formed on the foraging side of the trail.
The workers with leaf-fragments did not
appear to venture into the disturbance
area until a relatively large number of
minima and workers without leaf-frag-
ments were already traveling the re-es-
tablished trail. The value of the
workers' resource may explain their
seemingly more cautious behavior.

The specific mechanism by which
the workers are re-connecting the trail is
unclear. It has been suggested that ants
are orienting to some external, physical
cue, possibly the sun or a magnetic field.
However, random searching for the
shortest re-connection distance could be
just as likely. This idea is supported by
the one trial where the ants did not re-
establish the original path. In this case
there were a large number of ants on the
shorter trail than on the larger.

It should also be noted that
pheromones, whether they play a role in
trail re-connection or not, do seem to be
part of the original trail. Contrary to the

equal distribution expected, there were
significantly more ants exploring the
lower side of the trail following the wa-
ter-induced disturbance. This could be
the result of possible pheromonal cues
being washed into this area.

This study documents some impor-
tant trends in leaf-cutting ant trail re-es-
tablishment. These ants appear to react
with specific trends and further study is
warranted to explore the mechanisms
involved.

INTRODUCTION (CRP)
LITERATURE CITED Travel rates between forage
patches are an integral part of foraging
Bizzarro, J. J., et al. 1992. The roles of efficiency models for arboreal primates
soldiers on leaf cutter ant foraging such as the spider monkey (Ateles geof-
trails. Dartmouth Tropical Biology , froyi). Travel rates may be affected by
eds. Dudycha and Shabel, p.68. both structural heterogeneity of the for-
est and group size. High variability in
the height of neighboring trees results in
more vertical movement and relatively
slow rates of travel between horizontally
separate food patches. Spacing between
canopy trees also decreases rates of
travel, since spider monkeys pause be-
fore and after jumping across gaps.
Spider monkeys should, therefore, select
places where the crowns of adjacent
trees are close together. Even so, cross-
ing at such places should decrease the
rate of travel as the size of the group in-
_ creases as only one monkey can cross at
a time over a narrow strip.
We thus hypothesized that the spi-
der monkeys' rate of travel between
food patches would decrease as

Stevens, G.C. 1983. Atta cephalotes. In
Costa Rican Natural History, ed. D.H.
Janzen, 688-91. Chicago: University
of Chicago Press.

(1) the variability in canopy height
between neighboring trees in-
creases,

(2) the spacing between trees in-
creases, and

(3) the group size increases.

THE EFFECTS OF CANOPY STRUCTURE AND GROUP SIZE ON SPIDER MONKEY
TRAVEL SPEED

Heather A. Dunn and Charles R. Preuss

Abstract. We tested an aspect of foraging theory by measuring the effects of canopy structure
variability and group size on the mean travel speed of spider monkeys (Ateles geoffroyi) between
foraging patches. We found that travel speed was negatively correlated with increase in canopy
spacing. We also found that travel speed decreased with group size, although this trend was not
statistically significant. Our data thus suggest that A. geoffroyi travel faster in denser canopy
structures and in smaller groups. To maximize foraging efficiency, we might expect the devel-
opment of preferred travel routes and an optimal size of foraging group. (HAD)

METHODsS (CRP)

Upon encountering spider mon-
keys, we recorded the number of indi-
viduals in a group. We then selected the
adult spider monkey closest to us as our
focal individual. After determining the
sex of the focal individual, we posi-
tioned ourselves under it and recorded
travel time and the distance covered.
We included only travel time between
food patches, disregarding movement
within a food patch. We measured the
horizontal distance the focal animal
traveled by following underneath its
route with a 50m drag line.

