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Nest architecture of the leaf-cutting ant Acromyrmex rugosus rugosus
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Abstract. The prominent nests mounds of many ant
species are one of the most obvious signs of their
presence, yet the subterranean architecture of nests is
often poorly known. The present work aimed to establish
the external and internal structure of nests of a species of
leaf-cutting ant, Acromyrmex rugosus rugosus, by either
marking the interior of nests with talcum powder, or
forming casts with cement. Twelve nests were excavated
and surveyed, with eight being marked with talcum
powder and four cast with cement. The external and
internal structure of the nests was highly variable. The
largest and smallest nests had mound areas of 9.89 m2 and
0.01 m2 respectively. The number of chambers found
ranged from 1 to 26, with maximum dimensions of
between 6 and 70 cm. Chambers were found close to the
soil surface (6 cm) down to a maximum depth of 3.75 m.
In addition to chambers containing fungus garden, some
chambers were found to be empty, filled with soil or filled
with waste, the first time this has been recorded in a
species of Acromyrmex. The nests of A. rugosus rugosus
appear to be unusually complex for the genus, containing
a diversity of irregular chambers and tunnels.

Keywords: Attini, waste management, nest cast, myrme-
cophiles.

Introduction

Nest structure is a key factor in the survival of ant
colonies. Nests serve to protect the vulnerable brood and
queen(s) from natural enemies and other dangers, and

also aid the maintenance of optimal microclimatic con-
ditions for colony growth (Sudd, 1982). The nest repre-
sents a significant investment of energy for a colony that
cannot be recuperated in the manner of some other
investments, such as brood which can be cannibalized if
necessary. In Formica pallidefulva, for example, it has
been estimated that if a colony moves twice per year then
it spends 20% of its energy on the construction of nests
(Mikheyev and Tschinkel, 2004). The fact that so much
energy is invested in nests is indicative of the significance
of the benefits that they bestow on their colonies.
Consequently, ants show a wide diversity of species-
specific nest designs that range from simple to highly
complex, and which may be arboreal, in cavities, on the
ground surface, or, in most taxa, subterranean (Hçlldo-
bler and Wilson, 1990; Theraulaz et al. , 1998). Of these,
subterranean nests are particularly hard to study and the
architectural details are poorly known for most species
(Tschinkel, 2004).

The nests of leaf-cutting ants (Atta and Acromyrmex)
are a striking feature of the Neotropical region. Leaf-
cutting ants are well known as being ecologically impor-
tant because of the large quantities of vegetation that they
harvest as a substrate for their mutualistic fungal food
(Weber, 1972), something that also makes them signifi-
cant pests of agriculture (Mariconi, 1970; Forti, 1985;
Fowler et al. , 1986; Hçlldobler and Wilson, 1990). What is
less often appreciated is the other ecological effect that
they have as soil modifiers though nest building, which
alters the chemical and physical properties of the soil,
promotes the cycling of nutrients and favors the growth of
plants (Haines, 1983; Coutinho, 1982; Moutinho et al. ,
2003). It is because of their effects on soil as well as their
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herbivory that they can be considered keystone species in
many ecosystems (Fowler et al. , 1989).

The nests of Atta and Acromyrmex have very different
structural characteristics (Hçlldobler and Wilson, 1990).
Mature nests of Atta spp. may contain more than seven
thousand subterranean chambers, linked to each other
and to the soil surface by tunnels (Jacoby, 1950; Jonkman,
1980; Moreira et al. , 2004a). Nests of Acromyrmex spp.,
in contrast, are generally small with only one or a few
chambers (GonÅalves, 1961, 1964; Fowler, 1979). Above
ground, nests of Atta spp. are characterized by one or
several mounds of loose soil extracted from within the
nest, whereas such mounds may or may not be present in
Acromyrmex spp. (Autuori, 1942; Forti, 1985; Moreira et
al. , 2004a, b). There is also much variation within the
genera, and differences in the structure of the mound can
sometimes be useful in the identification of species
(GonÅalves, 1967; Pacheco and Berti-Filho, 1987; Forti
et al. , 2006).

The most reliable method of examining the subterra-
nean structure of ant nests is by casting the interior, and
various substances have been used for this such as dental
plaster, and molten zinc or aluminum (Tschinkel, 2003,
2004, 2005; Mikheyev and Tschinkel, 2004; Halley et al. ,
2005). Nests of Atta spp. have been unusually well studied
using this technique, with cement being the most com-
monly used substance for casting (Jacoby, 1935, 1950;
Moreira et al. , 2004a,b; Andrade et al. , 2005). However,
no casting studies have previously been attempted for
Acromyrmex. In this study we use the casting technique to
study the nest architecture of one Acromyrmex species,
A. rugosus rugosus, which nests in areas of grassland and
disturbed habitat. Acromyrmex species cluster into two
clades matching their geographical distributions (Sumner
et al. , 2004), and A. rugosus is a member of the South
American clade.

