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ABSTRACT

At regional scales, leafcutter ant nest distribution is regulated by environmental factors such 
as vegetation, predators, soil and climate. This study investigated the effect of micro-climate 
on Atta sexdens (L.) nest distribution. It was carried out on a farm located on the Colombian 
Amazon River shore, where an extension of secondary forest was felled. Prior to felling, we 
located 20 A. sexdens nests and monitored them over the course of one year. Ten of the nests 
became exposed to the sun as a result of tree felling, and ten nests, located in neighboring 
unlogged forest, remained unaffected. Within six weeks, five of the exposed nests had moved 
to the cover of nearby vegetation patches and the remaining five nests had died. The ten 
unexposed nests remained active at the same location. In comparison with relocated nests, 
exposed nests experienced significantly higher air and soil temp, and lower soil moisture. 
The results of this study suggest that changes in micro-climate may trigger nest relocation 
and therefore play an important role in local A. sexdens nest distribution. 
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RESUMEN

A nivel regional, la distribución de los nidos de la hormiga arriera es regulada por factores 
ambientales así como la vegetación, los depredadores, el suelo y el clima. Este estudio in-
vestigó el efecto del micro-clima sobre la distribución de los nidos de Atta sexdens (L.). El 
estudio se llevó a cabo en una finca en la orilla colombiana del Río Amazonas, donde se taló 
una extensión de bosque secundario. Anterior a la tala, ubicamos 20 nidos de A. sexdens 
y los monitoreamos sobre el transcurso de un año. Diez de ellos se expusieron al sol como 
resultado de la tala, y diez, ubicados en el bosque vecino no talado, quedaron sin afectar. 
En seis semanas, cinco de los nidos expuestos se habían reubicado hacia la cobertura del 
dosel de la vegetación cercana y los otros cinco se habían muerto. Los diez nidos no expues-
tos quedaron activos en el mismo sitio. En comparación con los nidos reubicados, los nidos 
expuestos experimentaron temperaturas significativamente más altas del aire y del suelo, y 
humedad más baja del suelo. Los resultados de este estudio sugieren que los cambios micro-
climáticos pueden inducir la reubicación del nido y por lo tanto juegan un papel importante 
en la distribución local de los nidos de A. sexdens. 

Palabras Clave: disturbio, humedad del suelo, reubicación del nido, tala de árboles, tempe-
ratura

Leafcutter ants (Atta and Acromyrmex spp.) 
are considered important ecosystem engineers in 
the Neotropics (Fowler et al. 1989). They are also 
of great relevance as key herbivores during suc-
cessional processes (Vasconcelos & Cherrett 1997; 
Vasconcelos 1997), and as pest species in planted 
forests (e.g., agroforestry, restoration programs) 
and agricultural lands (e.g., permanent agricul-
ture) (Della-Lucia 2003). Their cutting, carrying 
and digging activities can drastically affect forest 
structure and composition, seedling establish-
ment as well as soil and micro-climatic condi-
tions (Alvarado et al. 1981; Vasconcelos & Cher-
rett 1997; Garrettson et al. 1998; Hull-Sanders & 

Howard 2003; Moutinho et al. 2003; Wirth et al. 
2003; Farji-Brener 2005; Silva et al. 2007; Cor-
rêa et al. 2010). However, the underlying mecha-
nisms that determine leafcutter ant nest distribu-
tion and densities are poorly understood.

Multiple biotic and abiotic environmental factors 
control leafcutter ant demography top-down (i.e., 
natural enemy driven) or bottom-up (i.e., resource 
driven). Higher natural enemy pressure can reduce 
nest densities in forest fragments (Rao 2000). The 
greater availability of palatable forage (i.e., pioneer 
plant species in particular) in secondary, disturbed 
and fragmented forests favors Atta colony develop-
ment and leads to higher nest densities, whereas 
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lower nest densities are found in mature forests 
(Vasconcelos & Cherrett 1995; Farji-Brener 2001; 
Wirth et al. 2003; Urbas et al. 2007; Wirth et al. 
2007; Meyer et al. 2009). Colony founding success, 
and therefore nest distribution and density, also 
seem to be affected by soil conditions (Bento et al. 
1991; Perfecto & Vandermeer 1993; Diehl-Fleig & 
Rocha 1998; Araújo et al. 2003) and micro-climate 
(Vasconcelos et al. 2006; Bollazzi et al. 2008; Mint-
zer 2009; Vieira-Neto & Vasconcelos 2010). A suit-
able micro-climate is particularly crucial for the 
development of Leucoagaricus gongylophorus (Ho-
mobasidiomycetes: Agaricomycetidae), the fungus 
cultivated by leafcutter ants for nutrition (Quinlan 
& Cherrett 1978; Powell & Stradling 1986; Roces & 
Kleineidam 2000; Bollazzi & Roces 2002).

Leafcutter ants trade off temp to maintain high 
humidity levels, probably to prevent dehydration 
of fungus and brood (Bollazzi & Roces 2010a, b). 
Therefore, air temp may be the most critical micro-
climatic variable for nest development. RH in nest 
chambers of this ant species in the field is consis-
tently over 90% (Stahel & Geijskes 1940). Air temp 
is also crucial for leafcutter ant nest functioning 
(Bollazzi & Roces 2002; Bollazzi et al. 2008) and 
seems to govern geographic distribution patterns 
and nest design on the American continent (Scho-
ereder 1998; Bollazzi et al. 2008). Within nest 
chambers, air temp is regulated by ventilation 
(Kleineidam & Roces 2000; Kleineidam et al. 2001; 
Bollazzi & Roces 2010b). For example, A. sexdens 
maintains nest temps at 25 ± 0.4 °C (Eidmann 
1936), which is the optimum temp for fungus and 
brood (Quinlan & Cherrett 1978; Powell & Stra-
dling 1986; Roces & Kleineidam 2000). 

