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Abstract. We examined patterns of leaf size selection and speed of transport in the leaf-cutting ant,
Atta cephalotes, in Corcovado National Park, Costa Rica. We expected (1) a negative relationship

between leaf fragment size and ant travel speed and (2) that the ants would maximize the rate of
material arriving at the nest by choosing leaf fragments of appropriate size as determined by en-

ergetic requirements.

We found only a weak negative correlation between leaf area and speed, and the observed
mean was significantly smaller than our predicted maximum value. We discuss the interpreta-
tion that ants may not simply be maximizing the influx of leaves to the nest but optimizing their
energy gains against increasing energy costs associated with faster travel.

INTRODUCTION

Field observations revealed that
leaf-cutting ants (Atta cephalotes) carry
leaf fragments of different sizes as they
transport harvested leaves to their nest.
With the assumption that the productiv-
ity of the fungal garden is dependent on
a constant supply of leaf fragments, we
hypothesized that leaf-cutting ants
would forage efficiently by choosing a
appropriately sized leaf fragments so as
to maximize the influx of leaf materials
to the nest. We expected that, on the re-
turn trip to the nest, ants carrying larger
(heavier) fragments should travel more
slowly than ants carrying smaller
(lighter) fragments. Since the fragments
we observed being transported were
fairly uniform with respect to plant
species and thickness, we assumed that
leaf-fragment size is a good indication of
leaf-fragment mass. We therefore ex-
pected to find a leaf-fragment mass
which would result in a maximal rate of
leaf mass delivery to the nest.

This theoretical maximal leaf frag-
ment mass may be calculated by means
of a simple mathematical model (Figure
1). First, we derived the equation for the
line of regression which relates ant
travel speed to leaf fragment mass. The
equation was then multiplied by the
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Figure 1. Model of Predicted Maximal

Leaf-Fragment Mass for Leaf-Cutting Ants.

equation y=x in order to produce a
parabolic equation describing work
done with respect to speed and leaf
fragment mass. We solved for the max-
imal leaf fragment mass by setting the
derivative of the parabolic equation
equal to zero.

From the model, we predicted for
the worker caste that :

(1) Ant speed of travel back to the

nest will be negatively correlated

with leaf fragment size (mass).

(2) Mean size of leaf fragments will
be approximately equal to the
predicted maximum.
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Figure 2. Speed of individual ant travel as a function

chosen for study where it appeared that
the majority of leaf-fragments were of
uniform thickness. We used leaf-frag-
ment area as a surrogate measurement
of leaf fragment mass. Using a stop-
watch, we measured the length of time a
leaf-carrying ant required to move along
a 1m section of the trail. After the tim-
ing was completed, tweezers were used
to relieve the ant of its leaf. Leaf-frag-
ment area was then measured using an
acetate overlay grid. We counted the
2mm x 2mm squares filled by the leaf-
fragment under the grid and defined a
leaf area unit as equal to one square.
This procedure was repeated for 100 dif-
ferent ants and leaf-fragments. We
sampled approximately equal amounts
of large, medium and small leaf-frag-

in ten size classes.

METHODS

A leaf-cutting ant trail site was lo-
cated in a shady section of the Sendero
Pavo, west of the Estacién Sirena,
Corcovado National Park, Costa Rica.
Since leaf-fragment mass could not be
adequately measured, a single trail was

Figure 3. Frequency distribution of observed leaf-fragments
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There was a weakly
negative but statistically sig-
nificant relationship between
leaf weight and ant speed (r=.371, p<
.005; Figure 2).

Our model (see introduction) pro-
duced a predicted mean value of 62 leaf
area units as the maximal leaf size. The
mean size of our observed leaf frag-
ments (n=100) was 24.82 units, with a
standard deviation of 1.145 (Figure 3).



This deviated markedly from our pre-
dicted leaf size of 62.

DISCUSSION

Contrary to our expectations, we
did not find a strong negative relation-
ship between leaf-fragment mass and
speed of ants returning to the nest. This
would imply that the speed of the ant is
not strongly affected by the size of the
leaf-fragments. The relationship may be
weakened by a substantial observed
variation in size within the worker caste.
Larger workers may have carried larger
leaf-fragments and traveled at high
speeds relative to the size of the leaf-
fragment.

Due to the weak correlation be-
tween mass and speed, our model pre-
dicts a high leaf-fragment mass for
maximum material flow, which is

greater than the observed mean leaf-
fragment size. On a colony level, the
predicted value may require high en-
ergy costs for fast returning workers,
which would outweigh the benefits of
high leaf-fragment flow into the nest.
Alternatively, the realized mean
leaf-fragment size may not be deter-
mined by colony energy costs and bene-
fits. For example, regardless of physical
limitations with respect to bearing
heavy loads, ants may not transport
large leaf-fragments due to increased
difficulty maneuvering a bulky object
through a complex environment.
Similarly, processing of leaf-fragments
within the nest may require relatively
small and (by our assumption) light
fragments. Other factors such as cutting
rate and fungus growth rate may also
limit the flow of material to the nest.