Materials and methods

Twelve A. rugosus rugosus nests were studied between 2003 and 2005 in
Botucatu, SP, Brazil (22853�09��S; 48826�42��W). For each nest, the
width and length of the nest mound(s) was measured and the mound(s)
photographed. Entrance holes were detected and counted by blowing
talcum powder into one entrance hole of the nest with a manual pump
and then observing the egress of the powder from any other entrances.
Two lengths of string were then stretched perpendicularly over the
mound to act as references for mapping the chambers and tunnels.

For nests 1–8, talcum powder was used to mark the internal
structure by pumping it into the nests. The internal structure of the
other four nests (9 –12) was cast with a suspension of cement and lime
(2 kg of cement and 1 kg of lime in 10 l of water) that was poured into
the nest entrances following the methodology of Jacoby (1935). Nests
were excavated immediately after marking with talcum powder or one
week after casting with cement. In each case, a ditch was dug around the
nest and this was then excavated inwards and downwards according to
the appearance of chambers and tunnels. The depth, length, height and
width of chambers were recorded for all nests, and the diameter and
length of tunnels were recorded for the nests filled with cement. In
addition for the nests marked with talcum powder, the contents of
chambers (fungus garden, soil or waste material) were removed,
transported to the laboratory in pots or plastic sacks so as to minimize

water loss, and the volumes estimated using a graduated cylinder.
Subsamples (10% by volume) of waste material were then examined
for macroorganisms using the Berlese funnel technique, with sub-
samples being left under a 25 w lamp for seven days.

Spearman Rank Correlation Coefficients were used to examine the
relationships between the four main nest attributes measured: area of
nest mound, number of entrance holes, number of chambers and
maximum depth. We tested whether the number of chambers found
differed between the two casting methods used (talcum powder or
cement) by means of an ANOVA with nest mound area included as a
covariate to control for nest size. Whether the depth of chambers was
normally distributed was checked with a Kolmogorov-Smirnov test.
Finally, we also examined whether the depth of chambers was
associated with their contents using a Kruskall-Wallis test.

Results

Although the nests of A. rugosus rugosus were found in
various habitats, including fields and urban areas, they
were observed to be located most frequently in locations
that made excavation difficult: next to buildings or trees,
or on inclines. When next to trees, fungus chambers were
often found interwoven with tree roots, and on occasion
roots were used as tunnels or chambers (Figs. 1 and 2).
The mother queen was located for colonies 1, 2, 4, 5 and 8.
She was found, together with brood, in the only fungus
chamber of the former three colonies, and in the chamber
with the largest volume of fungus in the latter two
colonies. Winged males and gynes were found in nests 7
and 12, confirming that these colonies were mature.

Nest architecture

Externally, nests of A. rugosus rugosus had between one
and 11 entrances, most of which were at the centre of one
or more loose mounds of soil. The mounds were
irregularly shaped, consisting normally of scattered,
half-moon craters, but being compacted when the colony
was located in a pasture, and ranged from 0.01 to 9.89 m2

(Table 1; Figs. 1 and 2). Nests contained between one
and 26 chambers that either contained fungus garden,
soil, waste material or were empty (Table 1; Figs 2 and
3). The number of chambers found did not differ
significantly between the two marking methods used
(talcum powder or cement) when nest size was taken
into account (F1,9 = 2.29, p = 0.165). Chambers irregu-
larly distributed (Fig. 1), rather than being arranged in a
simple, consistent manner (e.g. vertically arranged on
the shaft of the same tunnel). Most chambers though,
were generally either directly below or very close to the
surface mounds and this was always the case for fungus
chambers (Fig. 1). Chamber depth ranged from 6 cm to
3.75 m and was not normally distributed (Z = 1.57,
p = 0.015), with the number of chambers decreasing
with increasing depth (Fig. 3). All but three chambers
were less than 2 m deep, while all the chambers in the
four small nests (1 – 4) were no more than 0.27 m deep
(Fig. 3). The types of chambers differed significantly in
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their depths (c2 = 10.3, d.f. = 3, p = 0.016), with fungus
chambers being located closer to the surface (mean
depth 34.4 cm, range 6 – 94 cm), while the deepest
chambers contained waste material (mean depth
111 cm, range 7 – 250 cm; Fig. 3). Empty chambers and
soil chambers were on average 64.6 cm (range 28 –
130 cm), and 76.2 cm (10 – 190 cm) in depth respectively
(Fig. 3). Fungus gardens were on average 334.1 � 218.9
(range 70 – 850 ml) in volume and were often much
smaller than the chambers that contained them. The
fungus was uniform in appearance and cultivated
exclusively on the leaves of dicotyledonous plants
(Fig. 2a), even in those colonies located in pasture.
Waste chambers contained 1201.2 � 1709.6 (range 50 –
5600 ml) of waste and soil chambers 1668.0 � 2107.3
(range 40 to 4140 ml) of soil. Chambers were arranged at
various angles relative to one another, varied widely in
size and often had multiple, interconnected protuber-
ances rather than being a smooth cavity (Fig. 1). Tunnels
varied from 0.6 to 50 cm in width, were long or short, had
no or many ramifications, and ran vertically, horizontally