Atta sexdens (L.) is found in a wide range of 
Neotropical habitat types (Fowler et al. 1989). In a 
mosaic of habitat types in the Colombian Amazon, 
active nests were located in habitat types with rela-
tively high percentages of canopy cover, but active 
nests were absent from those with minimal levels 
of canopy cover (van Gils et al. 2010; van Gils et 
al. 2011). Moreover, canopy cover at each active A. 
sexdens nest was significantly higher than mea-
sured at approximately 15 m from the nest (van 
Gils 2012). This could suggest the need for specific 
(i.e., relatively cooler and moister) (Fetcher 1985) 
micro-climatic circumstances. To date, no field stud-
ies have measured micro-climatic variables and re-
lated these to local leafcutter ant nest distribution. 
The objective of this study was to evaluate how 
micro-climatic changes (soil and air temp and soil 
moisture) because of canopy cover removal affect A. 
sexdens nest distribution. 

MATERIALS AND METHODS

Study Area and Atta sexdens Nests

This study was carried out on the private farm 
“Versalles” on the Colombian shore of the Amazon 

River (S 3° 49’ 51.2’ W 70° 14’ 26.9’). Before the 
experiment, the farm had been covered with 15-
yr old secondary tropical forest. Dominant plant 
genera in these forests were Warszewiczia (Gen-
tianales: Rubiaceae), Chomelia (Gentianales: 
Rubiaceae), Euterpe (Aricales: Arecaceae), As-
trocaryum (Aricales: Arecaceae), Iriartea (Ari-
cales: Arecaceae), Ryania (Malpighiales: Salica-
ceae) and Perebea (Rosales: Moraceae) species 
(van Gils 2011). In the study region, mean an-
nual rainfall is 3,200 mm. There is a dry sea-
son between Jun and Sep, and a wet season be-
tween Oct and May. Mean RH is approximately 
86% and air temp oscillates around 26 °C all 
year round (Riaño 2003). 

In Nov 2007, a plot of approximately 30 ha of 
forest was felled. Immediately prior to felling, 
20 A. sexdens nests in this field were selected, 
which had been active at the same site for at 
least 5 yr according to local residents. Ten nests 
were located in the forest to be felled and were 
exposed to the sun after felling. The distance 
between any of the exposed nests and the intact 
adjacent secondary forest was at least 100 m. 
Ten other nests were located within this intact 
forest and at least 30 m from any forest distur-
bance. In the felled area, several randomly lo-
cated patches of secondary forest (maximum 15 
m2) were intentionally left untouched, because 
they consisted of useful tree and palm species 
for the farm owner. Nests were monitored twice 
a week (Mon and Thu) for 1 yr to observe re-
sponses to canopy cover elimination. 

Canopy Cover

Felling took place in Nov 2007. One mo be-
fore (Oct 2007) and 3 mo after (Feb 2008) the 
forest had been felled, we measured canopy 
cover at the 20 nests and at 4 equally spaced 
locations at 15 m distance from any outermost 
nest mound using a Robert E. Lemmon den-
siometer (Englund et al. 2000). The edges of 
these mounds were clearly identifiable by the 
characteristic fresh clumps (Ø 2-3 mm) of damp 
soil (consisting of ± 38% clay and ± 40% silt; 
van Gils et al. 2010) recently deposited by the 
ants. At the nest and at each of the 5 measur-
ing locations per nest, a reading was taken to 
the north, south, east, and west. The mean of 
these 4 readings was calculated and multiplied 
by 1.04 to establish percent canopy cover per 
nest and each of the 4 distant locations. During 
the experiment, casual observations were made 
to see whether the ants cut leaves from vegeta-
tion surrounding the nests.

Soil and Air Temperature 

Approximately 3 mo after tree felling, and 
over the course of 3 sunny d between 0630 and 
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1730 h, the following hourly measurements 
were taken at each of the 10 nests within the 
logged area: (i) soil temp at 25 cm depth at 2 
locations on the most central nest mound; (ii) 
soil temp at 25 cm depth at 2 equally spaced loca-
tions, 1 m from any outermost nest mound, and (iii) 
air temp immediately above the most central nest 
mound. The 2 soil temp measurements of the nest 
mound and at 1 m distance were taken with analog 
Weksler 2” Dial Size Bi-Metal thermometers and 
averaged to establish hourly soil temp per nest 
per day. Air temp was measured with an analog 
maximum-minimum mercury thermometer.

Soil Moisture

Also approximately 3 mo after tree felling, per-
cent soil moisture near the 10 nests within the 
logged area was measured as follows. At each 
nest soil cores of 100 cm3 were taken at 20-25 cm 
depth at 4 equally spaced locations, 1 m from any 
outermost nest mound. The cores were sealed 
in a plastic bag and weighed on the same d, and 
re-weighed after 14 d of air drying to determine 
gravimetric soil moisture percent (gr water / gr 
dry soil  100). The 4 soil moisture percentages 
per nest were averaged to establish soil moisture 
percent per nest.

