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Introduction

Abstract

Ants of the genera Atta and Acromyrmex (Myrmicinae: Attini) are in general pests for
agricultural and pasture areas. In southwestern Bahia pastures, in Brazil, Accomyrmex
landolti Forel occurs at intermediate densities of 260 nests ha. In spite of its economic
importance, there is not enough research on the bioecological aspects of such spe-
cies. This paper aims to study the spatial distribution and the architectural pattern
of A. landolti nests, as well as to establish the foundations for the improvement of
strategies for controlling the pest. The research was carried out during the period of
June 2011 and May 2012, in an area of pastures measuring 2.7 ha, in Itapetinga, in
Bahia. Twenty five nests were selected. The external mound area, height of the tower,
distance between the tower and the external mound area, as well as the tower diam-
eter were all registered. In order to describe the internal architecture, the same nests
were completely excavated and five were molded in cement. The spatial distribution
of the nests is of aggregated type. The towers height is 2.1 cm and the mean diameter
is 1.2 cm. The amount of loose soil is of about 8.0 cm from the tower, with an mean
area of 472.94312.5 cm? and mean volume of 1.4 + 0.9 |. The depth of the nests varies
between 7.0 and 78.0 cm, with an mean of 33.2+21.29 cm. The nests have, in mean,
4.442.0 chambers, being two nests with just one chamber (8%) and another nest (4%)
with 11 chambers. The highest frequency of chambers (73.6%) occurs in the first 5-10
cm depth. The closest chambers have tunnels of 0.5 cm in length, and 23% of the tun-
nels measure 1.0 cm in length, with up to 44.7% of the tunnels measuring up to 30 cm.
The mean dimensions of the chambers are: width: 6.2 cm; height: 5.1 cm; and length:
5.7 cm. The majority of the chambers are located near the entrance holes.

and are exclusive to the New World, which adds up to a to-
tal of 15 genera and 297 valid species (Bolton et al., 2006;

The ants (Hymenoptera: Formicidae) are insects
which present a vast taxonomic diversity and occupy a great
variety of ecological niche and frequently spread out and
become dominant in all habitats of the globe (Ho6lldobler
& Wilson, 1990; Wilson & Hoélldobler, 2005). One of the
biological characteristics which explains this extraordinary
ecological success is partly due to its great capacity of mod-
ifying or exploring its environment for nests construction
(Holldobler & Wilson, 1990; Passera & Aron, 2005).

The tribe Attini groups the ants which cultivate fungi
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Brandao et al., 2011). The genera which derive from this
species, Atta and Acromyrmex, comprise the real leaf-cut-
ting ants, because they use fresh parts of plants to cultivate
their symbiotic fungi reaching the status of agricultural pest
in silvicultural and pasture areas. The leaf cutting ants are
highly specialized in selecting the plant substrate and in the
construction of the nests, with greater structural complexity
in the Atta species (Forti et al., 2011).

Among the species of the genus Acromyrmex, which
specialized in grass cutting, we can refer to Acromyrmex
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landolti Forel and Acromyrmex balzani Emery by its vast
geographic distribution and damages caused to pastures. Ac-
romyrmex balzani was initially described as subspecies of
A. landolti and later was taken to the category of species by
Fowler (1988). They are very similar species, in the morpho-
logical aspects of its workers and in the habits of foraging
nest construction. Such species construct relatively small
nests, however, they generally occur in high densities, caus-
ing damage to pastures (Gongalves, 1961; 1967, Mariconi et
al., 1963; Amante, 1967 a, b). In Venezuela it was registered
densities of 1,000 and 6,000 nests ha"'(Labrador et al., 1972;
Espina & Timaure, 1977) whereas in Paraguay Acromyrmex
landolti fracticornis Forel may reach a density of 4,400
nests ha' making it impossible for ranchers to breed cattle
in the infested areas (Fowler & Robinson, 1977). In the state
of Bahia, Brazil, 900 nests ha' were found for the specie 4.
balzani (Lewis, 1975).

The nests of leaf-cutting ants can present a casual or
uniform spatial distribution in Atta, in areas with smaller
or bigger density rate of nests, respectively (Caldeira et al.,
2005). For nests of Acromyrmex spp. casual distributions
was already registered (Cantarelli et al., 2006), while ag-
gregated distribution was registered for A. balzani (Caldato,
2010).

Ants of the genus Acromyrmex build their nests in an
even simpler way compared with the species of the genus
Atta, which usually has a small number of chambers. Simi-
larities and differences observed in the architecture of the
nests, between genera of Attini (Weber, 1972), also occur
between the Acromyrmex species of the Moellerius group.
While most of these species have a typical tube straw sur-
rounding the hole tunnel of the nest, with a unique vertical
tunnel, interconnecting the various rounded chambers, the
nests of Acromyrmex heyeri (Forel, 1899) present an amount
of loose soil with two or three entrances, with several verti-
cal tunnels connected to a unique chamber located at depth
of approximately 40 cm (Gongalves, 1961). In 4. balzani,
Mendes et al. (1992) found a total of six chambers and regis-
tered a maximum depth of 1.2 m, whereas Silva et al. (2010)
found a maximum of fourteen chambers, placed in a depth
of 2 m, and the majority of an ellipsoid type. Still regarding
this species, the greatest amount of chambers are in the first
30 cm placed in the projection of the loose soil. The ant 4.
landolti build nests with two or three chambers overlapping
and linked by a vertical gallery (Weber, 1972).