and along all inclines in between (Table 2; Fig. 1). Some
chambers were connected to each other or entrance
holes by several tunnels (Fig. 1e) and others by only a
single tunnel (Fig. 1f), with the level of connection being
independent of the size or shape of the chambers. Thus,
the connections and arrangement of chambers and
tunnels was irregular and followed no consistent pattern.

Myrmecophiles

As well as containing old fungus and ant body parts, waste
chambers often also contained a great deal of soil. Many
arthropods were found to be associated with the waste
material: sowbugs (Crustacea, Isopoda), pseudo-scor-
pions (Arachnida, Pseudoscorpionida), collembolans,
acarids, diplopods, chilopods, burrowing bug nymphs
(Heteroptera, Cydnidae), beetle larvae (Coleoptera,
Elateridae), beetle adults (Coleoptera, Scarabaeidae),
and other coleopterans. The tunnels to some inactive
waste chambers were blocked. Active waste chambers
were always located beside or below the fungus chamber,
but were always separated from it by tunnels.

Structural correlations

Of the four main nest attributes measured, three were
closely related. The number of entrance holes was
correlated with both the area of nest mound (rs = 0.80,
p = 0.002) and the number of chambers (rs = 0.65,
p = 0.023; Fig. 4). The area of nest mound and number

Figure 1. Three-dimensional view of Acromyrmex rugosus rugosus
nests cast with cement (a, b, c and d). (a) Nest 9 reaching a depth of
3.75 m. (b) Nest 10, a smaller nest with a mound area of 0.27 m2. (c) Nest
11 located in pasture. (d) Nest 12, the largest nest in terms of number of
chambers (26) and mound area (9.89 m2). (e) Detail of chamber
showing multiple protuberances interconnected by various tunnels. (f)
Detail of chambers without protuberances and connected by only a
single tunnel. (g) Detail of tunnel arrangement, showing old roots being
utilized as tunnels. (h) General view of the external mounds of nest 12
which was located next to a building.

Figure 2. Nests of Acromyrmex rugosus rugosus marked with talcum
powder. (a) Fungus chamber interwoven by roots. (b) Waste chamber.
(c) Empty chamber. (d) Soil chamber. (e) Nest mound resembling a
small crater in the form of a half-moon. (f) Irregular form of entrance
hole.
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of chambers was thus also related (rs = 0.73, p = 0.007;
Fig. 4). Depth, however, was not as clearly related to the
other variables, being correlated only with the number of
chambers (rs = 0.65, p = 0.023; Fig. 4), and not with the
number of entrance holes (p = 0.150) nor the area of the
nest mound (p = 0.216).

Discussion

The nest casting techniques used provided new insights
into the complexity of Acromyrmex nest architecture.
Nest location was nonrandom, with nests normally being
located in areas that made excavation difficult and which
may thus provide some protection against predators
such as armadillos (Rao, 2000). A. rugosus rugosus is
evidently opportunistic when building nests and takes
advantage of the immediate environment. This was most
obvious when old roots of trees were utilized as �guide-
lines� for tunnels or chambers, most probably to
reinforce the structural integrity of the nest. Previous
studies have found Acromyrmex nests to be relatively
small, with 14 being the maximum number of chambers
recorded previously (Della Lucia and Moreira, 1993;
Michels et al. , 2001; Forti et al. , 2006). While most of the

A. rugosus rugosus nests examined in the current study
were within this size range, several were noticeably
larger than has previously been found, including one
colony (12) with 26 chambers. The variation in the
number of chambers most probably relates to the age of
the colony and possibly seasonal changes (Lapointe et
al. , 1998; Moreira and Forti, 1999).

