1989). However, computer
simulations (Garber and Hannon 1993; C.H. Janson,
unpublished work) show that if primates tend to travel
in straight lines for other reasons, such as avoiding areas
previously foraged for insects, then even if they are ig-
norant of the locations of their food trees, they will still
encounter preferentially and use the nearest available
food sources if their detection ®eld for such food sources
is su�ciently large.Their tendency to use goal-directed
travel only toward large resources is also easily ex-
plained if the detection ®eld is larger for large, produc-
tive trees than for small unproductive ones. Thus, to
distinguish goal-oriented movement based on a mental
map from serendipitous discoveries of nearby food
sources requires knowledge of the detection ®eld of the
animals for the resources in question. Although some
intuitive guesses exist about the ability of monkeys to
detect fruit trees in tropical rainforest (Terborgh 1983),
none of these are based on experimental analysis of food
discovery by free ranging animals. Here we report on
experiments designed to establish the range of detection
of arti®cial food sources (wooden platforms with fruit)
by free-ranging capuchin monkeys in subtropical Ar-
gentina. The absolute results can be used to interpret the
outcomes of other experiments using such platforms to
explore spatial movement rules (Janson 1996), and the
relative trends should be representative of a broader set
of natural resources such as fruit trees.

Materials and methods

Study site and species

The study area is Iguazu National Park, Argentina. The site is
adjacent to Iguazu Falls (54°W, 26°S) and is covered with sub-
tropical forest in varying stages of recovery from human distur-
bance. Climate and fruit production are highly seasonal (see Brown
and Zunino 1990; Janson 1996), with a pronounced low point in
the winter months of June±August, when these experiments were
carried out.

The study species is the brown capuchin monkey (Cebus apella
nigritus), which lives in group sizes of 7 to over 30 individuals, with
a ratio of about 3 adult males to 4 adult females, and about as
many adults as juveniles (C.H. Janson, unpublished work). The
study group used here was the Macuco group, which consisted in
1995 of 3 adult males, 6 adult females, 1 subadult, 8 juveniles, and 4
infants. They are omnivorous, with a diet showing strong seasonal
variations from nearly exclusively frugivorous to a concentration
on insects during the austral spring to almost totally folivorous
during the austral winter when fruit is scarce (Brown and Zunino
1990).

Platforms and provisioning

Platforms were 95 ´ 95 cm or 50 ´ 50 cm structures with a wire-
mesh bottom (0.6-cm squares), 10-cm-high wood sides and ca.
2 ´ 5 cm wood ¯oor supports. Nylon cords were attached at the
four corners and tied to a single heavier cord ca. 1.2 m above the
platform. The heavier cord led through a pulley (tied to a tree
branch) and then to an attachment site on a nearby tree trunk at
chest height. The tree branches used for platform pulleys varied in
height from 4 to 15 m above the forest ¯oor; as precise measure-
ments were not made on each platform, we used a simple catego-
rization of heights to describe them in Table 1: 1 � 4ÿ 7 m,
2 � 8ÿ 11 m, 3 � 12ÿ 15 m. Fruits were placed on a platform
after lowering it with the rope to ground level; the platform was
then raised as close to the support branch as the rope and pulley
would allow (typically 1.2±1.5 m). The fruits used in these experi-
ments were tangerines, with which the capuchins were already fa-
miliar because a few trees have escaped from cultivation and occur
at the study site.

Platforms were used for two distinct sets of experiments:
``routine'' and ``discovery''. The routine platforms were always set
up in pairs ca. 10 m apart, and fruits were provided either daily or
twice daily, but only when the group had approached to within
30 m of the platforms; results from these experiments are not dis-
cussed here. The discovery platforms were set up singly in locations
where the group had not previously received provisioned food ei-
ther in 1995 or 1992 (see Janson 1996), and at least 100 m from any
other concurrently-used routine platforms (for speci®c locations
and dates of use of routine platforms, see Fig. 1). After a discovery