There is not enough research about the effects of the
ant A. landolti to the conditions of the Brazilian pastures.
On the other hand, it is known that other Acromyrmex spe-
cies, specially A. balzani, share similarities in morphologi-
cal aspects, its workers, foraging habit and nest construc-
tion. Therefore, the aims of this paper were: a) to investigate
the spatial distribution and architecture of nests of this spe-
cies in pasture areas in Southwestern Bahia, Brazil, and b)
to compare the found characteristics with those already re-

ported for other Acromyrmex species. We hope to contribute
to improve the foundations of management strategies of A4.
landolti nest spreading in Southern Bahia pastures.

Material and Methods

The experiment was carried out in the period from
July 2011 to April 2012, in the farm “Lagoa de Alagoinhas”,
in the municipality of Itapetinga, Bahia, in Northeastern Bra-
zil. The farm is located at the height of 15°21°S and 40°17°W.
It is a rural area mainly taken by extensive cattle pastures
(Brachiaria sp., Poaceae) with 2.7 ha, having a sub-humid
mean annual rain fall of 867 mm and mean temperature of
and 25.4°C. The area of investigation is part of the geomor-
phological unit known as Depression of Itabuna-Itapetinga,
where the type of greatest distribution is the “Chernossolos
Argiluvicos Orticos”, which correspond to the internal area
of the depression, with soils which are imperfectly drained,
shallow and rarely deeper than 70 cm. This soil also has high
rates of silt and primary minerals (Nacif, 2000).

In order to carry out the research on spatial distribu-
tion, the nests of A. landolti were located, identified with
stacks and geo-referenced by using a GPS (Global Position
System) device. Then, a map was generated with the iden-
tification of each nest. The map was subdivided in samples
of 10 m x 10 m making a total of 270 quadrants of 100 m>.
The data were submitted to an analysis of dispersion rates to
verify which types of spatial distribution of the nests occur
in the area. The indexes of dispersion used were the mean/
variance ratio or index of dispersion (I) and the index of
dispersion of Morisita (I3) (Davis, 1993).

For the description of the external structure, twenty
nests were randomly selected respecting the following cri-
teria: 1) nest activity - verified by means of the presence
of the ants in the entrance holes and the presence of recent
loose soil; 2) all selected nests were observed belonging to a
set of nests locally organized in nucleus. The following nest
characteristics were registered: the measurement of the area
of loosen soil distance, height of the tower of the entrance
hole to the center of the area of loose soil and its diameter.
The amount of loose soil around each nest was collected,
stored in plastic bags, identified and taken to the laboratory
of Animal Biosystematics LBSA/UESB in order to establish
their volumes by using a beaker.

In order to study the internal architecture, the same
nests for which external area was investigated, were exca-
vated by means of the procedure described by Moreira et al.
(2003, 2004 a, b), plus five other nests (adding to a total of
twenty five) selected following the two criteria mentioned
above. The five extra nests were molded with cement. The
excavation started with the opening of a trench, 140 cm long,
80 cm wide and having a depth of 100 cm, with the center of
its side wards border at 25 cm from the entrance hole. After-
wards, by using a compass, and having as a central point the
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centre of the loose soil, the four cardinal points were marked
by the use of fine cords 4 m long, fixed in stacks. The spatial
location of the chambers were determined in relation to the
axes x (East/West) and y (North/South), to the amount of
loose soil as well as to the foraging hole. After applying neu-
tral powder in the foraging hole, by using a manual device,
the excavation was carried out from the entrance hole till
the chambers and channels. The following measures of the
chambers and channels were registered: height, width and
length, position in relation to the axes x and y.

The real volume of each chamber was determined by
using a plastic bag which involved the whole room of the
chamber internally, within which it was injected enough wa-
ter to fill up all the internal space of the chamber, by means
of a beaker. The estimated volume of the chamber was cal-
culated according to the mathematical models of ellipsis and
spherical forms.

In order to make cement mould of the nests, the pro-
cedures described by Moreira et al. (2004 a, b) were adopted.
A mix of 5 kg of cement and 10 L of water was injected, by
means of a funnel, in the nest entrance hole till the saturation
point. After seven days, the nests were excavated and the
measures of the chambers and tunnels were registered. The
mean values and deviation rates were also calculated upon
the data collected.