Chambers of A. rugosus rugosus were found from
within a few cm of the surface to a maximum depth of
almost 4 m. Almost all chambers, however, were less than
2 m deep while those of the smaller nests were less than
0.3 m deep. Although some species of Acromyrmex can
also have deep nests, such as A. landolti (5 m depth) and
A. rugosus rochai (4 m depth), most species have
shallower nests up to 2 m deep and A. rugosus rugosus
has only been recorded previously as having chambers up
to 0.4 m deep (GonÅalves, 1961; Navarro and Jaffe, 1985).
Humidity is critical to the growth of the mutualist fungus
(Roces and Kleineidam, 2000), and we suggest that
deeper nests may be constructed to utilize a soil humidity
gradient that is better for the cultivation of the fungus.
The fungus chambers themselves may be located closer to
the surface to save the workers energy and time during
the transport of substrates to the fungus chambers, since
this can be considerable (Roces and Hçlldobler, 1994;

Table 1. Number and dimensions (mean, SD and range) of nest chambers, maximum depth of nest, area of the nest mound and number of entrance
holes for Acromyrmex rugosus rugosus nests marked with talcum powder (1T to 8T) or cast with cement (9C to 12C).

Nest Chambers (n)
Chamber length (cm) Chamber height (cm) Chamber width (cm)

Nest depth (m) Nest area (m2) Entrance holes (n)
Mean SD Range Mean SD Range Mean SD Range

1T 2 48.0 31.1 26 –70 11.0 2.8 9–13 8.0 1.4 7–9 0.09 0.03 1

2T 1 20.0 - - 7.0 - - 9.0 - - 0.06 0.01 1

3T 2 65.0 7.1 60 –70 12.0 2.8 10 –14 7.5 0.7 7–8 0.10 2.66 5

4T 2 34.0 8.5 28 –40 15.5 4.9 12 –19 18.5 2.1 17–20 0.27 0.33 1

5T 8 28.4 14.3 12 –50 15.8 3.7 10 –20 17.4 5.8 11–28 2.50 0.26 5

6T 14 25.4 14.4 7–58 14.4 9.2 8–36 15.9 9.0 7–41 1.90 3.20 5

7T 10 25.2 11.6 13 –43 12.6 4.4 6–20 16.6 8.2 6–34 1.70 1.00 4

8T 8 22.8 10.7 11 –37 19.0 8.0 9–30 15.5 8.4 7–30 1.17 2.13 7

9C 9 22.6 8.8 8–38 12.4 4.0 7–20 15.7 6.6 7–26 3.75 2.65 5

10C 10 14.8 4.7 8–26 9.5 4.1 5.5 –17 9.3 2.6 6–14 1.70 0.27 3

11C 18 19.9 11.6 6.3 –46 12.5 7.0 3–33 13.8 7.2 5–28 1.74 4.08 6

12C 26 27.0 17.0 6.2 –62 17.0 9.8 4–43 13.0 6.4 5–26 1.34 9.89 11

Table 2. Number and dimensions (mean, SD and range) of tunnels between each chamber or bifurcation for Acromyrmex rugosus rugosus nests cast
with cement.

Nest Tunnels (n)
Tunnel length (cm) Tunnel height (cm) Tunnel width (cm)

Mean SD Range Mean SD Range Mean SD Range

9C 35 47.8 60.7 4.0–285.0 2.3 1.6 1.0 –7.0 4.9 8.9 1.0 –50.0

10C 42 23.6 18.4 1.0–85.0 2.1 1.2 1.0 –6.0 3.4 2.0 0.9 –7.0

11C 46 23.8 30.1 1.6–160.0 3.1 2.0 1.1 –9.2 3.4 2.7 1.2 –14.0

12C 84 26.9 23.3 1.5–108.0 2.8 1.6 1.0 –8.0 3.4 2.5 0.6 –14.5
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Denny et al. , 2001). Variation between colonies may also
relate to microclimatic conditions or differences in soil
composition, with the maximum depth being limited by
the water table (Jonkman, 1980).

The width of tunnels varied widely, even within the
same nest. This variation may relate to the traffic of ants
along them, as suggested previously by Moreira et al.
(2004a). Unlike in Atta nests which generally have a series
of main tunnels that connect to chambers via very short
branches called peduncles (Jonkman, 1980; Moreira et
al. , 2004a,b; Andrade et al. , 2005), the majority of tunnels
in the A. rugosus rugosus nests connected directly to the
chambers. Tunnels were also present in the nest mounds
and were used by workers to transport leaves into, and soil
out of, the nest. They may also have a role in ventilation,
as is the case in Atta vollenweideri (Kleineidam and
Roces, 2000).