Fig. 1 Map of the study area, showing the access road (shaded), trail
grid (solid lines), ®eld station (black L shape), and positions of all
platforms used during this study period. Lettered sites correspond to
sites in Table 1.Checkered sites plus sitesA andDwere used as routine
feeding sites from 29 June to 25 July 1995. Thehorizontally striped sites
plus sites D, E, F, G, R, S, and T were used as routine feeding sites
from 26 July to 7 August 1995. The vertically striped site plus sites S, T,
E, K, and L were used as routine feeding sites from 8 August to 25
August 1995. Sites that were to become part of a routine design were
treated as ``discovery'' sites prior to the group's ®rst visit to them
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platform was set up, it was provisioned with 15 (or sometimes 10)
tangerines, which were left on the platform until the group dis-
covered it, or we took down the platform (to move it elsewhere).
We refer to the 95 ´ 95 cm platforms as large, and to the
50 ´ 50 cm ones as small.

Data collection

Pairs of observers followed the group from dawn to dusk, re-
cording the spatial location of the group at least once every 15 min,
the location and duration of all fruit-feeding activities, both at
platforms and natural fruit trees, and 5-min interval records on the
group's general activity, categorized into rest, feed (in food tree),
forage, ``forage-travel'', rapid travel, and miscellaneous (cf. Ter-
borgh 1983). When following the capuchin group, we stayed near
the center or back portion of the group spread to avoid providing
any anticipatory cues to the group about the location or provi-
sioning status of any platform. When the edge of the group ap-
proached to within ca. 50 m of a discovery platform, we chose as
focal animals for intensive observation the closest individual or pair
of individuals to the platform. We followed these individuals until
they found the platform or passed by it; in the latter case, we chose
the individuals currently closest to the platform (but not beyond it)
as new focal animals if the platform had not been discovered al-
ready. We avoided approaching the discovery platform to within
less than 10 m.

Discovery of a new platform by a monkey usually could be
recognized by several marked changes in behavior. First, the in-
dividual would stare ®xedly directly toward the platform for several
(2±10) seconds. Second, it would then start to travel rapidly
through the tree(s) in a nearly straight line to the platform. Third, it
sometimes began to vocalize with a distinctive ``food-associated
call'' (M.S. Di Bitetti, unpublished work). Although some indi-

viduals did not perform the last step, the ®rst steps were usually
su�cient to determine when and where the monkey ®rst found a
platform. When a platform was discovered, we noted the distance
from the platform to the discovering individual at the moment of
discovery, measured by the observer's pacing between the two lo-
cations on the forest ¯oor; no estimate of vertical distance was
attempted. Accuracy of pacing was checked frequently against
measured distances along measured trails (Fig. 1). We also noted
the number of neighboring individuals, time delay to the ®rst food-
associated calls, and how many tangerines were consumed by any
group member that visited the newly-discovered platform. From
the associated background notes on group positions, described
relative to the trail grid (Fig. 1) at 15-min (or shorter) intervals, we
calculated the speed of movement of the group (straight-line dis-
tance between successive locations on the trail grid, divided by time
between observations). Absolute coordinates (relative to the ®eld
station, Fig. 1) of mapped positions on the trail grid were obtained
with the mapping software Tracker (P. Lee, 1995; available from
the senior author upon request); straight-line distances between
locations were obtained from the absolute coordinates via Euclid-
ean geometry. Based on non-concordance between mapped loca-
tions of unique landmarks (e.g., the junction of two trails), the
error in calculating straight-line distances with the Tracker soft-
ware is estimated to be less than 5% of the true distance. By ref-
erence to mapped positions of the group during its approach
toward a platform, we also calculated the shortest perpendicular
distance between the major axis of group movement and the plat-
form (PD in Fig. 2). The latter information is analogous to transect
census methods in which an observer measures the shortest (per-
pendicular) distance from any discovered animals to the straight
census trail (e.g., Burnham et al. 1980).