Statistical Analysis

We carried out all statistical analyses with 
the spss software package version 15.0.1 (Spss 
Inc. 2006). A two-way repeated measures anova 
was carried out to compare percent canopy cover 
(after ex+1 transformation) before and after tree 
felling (fixed factors: nest reference - unexposed, 
exposed and relocated - and measurement loca-
tion - nest, north, east, south and west -; repeated 
measure: canopy cover - before and after tree fell-
ing -). To compare canopy cover on nests after tree 
felling, we used a Kruskal-Wallis test. Separate 
two-way repeated measures anova were applied 
to compare nest mound soil temp, soil temp at 1 
m from the outermost nest mound and air temp 
(after ex transformation) between nests (fixed fac-
tors: measurement day -1, 2, 3- and hour -1 to 12-; 
repeated measure: temp at the 2 nest references 
-exposed and relocated-). Before each repeated 
measures anova, the Mauchly’s test of sphericity 
was carried automatically out to confirm if the 
variances of the differences between all combina-
tions of the groups were equal. If this test results 
in P < 0.05, the F-ratios produced must be inter-
preted with caution as it can result in an increase 
in the Type I error rate of the repeated measures 
anova. In this case, a Greenhouse-Geisser correc-
tion was applied to alter the degrees of freedom 
and produce an F-ratio where the Type I error rate 
is reduced. A Mann-Whitney U test was used to 
compare soil moisture differences between nests.

RESULTS

Atta sexdens Nests

Nests located in the intact secondary forest 
adjacent to the felled area remained apparent-
ly unaltered during the monitoring year (these 
are hereafter designated: “unexposed nests”). 
In the 2 wk after tree felling, worker ants 
from the 10 nests within the felled area depos-
ited relatively large quantities of little clumps 
of damp soil over the nest mounds. After the 
fourth visit, soil had deposition decreased dras-
tically. Ants had only deposited tiny quantities 
of soil around only 3 to 4 entrances per nest. 
Meanwhile, the previously deposited clumps 
had already started to merge into each other 
to form a firm layer of soil. At the seventh visit, 
soil deposition had ceased completely (i.e., no 
new clumps appeared) at 3 nests and at the 
eighth visit, it had also stopped at the other 
seven. Five of these nests (designated “exposed 
nests”) located further than 50 m from remnant 
patches of secondary forest did not show any 
further activity during the monitoring yr and 
we assumed that these colonies had died. The 
February 2008 temp and soil moisture mea-
surements for these 5 nests were taken at the 
exposed nest locations.

During this study, we concluded that the 5 oth-
er nests (designated “relocated nests) had relocat-
ed to the remnant patches of secondary forest at 
5, 16, 18, 22 and 45 m from the nests because at 
each of these patches A. sexdens colonies started 
to make new mounds of fresh soil exactly between 
4 and 6 wk after tree felling and between 0 and 2 
wk after the nests in the felled area had become 
inactive. There had been no recent mating flight 
and there are no literature records of ways to es-
tablish a new nest other than by a queen after 
the her mating flight or by relocation. Also, and 
the growth rate of these 5 new nest mounds was 
much faster than that of a newly established nest. 
By Feb 2008 the new nest mounds were visually 
estimated to be comparable in size with those of 
the original nests prior to exposure by tree felling. 
The Feb 2008 temp and soil moisture measure-
ments for these 5 nests were taken at the new 
nest locations.

The remnant vegetation patches to which 
nests relocated were principally comprised of 
Oenocarpus bacaba Mart. (Arecaceae), Matisia 
cordata Bonpl. (Bombacaceae), Cedrela odorata 
L. (Meliaceae) and some low herbs. According to 
local residents, the leaves of none of these spe-
cies are utilized by A. sexdens for fungus cultiva-
tion. Indeed, during our monitoring year we never 
observed leaf damage or leafcutter ants carrying 
leaves or fruits from any of them, whereas ants 
from unexposed nests cut leaves from various 
(unidentified) plant species in their surroundings. 
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Canopy Cover

After tree felling, little canopy cover remained 
at the exposed nests and their surroundings (Fig. 
1a). Canopy cover at relocated nests was lower at 
their new location than at their original location 
before tree felling, but much higher than at the lo-
cations 15 m away (Fig. 1b). Even though no veg-
etation was removed at nests located in the adja-
cent intact secondary forest, mean percent canopy 
cover at and near these nests was also reduced 
(Fig. 1c). The two-way repeated measures anova 
confirmed that overall canopy cover had been re-
duced significantly after tree felling (Mauchly´s 
test of sphericity P < 0.05; Greenhouse-Geisser 
corrected F1,4 = 294.89; P < 0.01). The Kruskal-
Wallis test showed that canopy cover over the 
nests after tree felling was significantly differ-
ent between the 3 nest references (H (2, n = 20) = 
12.96; P < 0.01). 

Soil and Air Temperature

Mean temp of exposed nests mounds was con-
sistently higher than for relocated nest mounds 
(Fig. 2a). Maximum exposed mound temp reached 
28.0 °C at 1730 h, whereas relocated mound temp 
only reached 24.8 °C at 1430 h. Mean soil temp at 
1 m from exposed nests followed a similar pattern 
(Fig. 2b). Mean air temp near the soil surface at 
exposed nests was mostly much higher than at 

relocated nest (Fig. 2c) and even reached a maxi-
mum of 38.6 °C at 1230 h, which was 10 °C warmer 
than at relocated nests. The separate two-way re-
peated measures anova per temp confirmed that 
after tree felling temp were significantly higher 
at exposed nests than at the relocated ones (for 
nest mound soil temp: Mauchly’s test of sphericity 
P > 0.05; assumed sphericity F1,2 = 52.56; P < 0.05, 
for soil temp at 1 m distance from the outermost 
nest mound: Mauchly’s test of sphericity P > 0.05; 
assumed sphericity F1,2 = 20.08; P < 0.05 and for 
air temp: Mauchly’s test of sphericity P > 0.05; 
assumed sphericity F1,2 = 13.17; P < 0.05). 