To measure canopy variability, we
used aspects of primate behavior in two
ways to assay canopy structural differ-
ences. First, we used an estimation of
the amount of vertical movement the fo-
cal individual traveled as a measure-
ment of variability in canopy height be-
tween neighboring trees. Second, we
used the length and number of jumps
made by the spider monkeys as a mea-
surement of the spacing between canopy
trees. In order to use these behavioral
activities as measurements in canopy
variability, we had to assume that these
behavioral measurements were inde-
pendent of the rate of travel.
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Figure 1. Travel speed of spider monkeys in
relation to mean spacing variability of canopy
trees at Corcovado National Park, Costa Rica.
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Figure 2. Travel speed of spider monkeys in
relation to meancanopy height variability at
Corcovado National Park, Costa Rica.

RESULTS (HAD)

Eight troops of spider monkeys

were encountered during two days of
field work, 30-31 January 1993. Travel

74

time, group size, distance covered, and

canopy structure varied amongst the

eight study trials. Males were the focal
animals in over 90% of the observations
(Table 1). In accordance with our
preliminary hypothesis, we found that

travel speed decreased significantly

with increasing variability in canopy
spacing (p<0.05; Figure 1). Travel speed
did not vary with differences in canopy
height (p>0.05; Figure 2).

In support of our second predic- k

tion, travel speed showed a decreasing
trend with increasing group size, but the
trend was not statistically significant
(p>0.05; Figure 3). The travel routes,
monkey sightings, group sizes and time
of observation are given in Appendix A.
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have significantly decreased the rate of
travel, variability in canopy height be-
tween these trees had no apparent effect.
Thus, to optimize their rate of travel be-
tween food patches, spider monkeys
should prefer habitats with high densi-
ties of canopy trees.

We also found that the rate of
travel decreased with increasing group
size, suggesting that spider monkeys
might have a preferred group size for
optimizing rate of travel between food
patches. However, other factors, such as

predator surveillance considerations,
may also influence group size.

This study would have benefited
from a larger number of samples which
would have allowed for the analysis of
potential differences in travel rates be-
tween males and females. Also, the
mean distribution of heights and dis-
tances between canopy trees would
have provided a better indication of the
heterogeneity of canopy structure.
Future studies should incorporate such
factors.

"Table 1. Time and Distance Traveled by Spider Monkeys at Corcovado National Park, Costa Rica.

Canopy variability*
Trial Group  Sex of focal Travel Distance ~ Speed (m/s) Spacing Height
size animals time (sec) traveled (m)
1 2 m 340 50 147 2 4
2 4 f mt 575 100 177 4 2
3 7 m 154 23 149 3 4
4 5 m 615 142.5 230 4 3
5 4 m 1293 536 415 4.5 3
6 3 m 888 278 313 4.5 4
7 1 m 180 60 330 5 4
8 5 fmt 253 65 257 5 4
taroups with two focal animals
*Key to canopy variability rankings:
SPACING HEIGHT
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Figure 3. Travel speed of spider monkeys in

relation to group size at Corcovado National Park

Costa Rica.
DISCUSSION (CRP)

Several factors affect spider mon-
keys' rate of travel between food
patches. While increased spacing be-
tween neighboring canopy trees may

1 2 3 4 5 6 7 8

movement])

1= widely spaced (>20 jumps/ 50m HM [horizontal

1= uniform (no VM [vertical movement])

2= slightly dense (10-20 jumps/ 50m HM)
3= dense (5-10 jumps/ 50m HM)

2= slightly variable (6.5-16m.VM/ 50m HM)
3= variable (16-32.25m VM./ 50m HM)

4= very dense (0-5 jumps/ 50m HM)

4= very variable (32.25m+ VM / 50m HM)

Appendix A. Primates encountered at Sirena, Corcovado National Park on 30-31 January 1993.

Spider monkeys Squirrel monkeys White-faced monkeys
Group size Time Group size Time Group size Time
2 0650 20 0830 3 0900
4 0800 20 1000 6 1420
7 0923 15-20 1430 5 1640
5 1024 7 0650
2 1515
4 0700
3 0740
1 0945
5 1020
3 1110
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