One of the most interesting findings was the diversity
of chambers found within the study nests. Previous studies
have only recorded fungus chambers (GonÅalves, 1961;
Della Lucia and Moreira, 1993; Forti et al. , 2006), but our
more thorough methods revealed the additional presence
of chambers filled with soil or waste, as well as empty
chambers. The latter are most probably prepared to
receive fungus, waste or soil, and may thus be an
indication that the nest is being expanded. Many species
of Acromyrmex are known to incorporate rejected or
exhausted fungal substrate in their nest mound, including
A. balzani, A. coronatus, A. fracticornis, A. hispidus, A.

Figure 3. Depth of chambers found in the twelve Acromyrmex rugosus
rugosus nests. For nests 1–8 which were marked with talcum powder,
chambers are distinguished according to whether they contained fungus
garden (black circles), waste material (grey circles), soil (open circles)
or were empty (open squares). Chamber contents are unknown (black
triangles) for nests 9–12 which were cast with cement. Within nests,
chambers are offset horizontally solely for clarity and horizontal
position therefore does not relate to actual horizontal position within
the nest.

Figure 4. Relationships between the numbers of entrance holes or chambers, and the nest depths or mound areas, for the twelve Acromyrmex
rugosus rugosus nests.
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landolti, A. lobicornis, A. lundi pubences, A. striatus and
A. subterraneus (Bonetto, 1959; GonÅalves, 1961; Zolessi
and Abenante, 1973; Zolessi and Gonz�lez, 1974; Fowler,
1979, 1985; Pereira-da-Silva et al. , 1981; Navarro and
Jaffe, 1985; Mayh�-Nunes, 1991; Della Lucia and Mor-
eira, 1993; Farji-Brener, 2000; Andrade, 2002; Forti et al. ,
2006). Lapointe et al. (1998) occasionally found chambers
filled with exhausted leaf substrate in some nests of A.
landolti, a grass-cutting species, but also observed that
waste and excavated soil is normally disposed of exter-
nally by this species. In contrast to what is known for
Acromyrmex, the majority of Atta species deposit waste
material in internal waste chambers, with the exception of
Atta colombica and Atta mexicana which deposit their
waste externally (Haines, 1978; Deloya, 1988). Our study
is therefore the first confirmation that at least one species
of Acromyrmex, A. rugosus rugosus, also uses internal
waste chambers for its waste material.

The waste chambers found in colonies of A. rugosus
rugosus contained worker cadavers and arthropods of the
same groups as found previously in Atta nests. The
coexistence of inquilines in nests of leaf-cutting ants is
very common because of the favorable temperature and
humidity maintained inside the nests (Zolessi and Abe-
nante, 1973; Zolessi and Gonz�lez, 1974; Della Lucia et
al. , 1993). These organisms can be specific to the host
species (Farji-Brener and Sasal, 2003), but many, such as
the Attini-beetle relationships (Navarrete-Heredia,
2001), are likely to be facultative. In addition to the
macroorganisms identified, the waste material of leaf-
cutting ant colonies will also include many microorgan-
isms. These can include parasites of either the ants or their
fungal mutualist, such as the fungi Escovopsis, Metarhizi-
um anisopliae and Aspergillus (Bot et al. , 2001; Hart and
Ratnieks, 2001; Hughes and Boomsma, 2004; Hughes et
al. , 2004; Poulsen et al. , 2006). Whether due to such
pathogens or to direct toxicity, contact with waste
material leads to increased mortality of workers (Bot et
al. , 2001). It seems likely that minimizing exposure to
potentially pathogenic waste material is the reason why
the tunnels to inactive waste chambers were generally
found to be blocked in the nests of A. rugosus rugosus.
The construction of internal chambers of waste and soil
may perhaps be a strategy to reduce the exposure of
workers to predators or parasites, such as phorid flies
(Wetterer, 1995), when they are leaving the nest.

In conclusion, nests of A. rugosus rugosus are
complex, often being large in depth, mound area, and
number of chambers. They were discovered to contain a
greater diversity of chambers than previously recorded,
including chambers dedicated to waste material. The
technique of marking or casting the internal structure of
ant nests with substances such as talcum powder or
cement is the best way of accurately mapping their
subterranean architecture. It seems probable that the use
of these techniques with other ant species may reveal
their nests to also be more complex that currently
realised.

Acknowledgments

We are grateful to Coordenadoria de AperfeiÅoamento de N�vel
Superior (CAPES) (via a scholarship to S.S.V.) and Conselho Nacional
de Pesquisa e Tecnologia (CNPq) (via grant n8 301167/2003–6 to
L.C.F.) for providing financial support. We would also like to thank Dr.
Flavio Roces for constructive comments on the manuscript, and Jos�
Carlos dos Santos (in memoriam) and Marcos Antonio Pereira for
much help during field work.