Soil Moisture

The Mann-Whitney U test showed that gravi-
metric soil moisture at 25 cm depth near exposed 
nests (32.6 ± 1.41%) (n = 5) was significantly low-
er than near relocated nests (45.3 ± 1.76%) (n = 5) 
(Z = -2.611; P < 0.05).

DISCUSSION

The results of this study strongly suggest that 
micro-climatic changes caused by canopy cover 
removal play an important role in the bottom-up 
determination of local A. sexdens nest distribu-
tion. The combination of higher soil and air temp 
as well as lower soil moisture, as a result of tree 
felling, seemed to result in exposed colonies seek-

Fig. 1. Percent canopy cover (mean + SE) of Atta sexdens nests at and near (15 m north, east, south and west); 
(a) exposed nests, (b) relocated nests, and (c) unexposed nests. Measurements made before and after tree felling, 
Oct 2007 and Feb 2008, respectively.
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ing to relocate to sites with greater canopy cover. 
When these were not available nearby, colony 
death occurred. On the other hand, nests which 
maintained their canopy cover, and presumably 
experienced lower soil and air temp and higher 
soil moisture percentages in comparison with 
exposed nests or even relocated nests, remained 
unaffected.

Canopy cover reduction may imply a lack of 
suitable forage for leafcutter ant colonies, and 
thus resulting in colony death. However, forage 
deficiency was not likely to have caused exposed 
nest relocation or death in this study. Atta worker 
ants travel distances of over 200 m to reach suit-
able forage (Eidmann 1932; Cherrett 1968; Höll-
dobler & Wilson 1996). Nests within the felled 
area were located little more than 100 m from the 
intact adjacent secondary forest. The character-
istic underground tunnels constructed by A. sex-
dens (Eidmann 1932) assure that leaf harvesting 
can continue even when above ground temp are 
too high for foraging (Viana et al. 2004). Addi-

tionally, the remnant vegetation patches to which 
nests relocated did not contain suitable forage ei-
ther. Relocation away from the exposed locations, 
therefore, did not favor food resource availability 
to these nests. Even though an unfavorable micro-
climate is thought to have been the cause of nest 
relocation in this study, exposed nests may also 
have suffered an increased exposure to predators 
or parasites. This factor should not be discarded 
as another possible cause for nest relocation.

Canopy cover removal led to significantly 
higher soil and air temp at exposed A. sexdens 
nests than at relocated nests. The warmer air on 
the exposed soil surface enters the nest through 
ventilation (Kleineidam & Roces 2000; Kleinei-
dam et al. 2001). While this air will cool as it is 
conducted through the nest tunnels (Kleineidam 
& Roces 2000), we expect that it may still result 
in a substantially higher air temp in the brood 
and fungal chambers. When provided an experi-
mental temp gradient of 10-37 °C, the leafcutter 
ant, Acromyrmex heyeri Forel, moved fungus and 
brood to locations where the temp was between 
20 and 25 °C (Bollazzi & Roces 2002). Leafcut-
ter ant colonies in the field also locate fungus and 
brood tin nest chambers with temp in this range 
(Lapointe et al. 1998; Moser 2006). When these 
are not available, the ants are triggered to start 
digging (Bollazzi et al. 2008). L. gongylophorus 
cannot survive in air temp that exceed 30 °C and 
growth rates are significantly reduced when temp 
fall to 10 °C (Quinlan & Cherrett 1978; Powell & 
Stradling 1986).

The measured higher soil temp may prevent 
incoming air from losing warmth immediately up-
on entering the nest tunnels and thus maintain 
its higher temp for a larger distance. In addition, 
higher soil and air temp may elevate CO2 produc-
tion by leafcutter ants, and possibly by the fungus 
(Hebling-Beraldo & Mendes 1982; Hebling et al. 
1992; Kleineidam & Roces 2000). This may result 
in a need for increased ventilation activity and 
therefore even more warm air could enter the 
nest. Thus, a vicious cycle could be created which 
progressively warms the nest, to the detriment of 
the fungus culture and brood.

The observed low soil moisture levels near 
exposed nests and the expected relatively lower 
moisture levels of incoming warmer air may both 
reduce RH within the nest chambers, and repre-
sent another threat to the fungus culture and the 
brood (Stahel & Geijskes 1940; Roces & Kleinei-
dam 2000; Bollazzi & Roces 2007). In response 
to 4 RH temp options between 33 and 98%, Atta 
sexdens locate fungus cultures and brood to the 
most humid sites (Roces & Kleineidam 2000). A 
climate change in the Sonoran desert resulting in 
dryer soil is also thought to have caused the death 
of many A texana nests and to have limited the 
establishment of new nests over a course of 20 yr 
(Mintzer 2009). Increased mortality of incipient 

Fig. 2. Mean hourly temperatures (°C + SE) affecting 
Atta sexdens nests. Dotted line: exposed nests and solid 
line: relocated nests. Trees were felled and the canopy 
was removed in Nov 2007 and 3 mo later in Feb 2008 
temperatures were measured: (a) soil temperature at 
the nest mound at 25 cm depth, (b) soil temperature at 
1 m from the nest mound and at 25 cm depth and (c) air 
temperature near the soil surface.
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A. laevigata nests during a period of low rainfall 
may indicate the susceptibility of these nests to 
low RH in comparison with older nests (Hernán-
dez et al. 1999).