The senior author took opportunistic measurements of the
group length and width whenever the group moved nearly parallel
or perpendicular to a marked trail. The length was taken as the

Table 1 Data of every approach to less than 100 m by the study
group to a discovery platform. Dates are expressed as month/date.
Locations of the sites are shown in Fig. 1. De®nitions of NAD and
PD are given in Fig. 2. For measurement methods and other de-

®nitions, see Methods. Speed refers to group speed. Each site was
used only until a discovery occurred, except for the two ®nal cases
where the platform was replaced after having been removed for a
minimum of 14 days

Date Site NAD PD Detect? Speed Sex Age Platform size Height category

06/29 A 10 0 Yes 5 $ Adult Large 1
07/15 B 60 85 No 2.5 $ Adult Large 2
07/17 B 15 40 Yes 7 # Subad Large 2
07/21 C 8 30 No 10 $ Adult Large 2
07/25 D 6 5 Yes 10 # Adult Large 3
07/27 E 50 55 No 7 # Adult Large 2
07/27 F 6 30 Yes 7 $ Adult Large 1
07/27 E 45 65 No 8 ± ± Large 2
07/29 G 18 15 Yes 3 $ ± Large 1
07/29 H 15 28 Yes 5 $ Adult Small 1
07/30 I 15 35 No 10 # Adult Small 1
08/02 J 30 80 No 2 $ Adult Small 2
08/03 J 20 80 No 5 # Adult Small 2
08/04 I 15 40 No 5 # Adult Small 2
08/07 J 16 15 Yes 5 # Adult Small 2
08/07 K 12 25 Yes 3 $ Juv. Large 2
08/08 E 34 15 Yes 2 # Adult Large 2
08/09 L 20 40 Yes 5 $ Adult Large 2
08/09 M 30 60 No 1 # Adult Large 1
08/10 N 5 45 Yes 2 # Adult Small 1
08/11 M 12 10 Yes 6 $ Adult Large 2
08/12 O 22 20 Yes 5 $ Juv. Large 2
08/20 P 10 5 Yes 5 $ Adult Large 2
08/21 Q 10 12 Yes 5 # Adult Small 1
08/22 C 20 30 Yes 1 # Juv. Large 2
08/22 R 8 ± Yes ± ± Adult Large 1
08/24 J 8 20 Yes 2 # Adult Large 2
08/25 B 60 70 No 5 $ Adult Large 2
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straight-line distance between the trail positions of the ®rst and
last observed individuals in the direction of group movement;
width was taken as the distance between the two extreme points
on the trail above which group members were observed to
cross.

Statistical analyses

Clearly, the detection of a platform by any group member will not
be independent of its prior detection by other group members.
Therefore, each approach by the group to within 100 m of a dis-
covery platform was considered a single independent data point,
regardless of how many di�erent focal animals we observed during
the approach. Although detection of a platform was considered at
the group level, it could depend on variables related to those in-
dividuals that were closest to the platform. To reduce possible
dependence among the independent variables, we chose variables
related to only one individual per approach. This individual was
either the one that detected the platform or the individual that
approached it most closely if no detection occurred; the corre-
sponding variables are its age, sex, and the distance to the platform
at which detection occurred or the shortest distance of approach if
no detection occurred (NAD, Fig. 2). The remaining independent
variables are either group-level traits (average foraging speed, the
shortest perpendicular distance between the platform and the
group's center) or characteristics of the discovery platform (large
vs. small, height category). Because the dependent variable in lo-
gistic regression is a qualitative outcome (discovery vs. no discov-
ery), plots of the raw data against an independent variable are hard
to interpret; to present the results graphically, we averaged the
frequencies of discoveries and non-discoveries over modest ranges
of distances (0±10 m, 11±20 m, 21±30 m, 31±40 m, 41±60 m,
>60 m), subject to the constraint that there be a minimum of four
observations per average.

Asymptotic parameter estimates and probability levels for each
e�ect were calculated with the statistical package JMP 3.1 (1995,
SAS Institute). The statistical signi®cance of a variable in regres-
sion can be judged either by the probability level associated with its
parameter or by the change in the overall goodness of ®t of the
model due to the addition of that variable. The latter procedure
depends less on speci®c assumptions needed for parameter esti-
mation and thus is preferred; we provide both the probability that a
given variable's asymptotic parameter equals 0, as well as the total
model goodness of ®t (measured by the chi-square statistic against
the null hypothesis of homogeneity). The program JMP also allows
``inverse prediction'' ± the calculation of the expected value and
con®dence limits (using Fieller's method) of the independent vari-
able corresponding to a given level of the dependent variable. We
used inverse prediction to estimate the mean (and range) of dis-
tances at which the study group of capuchins had an even (1:1 or

50%) chance of discovering or not discovering the food platform.
We performed this prediction for several group movement speeds
within the range of speeds observed in our discovery data (2±10 m/
min; Table 1).