References

Andrade A.P.P. 2002. Biologia e taxonomia comparadas das subesp�cies
de Acromyrmex subterraneus Forel, 1893 (Hymenoptera, Formici-
dae) e contaminaÅ¼o das oper�rias por iscas t�xicas. Instituto de
BiociÞncias, Universidade Estadual Paulista, Botucatu, Brazil. 168
pp

Andrade A.P.P., Forti L.C., Roces F., Camargo R.S. and Verza S.S.
2005. Arquitetura dos ninhos de Atta capiguara, GonÅalves 1944
(Hymenoptera, Formicidae). In: Mirmecologia-Biodiversidade e
BioindicaÅ¼o (Fernandes W.D., Silvestre R. and Aranda R., Eds),
Universidade Federal de Mato Grosso do Sul, Campo Grande,
Brazil. pp 490 – 493

Autuori M. 1942. ContribuiÅ¼o para o conhecimento da safflva (Atta
spp.) (Hymenoptera: Formicidae). III-EscavaÅ¼o de um sauveiro
(Atta sexdens rubropilosa Forel, 1908). Arq. Inst. Biol. 13: 137 – 148

Bonetto A. 1959. Las Hormigas “Cortadoras” de la Provincia de Santa
F� (G�neros: Atta y Acromyrmex). Direccion General de Recursos
Naturales, Provincia de Santa F�, Argentina. 77 pp

Bot A.N.M., Currie C.R., Hart A.G. and Boomsma J.J. 2001. Waste
management in leaf-cutting ants. Ethol. Ecol. Evol. 13: 225 – 237

Coutinho L.M. 1982. Aspectos ecol	gicos da safflva no cerrado. Os
murundus de terra, as caracter�sticas psamofiticas da esp�cie e sua
vegetaÅ¼o, e sua invas¼o pelo capim gordura. Rev. Bras. Biol. 42:
147 – 153

Della Lucia T.M.C. and Moreira D.D.O. 1993. CaracterizaÅ¼o dos
Ninhos. In: As Formigas Cortadeiras (Della Lucia T.M.C., Ed),
Folha de ViÅosa, ViÅosa, Brazil. pp 32 – 42

Della Lucia T.M.C., Moreira D.D.O. and Oliveira M.A. 1993. Inimigos
naturais e organismos associados aos ninhos. In: As Formigas
Cortadeiras (Della Lucia T.M.C., Ed), Folha de ViÅosa, ViÅosa,
Brazil. pp 131 – 150

Deloya C. 1988. Cole	pteros lamelicornios asociados a dep	sitos de
detritos de Atta mexicana (Smith) (Hymenoptera: Formicidae) em
el sur del Estado de Morelos, M�xico. Folia Entomol. Mex. 75: 77 –
91

Denny A.J., Wright J. and Grief B. 2001. Foraging efficiency in the
wood ant, Formica rufa: is time of the essence in trail following?
Anim. Behav. 62: 139 – 146

Farji-Brener A.G. 2000. Leaf-cutting ant nests in temperate environ-
ments: Mounds, mound damages and mortality rates in Acromyr-
mex lobicornis. Stud. Neotrop. Fauna Environ. 35: 131 – 138

Farji-Brener A.G. and Sasal Y. 2003. Is dump material an effective
small-scale deterrent to herbivory by leaf-cutting ants? �coscience
10: 151 – 154

Forti L.C. 1985. Ecologia da safflva Atta capiguara GonÅalves, 1944
(Hymenoptera: Formicidae) em pastagem. Escola Superior de
Agricultura “Luiz de Queiroz”-USP, Piracicaba, Brazil. 234 pp

Forti L.C., Andrade M.L, Andrade A.P.P., Juliane F.S.L. and Ramos
V.M. 2006. Bionomics and identification of Acromyrmex (Hyme-
noptera: Formicidade) through an illustrated key. Sociobiology 48:
135 – 153

Fowler H.G. 1979. Las hormigas cortadoras del Paraguay de los g�neros
Atta Fabricius y Acromyrmex Mayr: bionomia, distribuci	n y
sistem�tica. Inform. Cient. 2: 30 – 70

Fowler H.G. 1985. Leaf-cutting ants of the genera Atta and Acromyr-
mex of Paraguay (Hymenoptera, Formicidae). Deut. Entomol. Z.
32: 19 – 34

308 S. S. Verza et al. Nest architecture of a leaf-cutting ant



Fowler H.G., Forti L.C., Pereira-da-Silva V. and Saes N.B. 1986.
Economics of Grass-Cutting Ants. In Fire Ants and Leaf-cutting
Ants: Biology and Management (Lofgren, C.S. and Vander Meer,
R.K., Eds), Westview Press, Boulder. pp 18 – 35