Mean canopy cover on successfully relocated 
nests was 68%. Although this was lower than at 
their original location prior to tree felling, it was 
still much higher than at 15 m of the new loca-
tion, where average canopy cover was only 11%. It 
is possible that a minimum level of canopy cover 
is required at the immediate A. sexdens nest lo-
cation to guarantee an adequate micro-climate, 
whereas lower or even minimal canopy cover over 
surrounding areas may not be detrimental to 
colony survival. Nonetheless, only an experiment 
offering a continuum of different canopy covers to 
many nests would confirm such a requirement.

Nest abandonment and relocation after severe 
nest disturbance has been documented before 
(Autuori 1941; Wilson 1971 in Rockwood 1973; 
Haines pers. com. in Rockwood 1973; Fowler 
1981; H. Herz pers. com. in Farji-Brener & Illes 
2000). However, it was always assumed this phe-
nomenon is uncommon for Atta and likely to kill 
the nest (Rockwood 1973). Only Atta colombica 
was documented to undertake relatively frequent 
colony relocations and to do so over distances up 
to 258 m (Wirth et al. 2003). The cause of this 
relocation remained unknown (micro-climate was 
explicitly discarded as a possible cause). In our 
study, any nest located at 45 m or less from can-
opy cover seemed able to relocate, whereas those 
located at more than 50 meters did not seem to 
be able to survive at their original location or 
to successfully relocate to a more favorable one. 
Perhaps, relocation ability also depends on fac-
tors not identified in this study, such as soil con-
sistency, colony or worker ant size. The results of 
this study suggest that in forest environments ex-
periencing frequent anthropic changes in canopy 
cover, A. sexdens colony relocation and death due 
to local micro-climatic conditions may be quite 
common.

In sub-tropical open forests in eastern Austra-
lia, tree felling resulted in the decline of the shade 
tolerant green-headed metallic pony ant, Rhyti-
doponera metallica (Smith), which was replaced 
by sun-loving Iridomyrmex rufoniger (Lowne 
1865 (Vanderwoude et al. 2000). In this case, one 
species is replaced by another. In our study and 
Vasconcelos’ (1990), tree felling resulted in a local 
reduction of the range of A. sexdens, a key herbi-
vore and ecosystem engineer (Farji-Brener & Illes 
2000; Wirth et al. 2003, 2007; Corrêa et al. 2010). 
At Atta nest sites, soil is disturbed (Alvarado et 
al. 1981; Perfecto & Vandermeer 1993) and soil 
penetrability improved (Moutinho et al. 2003). 
The year-long organic waste disposal enriches 
the soil with nutrients (Haines 1978; Moutinho 
et al. 2003; Sternberg et al. 2007). Changed soil 
properties, in addition to selective harvesting, 

the accumulation of seeds and the modification of 
micro-climatic conditions, alter vegetation struc-
ture and composition at nest sites (Garrettson et 
al. 1998; Hull-Sanders & Howard 2003; Silva et 
al. 2007; Corrêa et al. 2010). The disappearance 
of leafcutter ant nests from any area may signifi-
cantly decrease its soil and vegetation heteroge-
neity. Therefore, we argue that the bottom-up 
impact of micro-climate on A. sexdens nest distri-
bution, and subsequently on ecosystem engineer-
ing, should not be underestimated.

Contrary to many other Atta species, intrin-
sic factors allow A. sexdens to adapt to a broader 
range of environmental conditions and colonize 
a larger variety of non-forested habitat types in 
which it may even replace other leafcutter ant 
species (Fowler 1995; Vasconcelos & Cherrett 
1995; Fowler et al. 1996). A. sexdens is even fa-
vored by human-induced disturbance, which 
usually involves reduced canopy cover (Vasconce-
los 1990; Corrêa et al. 2005; Wirth et al. 2007). 
However, it seems that this species is unable to 
survive in completely deforested habitat types 
despite forage availability. In this scenario, other 
Atta or Acromyrmex species may benefit from this 
absence and augment their own distribution. 

The effect of micro-climate on leafcutter nt 
nest distribution may differ with ant species, 
nest size, soil type, habitat type or other factors. 
Further studies may also elucidate the effect of 
micro-climate on nest foundation and early de-
velopment; a subject that has only been touched 
upon recently (Bollazzi & Roces 2007; Bollazzi et 
al. 2008; Mintzer 2009; Vieira-Neto & Vasconce-
los 2010).

ACKNOWLEDGMENTS

We would like to thank the Barbosa family for allow-
ing us access to their property. Dr. Andreas Gaigl and 3 
anonymous referees provided thoughtful and construc-
tive remarks on earlier versions of the manuscript. This 
research was financially supported with grants from the 
Vice Dean of Research and the Faculty of Agronomy of 
the National University of Colombia, Bogotá. Logistic 
support was provided by the Amazon Institute of Scien-
tific Research—SINCHI in Leticia, Amazonas, Colom-
bia. 

REFERENCES CITED

ALVARADO, A., BERISH, C. W., AND PERALTA, F. 1981. Leaf-
cutter ant (Atta cephalotes) influence on the mor-
phology of Andepts in Costa Rica. Soil Sci. Soc. Am. 
J. 45: 790-794.

ARAÚJO, M. S., DELLA-LUCIA, T. M. C., RIBEIRO, G. A., AND 
KASUYA, M. C. M. 2003. Impacto da queima controla-
da da cana-de-açúcar na nidificação e estabelecimen-
to de colônias de Atta bisphaerica Forel (Hymenop-
tera: Formicidae). Neotrop. Entomol. 32(4): 685-691.