Unless noted speci®cally, probability levels for each e�ect are
two-tailed. In several cases, we have used one-tailed tests, because
particular outcomes are either universally held to be true (detect-
ability of a target decreases with distance, e.g., Burnham et al.
1980) or are logically implausible (it is hard to imagine that de-
tectability could ever increase at faster movement speeds, see
Gendron and Staddon 1983, or be lower for larger targets).

Results

Hypotheses

The null hypotheses are that the probability of detection
of a platform by the group (i.e., by at least one group
member) is the same regardless of the age, sex, or dis-
tance to the platform of the group member that detected
the platform or came closest to it if it was not discovered
(NAD, Fig. 2), the group's average movement speed
during the approach, the shortest perpendicular distance
between the platform and the center of the group (PD,
see Fig. 2), or the size and height of the platform. The
alternative hypotheses for one-tailed tests are that the
probability of discovery should decrease with increasing
distance (either NAD or PD) and be larger for large
than for small platforms; no strong prediction could be
made for platform height because its e�ects would pre-
sumably depend on the height of the foraging group,
which we could not control for or measure systemati-
cally.

Foraging parameters

During the study, the Macuco group spent most of their
activity period looking for or consuming food; resting
and miscellaneous activities occupied only 5.9% of
daylight hours. Of their food related activity, the group
spent 20.9% (� � 8:6, n � 8 dawn-to-dusk follows)
feeding in food trees (including platforms), 46.6%
(� � 10:6) in slow foraging, 20.2% (� � 4:2) in forage-
travel, and 6.4% (� � 2:3) in rapid travel. During
foraging, the group maintained an average front-to-
back length of 56.6 m (n � 32, � � 20:3) and a width of
42.4 m (n � 30, � � 11:1). The width of the group was
inversely proportional to its movement speed (Kendall
non-parametric correlation, � � ÿ0:32, n � 30, P �
0:036), ranging from an average of 45.6 m (n � 18)
during slow foraging down to 32.5 m (n � 2) during
rapid travel. The length of the group was not predictably
related to travel speed (� � 0:17, n � 32, P � 0:24). The
rate of movement of the group's center during slow
foraging averaged 2.56 m/min (� � 1:69, n � 83), during
forage-travel it averaged 4.95 m/min (� � 1:18, n � 16)
and during rapid travel it was 16.03 m/min (� � 3:84,
n � 56).

Fig. 2 Diagram showing the meaning of the distance measurements
used in this study. The shaded areas depict the spread of the social
group. Nearest approach distance (NAD) is either the distance at
which the focal animal (usually at the edge of the group) detected the
platform or the closest approach by any focal animal to the platform if
the platform was not detected in a given approach. Perpendicular
distance (PD) is the shortest distance from the major axis of group
movement to the platform, regardless of whether the platform was
detected or not
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E�ect of distance

The Macuco group approached previously unused
platforms to within 100 m 28 times during the study
period (Table 1). The probability of detection of the
discovery platform decreased signi®cantly with increased
distance, either the nearest approach distance (hereafter
NAD) by a focal animal or the shortest perpendicular
distance (hereafter PD) between the platform and the
group's major axis of movement (Fig. 3). The relation-
ship between detection probability and PD alone was
much stronger than that with NAD alone (Table 2,
models 1 and 2). In a multiple regression using both
distance measures, NAD was not a signi®cant pre-
dictor of detection probability (one-tailed P � 0:35),
whereas PD retained a signi®cant e�ect (one-tailed
P � 0:02).