Fowler H.G., Pagani M.I., da Silva O.A., Forti L.C., Pereira-da-Silva V.
and Vasconcelos H.L.A. 1989. A pest is a pest is a pest? The
dilemma of the Neotropical leaf-cutting ants: keystone taxa of
natural ecosystems. Environ. Manage. 13: 531 – 537

GonÅalves C.R. 1961. O gÞnero Acromyrmex no Brasil (Hymenoptera,
Formicidae). Stud. Entomol. 4: 113 – 180

GonÅalves C.R. 1964. As formigas cortadeiras. Bol. Campo 20: 7 – 23
GonÅalves C.R. 1967. Acromyrmex multicinodus (Forel, 1901), sin
ni-

mo de Acromyrmex niger (F. Smith, 1858) (Hymenoptera:
Formicidae). Rev. Bras. Entomol. 12: 17 – 20

Haines B. 1978. Element and energy flows through colonies of the leaf-
cutting ants Atta colombica in Panama. Biotropica 10: 270 – 277

Haines B. 1983. Leaf-cutting ants bleed mineral elements out of
rainforest in southern Venezuela. Trop. Ecol. 24: 86 – 93

Halley J.D., Burd M. and Wells P. 2005. Excavation and architecture of
Argentine ant nests. Insect. Soc. 52: 350 – 356

Hart A.G. and Ratnieks F.L.W. 2001. Task partitioning, division of
labour and nest compartmentalisation collectively isolate hazard-
ous waste in the leaf-cutting ant Atta cephalotes. Behav. Ecol.
Sociobiol. 49: 387 – 392

Hçlldobler B. and Wilson E.O. 1990. The Ants. Harvard University
Press, Cambridge, MA. 732 pp

Hughes W.O.H. and Boomsma J.J. 2004. Let your enemy do the work:
within-host interactions between two fungal parasites of leaf-
cutting ants. Proc. R. Soc. Lond. B (Suppl.) 271: S104-S106.

Hughes W.O.H., Eilenberg J., Thomsen L. and Boomsma J.J. 2004.
Diversity of entomopathogenic fungi near leaf-cutting ant nests in a
Neotropical forest, with particular reference to Metarhizium
anisopliae var. anisopliae. J. Invert. Pathol. 85: 46 – 53.

Jacoby M. 1935. Erforschug der Struktur des Atta-Nestes mit H�lfe des
Cementausguss-Verfahrens. Rev. Entomol. 5: 420 – 425

Jacoby M. 1950. A arquitetura do ninho: In: A Safflva: uma InteligÞncia
Nociva (Jacoby M., Ed), ServiÅo de InformaÅ¼o Agr�cola, Rio de
Janeiro, Brazil. pp 21 – 31

Jonkman J.C.M. 1980. The external and internal structure and growth of
nests of the leaf-cutting ant Atta vollenweideri Forel, 1893 (Hym:
Formicidae) Part I. Z. Angew. Entomol. 89: 158 – 173

Kleineidam C. and Roces F. 2000. Carbon dioxide concentrations and
nest ventilation in nests of the leaf-cutting ant Atta vollenweideri.
Insect. Soc. 47: 241 – 248

Lapointe S.L., Serrano M.S. and Jones P.G. 1998. Microgeographic and
vertical distribution of Acromyrmex landolti (Hymenoptera: For-
micidae) nests in a Neotropical savanna. Environ. Entomol. 27:
636 – 641

Mariconi F.A.M. 1970. As Safflvas. Agron
mica Ceres, S¼o Paulo,
Brazil. 167 pp

Mayh�-Nunes A.J. 1991. Estudo de Acromyrmex (Hymenoptera:
Formicidae) com ocorrÞncia constatada no Brasil: subs�dios para
uma an�lise filogen�tica. Universidade Federal de ViÅosa, ViÅosa,
Brazil. 122 pp

Michels K., Cromme N., Glatzle A. and Schultze-Kraft R. 2001.
Biological control of leaf-cutting ants using forage grasses: Nest
characteristics and fungus growth. J. Agron. Crop Sci. 187: 259 –
267

Mikheyev A.S. and Tschinkel W.R. 2004. Nest architecture of the ant
Formica pallidefulva: structure, costs and rules of excavation.
Insect. Soc. 51: 30 – 36

Moreira A.A. and Forti L.C. 1999. ComparaÅ¼o entre volume externo e
interno de ninhos de Atta laevigata (Hymenoptera: Formicidae).
Rev. �rvore 23: 355 – 358