AUTUORI, M. 1941. Contribuição para o conhecimento da 
saúva. I. Evolução do sauveiro. (Atta sexdens rubro-
pilosa Forel 1908). Arq. Inst. Biol. 12: 197-228.

1-17703 p0914-921 Gils FESdj.indd   919 10/31/12   2:57 PM



920 Florida Entomologist 95(4) December 2012

P
r
o

o
f

BENTO, J. M. S., DELLA-LUCIA, T. M. C., MUCHOVEJ, R. M. 
C., AND VILELA, E. F. 1991. Influência da composição 
química e da população microbiana de diferentes 
horizontes do solo no estabelecimento de sauveiros 
iniciais de Atta laevigata (Hymenoptera: Formi-
cidae) em laboratório. An. Soc. Entomol. Brasil 20: 
307-317.

BOLLAZZI, M., KRONENBITTER, J., AND ROCES, F. 2008. Soil 
temperature, digging behaviour, and the adaptive 
value of nest depth in South American species of 
Acromyrmex leaf-cutting ants. Oecologia 158: 165-
175.

BOLLAZZI, M., AND ROCES, F. 2002. Thermal preference for 
fungus culturing and brood location by workers of 
the thatching grass-cutting ant Acromyrmex heyeri. 
Insectes Soc. 49: 153-157.

BOLLAZZI, M., AND ROCES, F. 2007. To build or not to build: 
circulating dry air organizes collective building for 
climate control in the leaf-cutting ant Acromyrmex 
ambiguous. Anim. Behav. 74: 1349-1355.

BOLLAZZI, M., AND ROCES, F. 2010a. Leaf-cutting ant 
workers (Acromyrmex heyeri) trade off nest thermo-
regulation for humidity control. J. Ethol. 28: 399-
403.

BOLLAZZI, M., AND ROCES, F. 2010b. Control of nest water 
losses through building behavior in leaf-cutting ants 
(Acromyrmex heyeri). Insectes Soc. 57: 267-273.

CHERRETT, J. M. 1968. Some aspects of the distribution 
of pest species of the leaf-cutting ants in the Carib-
bean. Proc. American. Soc. Hort. Sci. Trop. Reg. 12: 
295-310.

CORRÊA, M. M., BIEBER, A. G. D., WIRTH, R., AND LEAL, 
I. R. 2005. Occurrence of Atta cephalotes (L.) (Hy-
menoptera: Formicidae) in Alagoas, Northeastern 
Brazil. Neotrop. Entomol. 34: 695-698.

CORRÊA, M. M., SILVA, P. S. D., WIRTH, R., TABARELLI, M., 
AND LEAL, I. R. 2010. How leaf-cutting ants impact 
forests: drastic nest effects on light environment and 
plant assemblages. Oecologia 162: 103-115.

DELLA-LUCIA, T. M. C. 2003. Hormigas de importancia 
económica en la región Neotropical, pp. 337-349. In 
F. Fernández [ed.], Introducción a las hormigas de la 
región Neotropical. Inst. Investigación de Recursos 
Biológicos Alexander Von Humbold, Bogota, Colom-
bia. 242 pp.

DIEHL-FLEIG, E., AND ROCHA, E. S. 1998. Escolha do solo 
por fêmeas de Acromyrmex striatus (Roger) (Hyme-
noptera: Formicidae) para construção do ninho. An. 
Soc. Entomol. Brasil 27: 41-45.

EIDMANN, H. 1932. Beiträge zur kenntnis der biologie, 
insbesondere des nestbaues der blattschneidera-
meise Atta sexdens L. Z. Morphol. Oekol. Tiere 25: 
154-183.

EIDMANN, H. 1936. Das Atta-Problem. Naturwissen-
schaften 17: 257-266.

ENGLUND, S. R., O´BRIEN, J. J., AND CLARK, D. B. 2000. 
Evaluation of digital and film hemispherical pho-
tography and spherical densiometry for measuring 
forest light environments. Canadian J. For. Res. 30: 
1999-2005 

FARJI-BRENER, A. G. 2001. Why are leaf-cutting ants 
more common in early secondary forests than in old-
growth tropical forests? An evaluation of the palat-
able forage hypothesis. Oikos 92: 169-177.

FARJI-BRENER, A. G. 2005. The effect of abandoned leaf-
cutting ant nests on plant assemblage composition 
in a tropical rainforest of Costa Rica. Écoscience 12: 
554–560

FARJI-BRENER, A. G., AND ILLES, A. E. 2000. Do leaf-cut-
ting ants make “bottom-up” gaps in neotropical for-
ests?: a critical review of the evidence. Ecol. Lett. 3: 
219-227.

FETCHER, N., OBERBAUER, S. F., AND STRAIN, B. R. 1985. 
Vegetation effects on micro-climate in lowland tropi-
cal forest in Costa Rica. Intl. J. Biometeorol. 29(2): 
145-155.

FOWLER, H. G. 1981. On the emigration of leaf-cutting 
ant colonies. Biotropica 13(4): 316.

FOWLER, H. G. 1995. The population status of the en-
dangered Brazilian endemic leaf-cutting ant Atta 
robusta (Hymenoptera: Formicidae). Biol. Conserv. 
74: 147-150.

FOWLER, H. G., PAGANI, M. I., SILVA, O. A., FORTI, L. C., 
SILVA, V. P., AND VASCONCELOS, H. L. 1989. A pest is 
a pest is a pest? The dilemma of Neotropical leaf-
cutting ants: Keystone taxa of natural ecosystems. 
Environ. Manag. 13: 671-675.

