
The leaf-cutting ant Atta sexdens (L., 1758)
is common in primary forest throughout most of
South America, but it readily invades new areas
of agriculture or forestry, where it may become a
serious pest (Cherrett 1986). The range and eco-
nomical importance of A. sexdens have been
increasing, probably because of the decline of
native forests (Fowler 1983). Foraging of A. sex-
dens is predominantly nocturnal, although day-
time foraging may occur sparsely throughout the
day or during short periods of intense activity
(personal observation). During daytime foraging,
A. sexdens is exposed to harsh climatic condi-
tions such as high temperatures and low humidi-
ty (Pereira da Silva 1975, Fowler and Robinson
1979), as well as parasitism from several species
of phorid flies (Feener and Moss 1990).

Because of the high degree of polymor-
phism of Atta spp. (Wilson 1980a), it could be
expected that A. sexdens colonies undergo a
reduction in the average size of foragers from
nighttime to daytime to cope with higher risks
of desiccation (Wetterer 1990) and phorid para-
sitism (Orr 1992). This study was conducted to
determine the size characteristics of A. sexdens
foragers and whether there were significant dif-
ferences on mass and load capacity between
diurnal and nocturnal foragers. We also com-
pared A. sexdens and Atta cephalotes (L., 1758)
regarding the sizes of foragers and their loads.
Research on the ecology of Atta spp. has
focused mainly on A. cephalotes in natural
forests, with considerably less available infor-
mation on A. sexdens in disturbed habitats.
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Abstract: We determined the size characteristics of foragers of the leaf-cutting ant Atta sexdens in a mature
eucalyptus forest in Campos dos Goytacazes, Rio de Janeiro State, Brazil, at daytime (7: 30 to 10: 00 hr) and
nighttime (19: 00 to 23: 00 hr). There were no significant differences between daytime and nighttime ant mass
(Ma), but leaf fragment mass (Ml) and burden (B = [Ma + Ml]/Ma), which indicates relative load capacity, were
significantly greater at daytime. There was a positive linear relationship between Ma and Ml for the combined
daytime and nighttime data, and increases in Ma resulted in lower B. We compared A. sexdens characteristics
with published results for Atta cephalotes, a closely related species. A. sexdens is larger and therefore able to
carry heavier loads, but its burden is about 72% of the average value for A. cephalotes. We suggest that the lower
load capacity of A. sexdens in comparison to A. cephalotes is related to its relatively larger size.
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Because both species have the widest distribu-
tions of Atta spp. in South America (Fowler et
al. 1989), we considered these comparisons
worthwhile. 

MATERIALS AND METHODS

The study was conducted from August
1995 to February 1996 in a forest of eucalyptus
(Eucalyptus spp.) of approximately 1,300 ha
located 35 km from Campos dos Goytacazes
(21o48’S, 41o20’W), Rio de Janeiro State,
Brazil. The forest undergrowth was composed
mostly of grasses, which are rarely harvested
by A. sexdens. Foraging trails of adult A. sex-
dens colonies were selected according to the
ants’ foraging activity, which was determined
by the presence of fresh pieces of eucalyptus
leaves along trails and around tunnel entrances.
Because foraging activity varies among
colonies and among trails within colonies, the
location of observed trails varied during the
study period, but at least five trails from five
nests were used at each sampling date.

Leaf-cutting ants were sampled on three
pairs of daytime (from 7: 30 to 10: 00 hr) and
nighttime (from 19: 00 to 23: 00 hr) sampling
dates:  August 29 (n = 51) and 31 (n = 107),
September 6 (n = 88) and 5 (n = 80), and
February 7 (n = 47) and 6 (n = 107).
Additional, non-paired samples were obtained
at daytime on August 25 (n = 51), September
27 (n = 38), and February 16 (n = 125), and at
nighttime on September 19 (n = 114). Each
sample consisted of loaded ants collected ran-
domly at approximately equal numbers from
each foraging trail. The same trails were used
on each pair of dates. Ants and their loads were
placed individually in glass vials, which were
held in an ice chest to reduce loss of water of
the leaf fragments. In the laboratory, ants and
leaf fragments were weighed to the nearest 0.1
mg on a precision balance. The ants’ relative
load capacity was evaluated with burden (B):
B = (Ma + Ml)/ Ma, where Ma and Ml are ant
and leaf fragment masses, respectively
(Rissing 1982). 