E�ects of group movement speed

When controlling statistically for either measure of dis-
tance, detection probability decreased with increasing
travel speed. For both NAD and PD, the addition of
group movement speed signi®cantly increased the
model's ®t to the data relative to the null model of no
association (for NAD, D chi-square � 4:28, df � 1, one-
tailed P � 0:019; for PD, D chi-square � 6:55, df � 1,
one-tailed P � 0:005). In the model with NAD, the pa-
rameter associated with travel speed was signi®cantly
less than 0.0 (Table 2, model 3), while a similar strong
trend was seen in the model with PD (Table 2, model 4).
Ignoring travel speed, the NAD at which the group had
an even chance of discovering or missing a food plat-
form was 25.5 m (Table 3). However, when moving
slowly (2 m/min), as they did during insect foraging, the
corresponding NAD was increased 16%, whereas when
traveling at 10 m/min, as they did when moving between
previously known feeding platform sites, the NAD
needed to assure 50% detection decreased 64%
(Table 3). The PD needed to achieve a 50% chance of
detection overall was 41.0 m, increasing 26% when the
group moved at 2 m/min and decreasing 34% to 27.7 m
when they traveled at 10 m/min (Table 3). The latter
®gure is not signi®cantly di�erent from the group's
actual mean width of 21.2 m during travel (n � 30,
� � 5:56, P � 0:25). In other words, the faster they
move, the narrower the detection swath in which they
could detect food sources; at high travel speeds, they
nearly had to trip over a platform to detect it.

E�ects of age and sex of the focal animal

Neither alone nor in combination with either measure of
distance did sex of focal animal signi®cantly a�ect de-
tection probability (alone: P � 0:68; controlling for
NAD, P � 0:5; controlling for PD, P � 0:91). Likewise,

Fig. 3 Probability of detection of arti®cial feeding platforms as a
function of the nearest approach distance (see Fig. 2) between the
platform and group individuals (triangles) or of the shortest
perpendicular distance (see Fig. 2) from the platform to the center
of the group spread (boxes). Data points (based on Table 1) are
calculated as the proportion of group approaches to a platform that
resulted in detection, calculated within 10-m increments of the
independent distance variable (see Methods for details)

Table 2 Results of logistic re-
gressions of probability of de-
tection. NAD is the nearest
approach distance of an in-
dividual to the platform prior to
discovery, while PD is the
smallest perpendicular distance
between the group main axis
and the platform at any time
during the group's approach.
Speed is in meters/min. Large is
a binary variable with value 1 if
the platform was large (95 cm)
and 0 if the platform was small
(50 cm)

Model Variable Parameter estimate (SE) Probability Total model
(one-tailed) chi-square (df)

1 Constant 3.0298 (2.364) ± 11.54 (1)
NAD )0.1187 (0.0504) 0.0092

2 Constant 6.0098 (2.369) ± 21.43 (1)
PD )0.1465 (0.0616) 0.0082

3 Constant 8.2423 (3.856) ± 15.82 (2)
NAD )0.2383 (0.1189) 0.0225
speed )0.6063 (0.3445) 0.0392

4 Constant 19.1717 (11.588) ± 27.98 (2)
PD )0.3326 (0.2078) 0.0527
speed )0.9970 (0.6159) 0.0547

5 Constant 2.3040 (1.1956) ± 15.66 (2)
NAD )0.1486 (0.0601) 0.0067
large 2.2815 (1.2314) 0.0319

6 Constant 9.4383 (5.8877) ± 19.91 (3)
NAD )0.3119 (0.1816) 0.0430
speed )0.8740 (0.5998) 0.0725
large 2.6453 (1.5428) 0.0432
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no signi®cant e�ect of focal animal age was detected (all
Ps > 0:9), but there were very few (4) observations with
focal animals as juveniles, because juveniles are rarely
the animals on the periphery of the group (cf. Janson
1990).

E�ects of platform size and height

When controlling statistically for either measure of dis-
tance, detection probability was greater for larger than
for smaller platforms. Adding platform size signi®cantly
increased the ®t of the model using NAD (Table 2,
models 1 vs. 5, D chi-square � 4:12, df � 1, one-tailed
P � 0:021), but did not for the model using PD alone
(� chi-square � 0:4, df � 1, one-tailed P > 0:25). When
platform size was added to the logistic regressions using
travel speed along with NAD or PD, the increase in
model ®t was signi®cant in both cases (for NAD,
� chi-square � 4:1, df � 1, one-tailed P � 0:021; for
PD, � chi-square � 3:91, df � 1, one-tailed P � 0:024).

