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DISCUSSION which would outweigh the benefits of
high leaf-fragment flow into the nest.
Contrary to our expectations, we Alternatively, the realized mean

Abstract . This study examines the behavior of leaf-cutting ants (Atta cephalotes) in response to a
simulated heavy rain storm, as might be characteristic during the wet season at Corcovado

did not find a strong negative relation- leaf-fragment size may not be deter- National Park, Costa Rica. The storm was simulated by washing water over foraging trail seg-
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ship between leaf-fragment mass and mined by colony energy costs and bene- ments of differing lengths. After such an induced disturbance, the worker caste, without leaves,
speed of ants returning to the nest. This fits. For example, regardless of physical were the ants to re-connect the trail in all cases (n=6). Additionally, the larger the disturbed seg-

would imply that the speed of the ant is limitations with respect to bearing
not strongly affected by the size of the heavy loads, ants may not transport
leaf-fragments. The relationship may be large leaf-fragments due to increased
weakened by a substantial observed difficulty maneuvering a bulky object
variation in size within the worker caste. through a complex environment. INTRODUCTION (LMM, EDOH)
Larger workers may have carried larger Similarly, processing of leaf-fragments
leaf-fragments and traveled at high within the nest may require relatively The eusocial, subterranean-nesting,
speeds relative to the size of the leaf- small and (by our assumption) light leaf-cutting ant, Atta cephalotes, is com.
fragment. fragments. Other factors such as cutting posed of three distinct castes: minima,
Due to the weak correlation be- rate and fungus growth rate may also media (workers), and maxima (soldiers).
tween mass and speed, our model pre- limit the flow of material to the nest. After a trail leading out from the nest to

dicts a high leaf-fragment mass for foraging areas is cleared, the worker
maximum material flow, which is ants cut pieces of leaves and carry them
back to the nest for use in fungal gar-
dens. The minima ants culture the fun-
gus within the nest and can also be
found traveling the path or riding on
top of leaf-fragments. The soldiers
guard the nest as well as carry cut leaf-
fragments. Thus, at any given point in
time, the three castes can be found on
the cleared trails in large numbers,
carrying resources to the nest and
traveling back out to forage. Due to
these large numbers of exposed and
presumably vulnerable ants, trail re-
connection after a natural disturbance is
a matter of vital importance. One
frequent disturbance is the thorough
washout of the trails as occurs during
the heavy rains characteristic of tropical
rain forests. In this study we examined
possible patterns of trail establishment
after such destruction. We addressed
several questions:

ment, the longer it took the first ant to reconnect the trail. In 5 of 6 trials, the trail was re-estab-
lished in the same location as the original trail. These observations indicate that leaf-cutting ants
are able to reestablish their trails following disturbance, and lead to further questions surround-
ing the mechanisms involved in trail re-establishment. (STD, ESM, EDOH)

(1) Is time until reconnection by the
first ant directly proportional to
the size of the disturbance?

(2) Is the initiation of trail re-
establishment after disturbance
made by ants between the site of
disturbance and the nest or by
ants separated from the nest by
the disturbance?

(3) Is there a specific caste
responsible for reconnection?

(4) After the obliteration of the
physical path and the dilution or
removal of any trail pheromone,
is the trail re-established in the
same location?

Determining the steps involved in trail
restructuring would provide valuable
insight into the complex social struc-
tures of leaf-cutting ants.

METHODS (ESM, STD)

We sampled three sites on the
Sendero Rio Pavo and the Sendero
Sirena in Corcovado National Park,
Costa Rica on 26 January 1993. Sites
were selected near the research station
and were examined mid-morning (Rio
Pavo) and mid-afternoon (Sirena). At



both the Sendero Rio Pavo and the
Sendero Rio Sirena, we recorded the
width of the trail and the level of ant ac-
tivity, dividing the activity levels into
individual castes, at four random points
both before and after disturbances.
Recordings of activity level were taken
at 30sec intervals after the disturbance
until the activity levels equaled or ex-
ceeded pre-disturbance levels.

There were two types of distur-
bances generated. We poured 3l of wa-
ter 50cm from one side of the trail, des-
ignated as upper side, and allowed the
water to flood over the trail and run
across to the lower side. In two of the
trials on the Sendero Rio Pavo, we
scraped away the soil of the trail bed af-
ter the water disturbance in order to
eliminate the physical contour of the
previous trail. We assumed that any
pheromone remaining after water dis-
turbance would be washed onto the
lower side.
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Figure 1. The relationship between time of trail re-
establishment and length of trail segment
disturbed.

Data on the length of the trail seg-
ment disturbed and the time for the first
ant to travel from one side of the distur-
bance to the other side were also col-
lected and analyzed by regression.

RESULTS (KKI)

We found a positive, statistically
significant relationship between the time
required for the first ant to reach the op-
posite side of the disturbance and the
length of the disturbance area (p<0.01;
Figure 1).

In all of the six trials, the first ant to
reach the other side of the disturbance
was a member of the worker caste with-
out leaf-fragments; and in all of the tri-
als, these ants had come from the forag-
ing side of the disturbance.
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Figure 2. Ant activity on new segments of re-
established trail.

In five out of six trials, the trail was
re-established in exactly the same posi-
tion as the original trail. In the one ex-
ception, the trail was completely ob-
structed from ant crossing by a large

puddle. In order to bypass this puddle,
two new trail segments were established
around the puddle to re-connect to the
original trail. One segment was 12cm

from original trail, and the other was

23cm from the original trail. There was
a greater amount of ant activity on the
shorter of these two segments following
the disturbance (Figure 2) and we ob-
served that this greater activity rate
eventually increased until all activity
was concentrated on the shorter trail.
The number of ants from different
castes on a disturbed trail varied greatly
over time. The numbers from the sol-
dier caste remained virtually constant,
the numbers of the worker class without
leaf-fragments and minima castes in-
creased linearly with time, but the num-
ber of the worker caste carrying leaf-
fragments on the disturbed trail exhib-
ited a lag before it increased (Figure 3).
This trend was apparent for all of the
trials conducted.
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Figure 3. Number of leaf-cutter ants on the
trail after disturbance.

Finally, the lower side of the dis-
turbance had a significantly greater
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mean number of ants after a disturbance
than the uphill side (t=2.67, p<0.01).

DISCUSSION (STD)

Our results elucidate some of the
behavioral mechanisms involved in trail
re-establishment by leaf-cutting ants. In
response to our first question it ap-
peared that the greater the length of the
disturbance, the longer it takes for an
ant to re-connect the trail. Not only
were the results statistically significant,
but they also revealed an almost directly
proportional relationship. Additionally,
the ant that first re-connected the trail
was consistently of the worker caste
without leaf-fragments and came from
the foraging side of the disturbance.
Although all the ants displayed what
seemed to be haphazard behavior im-
mediately following the disturbance, it
was these workers without leaf-frag-
ments from the foraging side which ap-
peared the most directed in their search-
ing.

In a clear majority of the experi-
mental manipulations the trail was re-
established in its previous position. It
seems unlikely that this re-establishment
is a function of trail contour, as it was ef-
fectively destroyed during the simulated
disturbance. Moreover, any potentially
existing pheromone trail was undoubt-
edly diluted or removed by the volume
of water washed over the trail and/or
by scratching away the soil over the dis-
turbance site. Therefore, it seems un-
likely that the ants are chemically orient-
ing to the opposite end of the trail over
the large experimental distances. The
establishment pattern began with
worker ants without leaf-fragments
searching around the disturbance, while
a bottleneck of the workers with leaves



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.
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