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Figure 1. Territory size and number of females as a function
of inflorescence density at Cuerici Biological Preserve,

Costa Rica.
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range of flower densities, males spent approxi
mately 20% less time chipping in the afternoon than
in the morning (t =-7.09, df =4, P = 0.002; Fig. 2). In
addition, interspecific interactions appeared to be
more frequent on high-quality than on low-quality ter-
ritories, although we were unable to quantify this.

3
Inflorescence density
{Rank order, 1 = most dense)

4

Fig. 2. Territorial display activity by fiery-throated hum-
mingbirds as a function of inflorescence density at Cuerici
Biological Preserve, Costa Rica,

Cerro de la Muerte

DISCUSSION

Fiery-throated hummingbirds are a highly territorial
species whose breeding success depends on the qual-
ity of their territories, as measured by flower density
(Stiles 1983). At Cuerici Biological Preserve, males
with flower-rich territories spend more time chipping
than males with flower-poor territories, perhaps
because the high flower density allows the males to
ingest adequate nectar in less time and to call for more
time than males on low quality territories. Addition-
ally, males with flower-rich' territories might spend
more time chipping due to increased interspecific and
intraspecific competition.

Temporal variation in chipping (Fig. 2) might be
due to diurnal variation in territory quality. Because
daytime nectar production is highest in the morning,
males may spend more time defending nectar-rich
flowers during the morning than after nectar resources
are depleted. Greater defenses could also be a reflec-
tion of typical weather conditions in which clear
morning skies often give way to heavy clouds and
afternoon mists. Perhaps, both territory holders and
potential competitors are more active in the morning
than in the afternoon when energy expenditures might
be greater due to wet, cool conditions.

Flower density apparently also affects the presence
of females, intraspecific competitors, and interspecific
competitors. Females were only observed in the three
highest quality territories. ~Similarly, interspecific
competitors such as the slaty flower piercer (Diglossa
plumbea) and the volcano hummingbird (Selasphorus
flammula) were more abundant in the two most
flower-rich territories. Nevertheless, the male hum-
mingbird's defenses indicate that despite additional
interspecific competition, it may be beneficial for
males to defend the best territories due to increased
mate attraction.

Our results support the hypothesis that territory qual-

-ity affects chipping rates, territory size, and number of

visits by females. The population dynamics of fiery-
throated hummingbirds appear to be heavily resource
driven, and future studies might center on the hum-
mingbird's susceptibility to decreased resource abun-
dance. This might aid the preservation of this species
by highlighting the extent to which flower resources
dictate fiery-throated hummingbird populations.
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INTRODUCTION

Leaf-cutter ants, Atta cephalotes, create small trails
through leaf litter in lowland tropical forests to trans-
port leaves from forage sites to the fungal gardens that
feed their larvae. The ants form the trails by remov-
ing litter and pushing it to the side or carrying it back
to their colony (Canny et al. 1996). Numbers of trav-
eling ants and the amount of clearing varies consider-
ably among trails. Nichols-Orions and Schultz (1990)
found that ants preferentially select leaves of low
toughness because they are easier to cut and transport
back to the colony. We hypothesized that opportuni-
ties for high quality forage attract a greater number of
ants, which results in more clearing, and conse-
quently, faster movement of high quality forage.

METHODS

We observed leaf-cutter ant activity on 31 January
1996 on the Sendero Rio Sirena at Parque Nacional
Corcovado. We selected two high and two low qual-
ity trails based on the amount of debris present and
measured trail width, an indicator of clearing, at five
points spaced 1 m apart. The total number of ants
moving in both directions ("flux") across a line in the
trail was recorded over a two-minute period. We col-
lected 20 leaves from each of the four trails and mea-
sured leaf toughness using a penetrometer. Leaf
toughness was ranked on an ordinal scale based on
natural groupings of penetrometer readings. On each
trail we marked 12 leaves carried by ants, measured
ant travel time over a 5 m segment of trail, and
recorded incidences of dropped leaves. Linear regres-
sions were used to compare leaf toughness to ant flux,
flux to trail width, and trail width to travel time.

EFFECTS OF FORAGE PREFERENCE ON TRAIL QUALITY AND
TRANSPORT EFFICIENCY IN ATTA CEPHALOTES
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Abstract. Variation in the clearing of trails created by Atta cephalotes may be a function of different ant
densities on trails leading to different quality forage. Ant density was highest on trails leading to high-
quality forage. These trails were better cleared and allowed ants to travel faster than on poorly-cleared
trails. This suggests that responses to forage of variable quality may be governed by the ant colony (num-
bers of ants retrieving forage) and not individual ants (behavioral shift).
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RESULTS

Ant flux was highest on trails leading to low tough-
ness forage (r = -0.94, P = 0.08; correlation between
leaf toughness and ant flux). Trails with more ants
were better cleared than trails with fewer ants (r =
0.92, P = 0.05; correlation between ant flux and trail
width). Travel time was significantly lower on trails
appearing well-cleared (mean + SE = 247 £ 18 vs. 550
+ 34 sec; t = 2.06, df =24, P < 0.001), and there was a
strong negative correlation between trail width and
travel time (r = -0.64, P < 0.001). Leaves were not
dropped by ants on either class of trails.

Di1SCUSSION

Ant colonies appear to respond to high quality for-
age by producing wide, well-cleared trails that allow
for efficient transport of the foliage. Trails leading to
high quality forage were wider and better cleared, and
travel time decreased with increased clearing. If indi-
vidual ants allocate a similar proportion of time to
clearing regardless of the quality of the trail (Canny et
al. 1996), then the mechanism behind increased clear-
ing of trails may be an increase in the number of ants
clearing trails and not a behavioral shift in individual
ants. It is not clear, however, whether different castes
are responsible for different activities given that ants
carrying leaves and ants clearing trails were morpho-
logically similar. Nonetheless, as a consequence of
clearing, the colony accumulates high-quality leaf tis-
sue more rapidly. Leaf retention did not vary with
trail quality; thus, the increase in rate of forage trans-
port may be the greatest benefit of trail clearing.

The results of this study suggest that poorly-cleared
trails lead to poor-quality forage and that these trails
may only exist if an ant colony does not have access



to higher-quality forage. There are two alternatives
that may explain the great variation in trail quality:
poorly-cleared trails may represent paths that are
slowly being abandoned as foraging routes by an ant
colony, or poorly cleared trails may represent scout-
ing paths that have yet to be fully developed. To sep-
arate the effects of trail age and forage preference on
trail quality, future studies should consider the change
in the degree of clearing and quality of forage trans-
ported over the entire "life" of an individual trail.
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