The height category of discovery platforms (within
the range used in this experiment) appeared to have little
e�ect on the probability of detection. After controlling
for detection distance and platform size, platform height
category (seeMethods) did not contribute signi®cantly to
the probability of detection (with NAD, � chi-square
� 0:1, df � 1, P > 0:50; with PD, � chi-square � 0:84,
df � 1, P > 0:50).

Discussion

E�ects of NAD versus PD

It is not surprising that the results show that PD alone is
a better predictor of detection probability than is NAD
alone. PD is a ``group''-level measure of distance and
integrates across the entire approach of the group to a
platform; note that PD is the same for a given approach
to a platform regardless of which individual discovers or
fails to discover the platform at whatever NAD. In
contrast, NAD di�ers in meaning between cases in
which detection occurred or did not (Fig. 2). When de-
tection does not happen, the NAD is in fact the closest

approach of the animal to the platform, and thus rather
analogous to, albeit usually smaller than, the PD, which
is measured from the group center. However, when
detection does occur, NAD is the distance at which
the detection took place, not the closest approach the
focal animal would have made if the discovery had not
occurred, which is of course not knowable. Thus, when
detection does not occur, NAD is usually less than PD,
but when detection does occur, NAD can often be
greater than PD (as when the group is traveling straight
at a platform, PD � 0, and the focal animal detects the
platform from a considerable distance, NAD � 0). The
stability and integrative nature of PD make it a far less
variable and more robust estimator of detection proba-
bility than is NAD.

Nevertheless, NAD provides other information. Be-
cause NAD better re¯ects the discovery process of the
individual, it is not surprising that its e�ect on detection
is more sensitive to travel speed and platform size than is
that of PD. After all, if PD � 0, the platform will almost
certainly be discovered regardless of the group's move-
ment speed or the platform's size, but the actual distance
at which the focal animal detects the platform (NAD)
will likely be a�ected by both variables, as shown in the
Results. The integrative nature of PD makes it far less
sensitive to variables that a�ect each individual's prob-
ability of detecting a platform.

Mean detection distance ± implications
for social foraging

A number of studies have demonstrated that individuals
may increase their food intake when foraging in a social
group (e.g., Caraco and Wolf 1975; GoÈ tmark et al. 1986;
Hector 1986; Peres 1992). However, most of these ex-
amples concern predators hunting active prey that may
escape, and the bene®t of social foraging is thought to be
in higher attack success rather than increased rate of
prey detection. Several other studies have shown that
individuals may encounter prey items more quickly
when foraging in groups (e.g., Hake and Ekman 1988;
Travers 1993), but in these studies the increase derives
from individuals cuing in on the food discoveries of
others (i.e., ``scrounging'': Vickery et al. 1991). Thus, the

Table 3 Expected values of distance at which the capuchin group
had a 50% chance of detecting or not detecting a feeding platform,
and associated con®dence limits, calculated using inverse prediction
by the statistical package JMP. Con®dence limits could not be

calculated for perpendicular distance with travel speed included, as
the parameter estimates for this analysis were not signi®cant at
alpha = 0.05 (Table 2, model 4)

Distance measure Expected value U95% L95% U90% L90%

Nearest approach 25.5 77.2 16.6 47.5 18.3
Perpendicular 41.0 77.8 29.7 58.5 32.6
Nearest, 2 m/min speed 29.5 ± ± 54.6 22.6
Nearest, 10 m/min speed 9.1 ± ± 30.7 0.0
Perpendicular, 2 m/min speed 51.65 ± ± ± ±
Perpendicular, 10 m/min speed 27.7 ± ± ± ±
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average per±capita food intake rate may decrease with
group size even though the rate of individual food en-
counters increases, because individual food discoveries
are ``shared'' among group members (Hake and Ekman
1988). To date, there exists little direct evidence about
whether and how quickly total food encounter rates
increase with foraging group size, a relationship crucial
to most models of social foraging (Altmann 1974; Clark
and Mangel 1986; Vickery et al. 1991; Ranta et al. 1993).
In this study, a group of 22 capuchin monkeys had a
50% chance of discovering a food platform at a per-
pendicular distance (from the group's center) of 52 m
during slow foraging. The average group spread during
foraging of 42.4 m implies a group half-width of 21 m.
The di�erence between the group's detection swath and
its physical radius (52ÿ 21 � 31 m) agrees remarkably
well with the mean NAD during slow foraging (29.5 m).
Thus, it appears that the group's foraging swath is in-
deed increased by the amount expected from the forag-
ing swath of its most peripheral group members. In any
case, the group's expected rate of platform discovery is
1.76 (52 m/29.5 m) times as rapid as is expected of a
single foraging animal. Although this increase in food
discovery is appreciable, it can hardly pay back the costs
of feeding 21 extra mouths (or excluding juveniles, 8
extra mouths), given that the majority of food trees used
by this species are not productive enough to satiate even
a lone individual (Janson 1988). Even with an increased
detection ®eld for food trees, it seems unlikely that
group foraging is likely to be a major per-capita ad-
vantage of group living for these capuchin monkeys,
even though it remains a theoretical possibility for other
primates (Rodman 1988).