To compare day and night results of Ma,
Ml and B, we used mixed-model ANOVA’s on
the paired data only. Periods (day and night)
were considered fixed effects and dates were
considered blocks of random effects. Thus, F
tests for period effects were calculated with the
interaction between period and date. When
interactions were not significant at a probabil-
ity level of at least 0.25, interaction and resid-
ual mean squares were pooled (Sokal and
Rohlf 1995). Analyses of Ma and Ml were done
after a log(x) transformation to correct hetero-
geneity of variances. In the results, means are
followed by ± 1 standard deviation.

Because division of labor is associated
with polymorphism of Atta spp., head size is a
good indicator of the workers’ foraging capa-
bility (Wilson 1980a, 1980b). Head size of 161
ants selected at random from our samples was
measured by the standard head width, which is
the greatest width of the head viewed face on
(Wilson 1980a). Measurements were taken to
the nearest 0.1 mm with a dissecting micro-
scope equipped with an ocular micrometer. The
values of head size were correlated with mass
for determination of an allometric relationship.

RESULTS

The ANOVA’s indicated that the effects of
dates were not statistically significant for Ma,
Ml or B, but there was a significant interaction
period x date for Ma (F2,474 = 6.71, P = 0.001).
As the interactions period x date for Ml (P =
0.44) and B (P = 0.93) were not significant,
residual and interaction mean squares for those
variables were pooled. Daytime Ma was not
significantly different from nighttime Ma, but
Ml and B were significantly higher during the
day (Table 1).

Similar to other leaf-cutting ant species
(Burd 1995 and references therein), there was
a positive linear relationship between mass of
A. sexdens foragers and their loads (Fig. 1).
The least-squares method was not adequate to
describe the association between B and Ma
because regression diagnostics demonstrated
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that the assumption of homogeneity of vari-
ances did not hold despite transformations.
However, histograms of Ma data divided in 10-
mg intervals clearly demonstrated that an
increase in Ma resulted in higher Ml and lower
B (Fig. 2). The frequency of the mass-class
distribution of all ants indicates that most for-
agers are in the 10-20 mg interval (Fig. 3). The
allometric relationship between head size (HS)
and Ma for A. sexdens can be expressed as HS
= 0.70 + 0.53 Ma

1/2 (r2 = 0.983, P < 0.001, n =
161). By converting mass values to head sizes,
we determined that less than 20% of foragers
have head widths between 2.2 and 2.6 mm,
which was proposed by Wilson (1980b) as the
most efficient size for A. sexdens foragers.

TABLE 1 

Comparison of forager and fragment mass (mg) and burden of daytime 
and nighttime A. sexdens foragers. Means are followed by ± 1 standard deviation.

Period Ma Ml B

Daytime 21.8 ± 15.1 40.8 ± 34.5 3.3 ± 1.7
Nighttime 21.4 ± 15.1 31.6 ± 22.2 2.7 ± 1.1
ANOVA F1,2=0.02, P=0.9 F2,476=4.60, P=0.03 F2,476=8.60, P=0.004

Ma = forager mass, Ml = fragment mass, B = burden = (Ma + Ml)/Ma.

Fig. 1. The association between A. sexdens forager mass
(Ma) and leaf fragment mass (Ml) for the combined day-
time and nighttime data in a log10 scale. The least-square
model is:  log Ml = 0.708 + 0.565 log Ma (r2 = 0.217, P <
0.001, n = 808).

Fig. 2. The association between ant mass divided in 10-mg
intervals and leaf mass (A) and burden (B). Number of obser-
vations are given for each interval; bars represent standard
errors. Values of ant mass greater than 60 mg (2.4% of the
data) were not considered because of their high variability.
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Both A. sexdens and A. cephalotes have
reduced transport efficiency with increasing
forager size (Fig. 2; Wetterer 1994). However,
while A. sexdens foragers carry loads about
50% heavier than A. cephalotes, the average
burden of A. sexdens is about 72% of the aver-
age value for A. cephalotes (Table 2).
Additionally, while more than 80% of A.
cephalotes foragers carry burdens larger than
1.5 times their body sizes (Rudolph and
Loudon 1986, Wetterer 1994), almost half of
all A. sexdens foragers (47.2%) had loads
smaller than 1.5 times their body sizes, which
corresponds to B = 2.5 (Fig. 2).

DISCUSSION

The traffic of A. sexdens foragers at day-
time was very light and generally stopped
abruptly when the temperature approached 30o

C, a characteristic already described by Fowler
and Robinson (1979). Despite their low num-
bers, daytime foragers were not significantly
smaller than nighttime foragers. An earlier
study in the same area (Tonhasca 1996) also
failed to detect any meaningful diel differences
for A. sexdens on trails, foragers or not. 