FOWLER, H. G., DELABIE, J. H. C., AND SCHLINDWEIN, M. N. 
1996. The endemic Brazilian leaf-cutting ants, Atta 
silvai and Atta robusta (Hymenoptera: Formicidae): 
Population status. Rev. Brasileira Entomol. 40: 111-
112.

GARRETTSON, M., STETZEL, J. F., HALPERN, B. S., ERAN, D. 
J., LUCEY, B. T., AND MCKONE, M. J. 1998. Diversity 
and abundance of understorey plants on active and 
abandoned nests of leaf-cutting ants (Atta cepha-
lotes) in a Costa Rican rain forest. J. Trop. Ecol. 14: 
17-26.

HAINES, B. L. 1978. Element and energy flows through 
colonies of the leaf-cutting ant, Atta colombica, in 
Panama. Biotropica 10(4): 270-277.

HEBLING, M. J. A., PENTEADO, C. H. S., AND MENDES, E. 
G. 1992. Respiratory regulation in workers of the 
leaf cutting ant Atta sexdens rubropilosa Forel 1908. 
Comp. Biochem. Physiol. 101A(2): 319-322.

HEBLING-BERALDO, M. J. A., AND MENDES, E. G. 1982. The 
influence of temperature on oxygen consumption 
rates of workers of two leaf cutting ants, Atta laevi-
gata (F. Smith, 1858) and Atta sexdens rubropilosa 
(Forel 1908). Comp. Biochem. Physiol. 71A: 419-424.

HERNÁNDEZ, J. V., RAMOS, C., BORJAS, M., AND JAFFE, K. 
1999. Growth of Atta laevigata (Hymenoptera: For-
micidae) nests in pine plantations. Florida Entomol. 
82(1): 97-103.

HÖLLDOBLER, B., AND WILSON, E. O. 1996. Viaje a las Hor-
migas. Una historia de exploración científica. CRÍTI-
CA (Grijalbo Mondadori S.A.). Barcelona. 270 pp.

HULL-SANDERS, H. M., AND HOWARD, J. J. 2003. Impact 
of Atta colombica colonies on understory vegetation 
and light availability in a Neotropical forest. Biotro-
pica 35(3): 441-445.

KLEINEIDAM, C., AND ROCES, F. 2000. Carbon dioxide 
concentrations and nest ventilation in nests of the 
leaf-cutting ant Atta vollenweideri. Insectes Soc. 47: 
241-248.

KLEINEIDAM, C., ERNST, R., AND ROCES, F. 2001. Wind-
induced ventilation of the giant nests of the leaf-
cutting ant Atta vollenweideri. Naturwissenschaften 
88: 301-305.

LAPOINTE, S. L., SERRANO, M. S., AND JONES, P. G. 1998. 
Microgeographic and vertical distribution of Acro-
myrmex landolti (Hymenoptera: Formicidae) nests 
in a Neotropical savana. Environ. Entomol. 27(3): 
636-641.

MEYER, S. T., LEAL, I. R., AND WIRTH, R. 2009. Persisting 
hyper-abundance of keystone herbivores (Atta spp.) 

1-17703 p0914-921 Gils FESdj.indd   920 10/31/12   2:57 PM



  Gils & Vanderwoude: Atta Nest Distribution, Canopy Removal and Micro-Climate 921

P
r
o

o
f

at the edge of an old Brazilian Atlantic forest frag-
ment. Biotropica 41(6): 711-716.

MINTZER, A. C. 2009. Changes over 20 years in popula-
tion of the Mexican leafcutting ant, Atta mexicana, 
at Organ Pipe Cactus National Monument, Arizona, 
www.nps.gov/orpi/naturescience/upload/Atta_mexi-
canaWNPA_Mintzer_Final.pdf 

MOSER, J. C. 2006. Complete excavation and mapping 
of a Texas leafcutting ant nest. Ann. Entomol. Soc. 
America 99(5): 891-897.

MOUTINHO, P. R., NEPSTAD, D. C., AND DAVIDSON, E. A. 
2003. Influence of leaf-cutting ant nests on second-
ary forest growth and soil properties in Amazonia. 
Ecology 84(5): 1265-1276.

PERFECTO, I., AND VANDERMEER, J. 1993. Distribution and 
turnover rate of a population of Atta cephalotes in a 
tropical rain forest in Costa Rica. Biotropica 25(3): 
316-321.

POWELL, R. J., AND STRADLING, D. J. 1986. Factors influenc-
ing the growth of Attamyces bromatificus, a symbiont 
of attine ants. Trans. British Mycol. Soc. 87: 205-213.

QUINLAN, R. J., AND CHERRETT, J. M. 1978. Aspects of the 
symbiosis of the leaf-cutting ant Acromyrmex octo-
spinosus (Reich) and its food fungus. Ecol. Entomol. 
3: 221–230.

RAO, M. 2000. Variation in leaf-cutter ant (Atta sp.) den-
sities in forest isolates: the potential role of preda-
tion. J. Trop. Ecol. 16: 209-225.

RIAÑO, E. 2003. Organizando su espacio, construyendo 
su territorio. Transformaciones de los asentamientos 
Ticuna en la ribera del Amazonas colombiano. Univ. 
Nacional de Colombia - Sede Leticia. Unibiblos, Bo-
gotá D.C., Colombia. 236 pp.

ROCES, F., AND KLEINEIDAM, C. 2000. Humidity preference 
for fungus culturing by workers of the leaf-cutting 
ant Atta sexdens rubrospilosa. Insectes Soc. 47: 348-
350.

ROCKWOOD, L. L. 1973. Distribution, density, and disper-
sion of two species of Atta (Hymenoptera: Formici-
dae) in Guanacaste province, Costa Rica. J. Anim. 
Ecol. 42: 803-817.