Tradeo� between movement speed and detection

The results from this study con®rm the hypothesis of
Gendron and Staddon (1983) that animals should not
search for food at the maximum possible speed because
the faster they travel, the narrower their search ®eld will
become. This reduced search ®eld is not just a re¯ection
of the group's being less spread out during rapid travel
(see Results), because a signi®cant e�ect of travel speed
is seen also when the detection distance is measured as
NAD, which does not depend on group width. The re-
duced search ®eld at higher travel speeds is due pre-
sumably to some combination of reduced time exposed
to platforms at any given distance and a tendency to
focus more exclusively on choice of substrates.

In the case of these capuchins, faster travel was re-
lated to reaching a prede®ned, known goal (see Janson
1996). Rapid travel to ®xed resources is likely to be an
expression of indirect or scramble competition, because
the ®rst to arrive at the resource may obtain more food
or feed more quickly than it could if it arrives later (cf.
Janson 1985). The group's apparent decrease in detect-
ability when traveling rapidly may be a re¯ection of their
common focus on maximizing known future gains rather

than maximizing unknown present ones. In any case, the
lower detectability of rapidly traveling groups could
provide an actual foraging cost to animals that use
spatial maps for foraging, unless their target resources
are quite predictable in yield or they can avoid traveling
rapidly between targets. If the target resources often are
emptied out by competitors, then it would be foolish to
travel rapidly and pass up the opportunity to ®nd and
use unknown resources along the way.

E�ect of platform size ± implications for studies
of cognitive maps

One of the kinds of evidence that animals have and use
cognitive maps is that they encounter and use larger
food sources at higher rates than smaller food sources
(e.g., Garber 1989). While this observation is consistent
with a rational foraging strategy based on knowledge of
the locations of food sources, it is also consistent with a
pure discovery process in which larger resources are
detected more easily than small ones. In these experi-
ments, larger platforms were found more easily at a
given distance than were small ones. The magnitude of
this e�ect is quite large ± the mean NAD for large
platforms was nearly twice that of small ones (30.9 vs.
15.5 m, from model 5, Table 2). This ratio of detection
distances is nearly identical to the ratio of the dimen-
sions of the platforms themselves (95 cm:50 cm), sug-
gesting that detection depends largely on the visual angle
subtended by the target (as assumed in several models of
search strategies: Andersson 1981; Getty and Pulliam
1993). Because the number of tangerines and sizes of the
rope and pulley for each platform did not di�er sys-
tematically between large and small platforms, whatever
di�erence we ®nd in detection likelihood between the
two sizes of platforms is either independent of these
variables or is an underestimate of the e�ect due to
platform size alone.

If detection ability correlates directly with resource
size, as implied by our results, it is not outrageous to
expect that large-crowned fruit trees (25 m diameter)
might be encountered at random substantially more
often than small-crowned ones (5 m diameter), all else
being equal. Just how much more often is not easy to
judge, as it is improbable that the entire fruit tree is the
unit of discovery. In a dense forest, even large-crowned
trees will have only a small portion of their crown ex-
posed to a monkey group. In any case, without inde-
pendent estimates of the detection radius for di�erent-
sized resources, one must be very cautious about inter-
preting an apparent preference for larger food sources as
evidence for a cognitive map.
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