Wetterer (1990) and Orr (1992) have pro-
posed that the significant reduction on the
average daytime mass of A. cephalotes for-
agers could be a strategy to escape parasitism
from phorid flies, which prefer larger ants.
Although we expect a greater impact of
phorids on A. sexdens during daytime
(Bragança et al. 1998), the effect of these par-
asitoids in response to diel differences has to
be better evaluated, as we have observed
strong phorid activity at nighttime (unpub-
lished). The similarity between day and night
foragers size may be related to the two-stage
foraging system deployed by A. sexdens.
While arboreal workers cut the petioles and
drop the leaves, other workers cut leaf frag-
ments on the ground and transport them to the
nest (Fowler and Robinson 1979). Thus, effi-
cient foraging either at daytime or nighttime
require workers of a minimum size for cutting

TABLE 2

Comparison of forager and fragment mass (mg) and burden 
of A. cephalotes and A. sexdens. Means are followed by ± 1 standard deviation.

Species Ma Range Ml B n

A. cephalotes 7.3 ± 4.1 1.4 - 32.1 21.9a 4.0 ± 1.4 900
A. sexdens 21.5 ± 14.6 2.3 - 90.0 33.9 ± 26.4 2.9 ± 1.4 808

Ma = forager mass, Ml = fragment mass, B = burden = (Ma + Ml)/Ma.
a value estimated from Table 1 in Wetterer (1994).

Fig. 3. The relative mass-class distribution of all A. sex-
dens foragers.
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the hard tissue of petioles, and this should be
particularly important in homogeneous,
mature commercial forests. Nonetheless, if
foraging during the day is a riskier activity
than at night because of greater chances of des-
iccation or parasitism, it could be expected that
foragers optimize their daytime excursions by
carrying greater loads. In fact, leaf fragment
weight and burden of A. sexdens was heavier
for daytime foragers.

Despite the significant relationship between
ant and fragment masses, the linear model was a
poor predictor of this relationship, even with a
large number of observations and the log scale
used. Equivalent results were obtained for A.
cephalotes and Atta colombica (Guérin-
Méneville, 1844)(e.g., Wetterer 1990, Shutler
and Mullie 1991, Wetterer 1994, Burd 1995). It
is clear from field observations that foraging of
A. sexdens is subject to a great deal of “noise”
from the environment. Ants drop their loads
when they are disturbed by high wind speed,
other arthropods and by hovering phorid flies
(Bragança et al. 1998). Abandoned fragments
may be picked up by other ants, and in these
cases there is no apparent load size selection.
Fragments also are abandoned when they
become stuck in obstacles along trails, although
occasionally foragers remove pieces of these
fragments and resume their trips. As traffic along
trails is routinely impaired by litter, larger frag-
ments are more likely to be dropped because of
obstacles. It has been demonstrated that leaf-cut-
ting ants carry loads below their capacity, possi-
bly because of a trade off between load mass and
ant velocity (Rudolph and Loudon 1986, Lighton
et al. 1987) or an overall gain of efficiency at the
colony level (Burd 1996). Transport difficulties
may be another factor that contribute to the rela-
tively lower burden of larger workers of A. sex-
dens and A. cephalotes (Lighton et al. 1987) and
the lower burden of A. sexdens in relationship to
A. cephalotes. If that is the case, the lower forag-
ing capacity of A. sexdens in comparison with A.
cephalotes is associated with the larger size of
A. sexdens foragers. 
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RESUMEN

Nós determinamos as características de tamanho de
forrageiras da saúva Atta sexdens em uma floresta adulta
de eucalipto em Campos dos Goytacazes, estado do Rio de
Janeiro, Brasil, nos períodos diurno (7: 30 a 10: 00 hr) e
noturno (19: 00 to 23: 00 hr). Não houve diferença signi-
ficativa entre o dia e a noite para a massa das formigas
(Ma), mas a massa dos fragmentos de folhas (Ml) e o
esforço ([Ma + Ml]/Ma), o qual indica a capacidade relati-
va de carga, foram significativamente maiores durante o
dia. Houve uma correlação linear positiva entre Ma e Ml

para os dados diurnos e noturnos combinados, e o aumen-
to em Ma resultou em esforço menor. Nós comparamos as
características de A. sexdens com resultados publicados
para Atta cephalotes, uma espécie correlata. A. sexdens é
maior e portanto capaz de carregar cargas mais pesadas,
mas seu esforço é cerca de 72% do valor médio obtido
para A. cephalotes. Nós sugerimos que a menor capaci-
dade de carga de A. sexdens em relação a A. cephalotes é
devida ao seu tamanho relativamente maior.
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