SCHOEREDER, J. H. 1998. Nest density of leaf-cutting 
ants in natural ecosystems. Rev. Brasileira Entomol. 
41(2-3): 233-234.

SILVA, P. D., LEAL, I. R., WIRTH, R., AND TABARELLI, M. 
2007. Harvesting of Protium heptaphyllum (Aubl.) 
March. seeds (Burseraceae) by the leaf-cutting ant 
Atta sexdens L. promotes seed aggregation and seed-
ling mortality. Rev. Brasileira Bot. 30: 553-560.

SPSS INC. 2006. SPSS version 15.0.1. Chicago, IL, U.S.A.
STAHEL, G., AND GEIJSKES, D. C. 1940. Observations 

about temperature and moisture in Atta-nests. Rev. 
Entomol. 11: 766–775.

STERNBERG, L., PINZON, M. C., MOREIRA, M. Z., MOUTIN-
HO, P., ROJAS, E. I., AND HERRE, E. A. 2007. Plants 
use macronutrients accumulated in leaf-cutting ant 
nests. Proc. R. Soc. Biol. Sci. Ser. B 274: 315-321. 

URBAS, P., ARAÚJO, M. V., LEAL, I. R., AND WIRTH, R. 2007. 
Cutting more from cut forests: Edge effects on for-
aging and herbivory of leaf-cutting ants in Brazil. 
Biotropica 39(4): 489-495.

VANDERWOUDE, C., LOBRY DE BRUYN, L. A., AND HOUSE, 
A. P. N. 2000. Long-term ant community responses 
to selective harvesting of timber from spotted gum 
(Corymbia variegata) dominated forests in south-
east Queensland. Ecol. Manag. Restor. 1: 205–214.

VAN GILS, H. A. J. A. 2011. Los factores ambientales rela-
cionados con la hormiga arriera (A. sexdens) en el sur 
del trapecio Amazónico, Colombia. PhD dissertation. 
Faculty of Agronomy, National University of Colom-
bia, Bogotá, Colombia. 236 pp.

VAN GILS, H. A. J. A. 2012. Atta sexdens (L.) nests are lo-
cated under higher canopy cover in Colombian Ama-
zon rainforests. Rev. Colombiana Entomol. 38(1): 
41-44.

VAN GILS, H. A. J. A., GAIGL, A., AND GÓMEZ, L. E. 2010. 
The relationship between soil variables and leafcut-
ter ant (Atta sexdens) nest distribution in the Colom-
bian Amazon. Insectes Soc. 57(4): 487-494.

VAN GILS, H. A. J. A., GÓMEZ, L. E., AND GAIGL, A. 2011. 
Leafcutter ant (Atta sexdens L.) (Hymenoptera: For-
micidae) demography in the Colombian Amazon: An 
evaluation of the palatable forage hypothesis. Envi-
ron. Entomol. 40(4): 770-776 

VASCONCELOS, H. L. 1990. Habitat selection by the 
queens of the leaf-cutting ant Atta sexdens L. in Bra-
zil. J. Trop. Ecol. 6: 249-252.

VASCONCELOS, H. L. 1997. Foraging activity of an Ama-
zonian leaf-cutting ant: responses to changes in the 
availability of woody plants and to previous plant 
damage. Oecologia 112: 370-378.

VASCONCELOS, H. L., AND CHERRETT, J. M. 1995. Changes 
in leaf-cutting ant populations (Formicidae, Attini) 
after the clearing of mature forest in Brazilian Ama-
zonia. Stud. Neotrop. Fauna Environ. 30:107-113.

VASCONCELOS, H. L., AND CHERRETT, J. M. 1997. Leaf-
cutting ants and early forest regeneration in central 
Amazonia: Effects of herbivory on tree seedling es-
tablishment. J. Trop. Ecol. 13: 357-370.

VASCONCELOS, H. L., VIEIRA-NETO, E. H. M., MUNDIM, F. 
M., AND BRUNA, E. M. 2006. Roads alter the coloniza-
tion dynamics of a keystone herbivore in Neotropical 
savannas. Biotropica 38(5): 661-665.

VIANA, L. R., SANTOS, J. C., ARRUDA, L. J., SANTOS, G. P., 
FERNÁNDEZ, G. W. 2004. Foraging patterns of the 
leaf-cutter ant Atta laevigata (Smith) (Myrmicinae: 
Attini) in an area of cerrado vegetation. Neotrop. En-
tomol. 33(3): 391-393.

VIEIRA-NETO, E. H. M., AND VASCONCELOS, H. L. 2010. 
Developmental changes in factors limiting colony 
survival and growth of the leaf-cutter ant Atta laevi-
gata. Ecography 33(3): 538-544.

WIRTH, R., BEYSCHLAG, W., RYEL, R., HERZ, H., AND HÖLL-
DOBLER, B. 2003. The herbivory of leaf-cutting ants. A 
case study on Atta colombica in the tropical rainfor-
est of Panama. Ecological Studies, Springer Verlag 
Berlin, Heidelberg, New York. 233 pp.

WIRTH, R., MEYER, S. T., ALMEIDA, W. R., ARAÚJO JR, M. 
V., BARBOSA, V. S., AND LEAL, I. R. 2007. Increasing 
densities of leaf-cutting ants (Atta spp.) with proxim-
ity to the edge in a Brazilian Atlantic forest. J. Trop. 
Ecol. 23: 501-505.

1-17703 p0914-921 Gils FESdj.indd   921 10/31/12   2:57 PM