Moreira A.A., Forti L.C., Andrade A.P.P., Boaretto M.A.C. and Lopes
J.F.S. 2004a. Nest architecture of Atta laevigata (F. Smith, 1858)
(Hymenoptera: Formicidae). Stud. Neotrop. Fauna Environ. 39:
109 – 116

Moreira A.A., Forti L.C., Boaretto M.A.C., Andrade A.P.P., Lopes
J.F.S. and Ramos V.M. 2004b. External and internal structure of
Atta bisphaerica Forel (Hymenoptera: Formicidae) nests. J. Appl.
Entomol. 128: 204 – 211

Moutinho P., Nepstad D.C. and Davidson E.A. 2003. Influence of leaf-
cutting ant nests on secondary forest growth and soil properties in
Amazonia. Ecology 84: 1265 – 1276

Navarrete-Heredia J.L. 2001. Beetles associated with Atta and Acro-
myrmex ants (Hymenoptera: Formicidae: Attini). Trans. Am.
Entomol. Soc. 127: 381 – 429

Navarro J.G. and Jaffe K. 1985. On the adaptive value of nest features in
the grass-cutting ant Acromyrmex landolti. Biotropica 17: 347 – 348

Pacheco P. and Berti-Filho E. 1987. Formigas quenqu�ns. In: Formigas
Cortadeiras e o seu controle. (Pacheco P. and Berti-Filho E., Eds),
IPEF/GTFC, Piracicaba, Brazil. pp 3 – 17

Pereira-da-Silva V., Forti L.C. and Cardoso L.G. 1981. Din�mica
populacional e caracterizaÅ¼o dos ninhos de Acromyrmex corona-
tus (Fabricius, 1804) (Hymenoptera: Formicidae). Rev. Bras.
Entomol. 25: 87 – 93

Poulsen M., Hughes W.O.H. and Boomsma J.J. 2006. Differential
resistance and the importance of antibiotic production in Acro-
myrmex echinatior leaf-cutting ant castes towards the entomopa-
thogenic fungus Aspergillus nomius. Insect. Soc. 53: 349 – 355.

Rao M. 2000. Variation in leaf-cutter ant (Atta sp.) densities in forest
isolates: the potential role of predation. J. Trop. Ecol. 16: 209 – 225.

Roces F. and Hçlldobler B. 1994. Leaf density and a trade-off between
load-size selection and recruitment behavior in the ant Atta
cephalotes. Oecologia 97: 1 – 8

Roces F. and Kleineidam C. 2000. Humidity preference for fungus
culturing by workers of the leaf-cutting ant Atta sexdens rubropi-
losa. Insect. Soc. 47: 348 – 350

Sudd J.H. 1982. Ants: foraging, nesting, brood behavior, and polyeth-
ism. In: Social Insects, 4, (Hermann H.R., Ed), Academic Press,
New York. pp 107 – 155

Sumner S., Aanen D.K., Delabie J. and Boomsma J.J. 2004. The
evolution of social parasitism in Acromyrmex leaf-cutting ants: a
test of Emery�s rule. Insect. Soc. 51: 37 – 42.

Theraulaz G., Bonabeau E. and Deneubourg J.-L. 1998. The origin of
nest complexity in social insects. Complexity 3: 15 – 25

Tschinkel W.R. 2003. Subterranean ant nests: trace fossils past and
future?. Palaeogeogr. Palaeoclimatol. Palaeoecol. 192: 321 – 333

Tschinkel W.R. 2004. The nest architecture of the Florida harvester ant,
Pogonomyrmex badius. J. Insect Sci. 4: 21

Tschinkel W.R. 2005. The nest architecture of the ant, Camponotus
socius. J. Insect Sci. 5: 9

Weber N.A. 1972. Gardening Ants: the Attines. Mem. Am. Philos. Soc.,
Philadelphia. 146 pp

Wetterer J.K. 1995. Forager size and ecology of Acromyrmex coronatus
and other leaf-cutting ants in Costa Rica. Oecologia 104: 409 – 415.

Zolessi L.C. and Abenante Y. P. 1973. Nidificacion y mesoetologia de
Acromyrmex en el Uruguay. III. Acromyrmex (A.) hispidus
Santschi, 1925 (Hymenoptera: Formicidae). Rev. Biol. Uruguay 1:
151 – 165

Zolessi L.C. and Gonz�lez L.A. 1974. Nidificacion y mesoetologia de
Acromyrmex en el Uruguay. II. Acromyrmex (Acromyrmex)
lobicornis (Emery, 1887) (Hymenoptera: Formicidae). Rev. Biol.
Uruguay 1: 37 – 55

To access this journal online:
http://www.birkhauser.ch/IS

Insect. Soc. Vol. 54, 2007 Research article 309

http://www.birkhauser.ch/IS