Results

A total of 701 nests of A. landolti was registered in
the study area (Fig. 1). The obtained Morisita Index (I5) was
1.53, the index of dispersion or mean/variance ratio (I) was
2.39, confirming a contagious distribution (binomial nega-
tive) that characterizes the aggregation of the nests. In each
investigated nest of 4. landolti it was found only one en-
trance tunnel, despite the existence of up to six towers in-
terconnected. The mean height of towers was of 2.1+0.69
cm, with a minimum height of 1.0 cm and a maximum of 4.0
cm, while the mean diameter found was of 1.2+0.3 cm, with
a minimum diameter of 0.7 cm and a maximum of 1.5 cm
(Table 1). The amount of loose soil was registered at a mean
distance of 8.0+4.5 ¢cm from the entrance to the nest tower,
with a minimum distance of 2.0 cm, and a maximum of 20.0
cm. The area of the loose soil measured 472.9+312.5 cm?,
ranging from 116.3 cm? to 1,600.0 cm?, with a mean volume
of 1.4+0.9 L, with variation from 0.3 L to 4.8 L. The nests
had a maximum depth of 78.0 cm and a minimum of 6.0 cm
(Table 2), with mean depth of 33.2421.29 cm and 98% of the
nests being less than 60 cm deep.

In the 25 nests that were excavated, the mean num-
ber of the chambers found was of 4.4+2.0, two nests (8.0%)
having only one chamber and one nest with 11(4.0%) cham-
bers. The most of the nests with 11 (4.0%) have from 3 to
6 chambers (Table 2). The chamber with the smallest depth
was found at 0.5 cm below ground level. Most of the cham-

100m

Figure. 1. Aggregated distribution map of the nests of Acromyrmex
landolti in the study area (2.7 ha) in Itapetinga-BA, Brazil, 2012
(15°21°3.877S / 40°17°29.07"W).

bers were encountered before 20 cm in depth (73.6%), with
33 of them built between 5 and 10 cm. No chamber was
found between 30 and 35 cm of depth, and also between 60
and 70 cm (Fig. 2).

The mean width of the chambers was 6.2+7.2 cm
(1.5-18.0 cm), the mean height 5.1£2.3 cm (1.5-11 cm) and
the mean length 5.7+ 2.8 cm (1.5-17 cm) (Table 2). The big-
gest chamber measured 18.0 cm in width, 10.0 cm in height
and 12.0 cm in length. On the other hand, the smaller cham-
ber measured 1.5 cm long (Table 2).

As for the twenty nests marked with neutral powder,
the maximum depth registered was 58 cm and the cham-
bers found up to 45 cm in depth were full of fungi, brood
and adults. All the chambers located up to 10 cm deep had
eggs, larvae and adult ants and there were empty chambers
only from this depth onwards. The chambers with soil were
found from 25 cm deep onwards, except for the depth inter-
val between 45 ¢cm and 55 cm in depth (Fig. 3). The closest
chambers were connected by tunnels measuring 0.5 cm of
length. We observed that 23% of the chambers had tunnels
with 1.0 cm in length and 44.7% had tunnels measuring up
to 3.0 cm of length. In total 85 tunnels were found connect-
ing chambers (Fig. 4).

There was a great variety of real volume of the cham-
bers, from 19.0 mL to 1,335.38 mL, establishing a standard
deviation larger to its own mean (223 + 295.4). The great-
est similarity of the chambers, in general, occurred with the
spherical form (Table 3). However, considering only the four
nests that were similar based on the number of chambers (21
in total), we observed that other forms of chambers seems to
occur as evidenced by the expressive lack of fit of chamber
geometry to the tested models (sphere or ellipsoid).

As far as the spatial distribution of chambers is con-
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Figure. 2. Frequency of the vertical distribution of the chambers in 25 nests of Acromyrmex landolti (n = 110). Itapetinga, BA, Brazil, 2012.
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Figure 3. Percent (%) average of empty chambers with fungus and soil, and creates adult, 20 nests of Acromyrmex landolti at different depths.

Itapetinga, BA, Brazil, 2012.

cerned, in relation to the axes x and y, the data show that
in the majority of nests the chambers are near the entrance
hole. Furthermore, the same nests had chambers between the
hole and the amount of loose soil, with chambers located be-
fore the foraging hole or even sidewards in relation to such
hole position (Fig. 5).

Discussion

The aggregated spatial distribution of A. landolti
nests found in this research was also verified for 4. balzani
in pastures of Sdo Paulo State, Brazil (Caldato, 2010). Nev-
ertheless, nest distribuition differed from the spatial distribu-
tion of Acromymex spp. nests observed in Argentina, which
followed the Poisson model (Cantarelli et al., 2006).

Several factors influence directly or indirectly the
spatial distribution of ant nests. For instance, the presence
of competitors can be highlighted (Holldobler & Wilson,
1990), habitat complexity, edaphic condition, climate change

(Fowler, 1983) as well as the composition and spatial distri-
bution pattern of the existing vegetation in the nesting area
(Zanetti et al., 2000).

In Acromyrmex striatus Roger, the influence of such
factors is observed in the choice of type of soil by the re-
cently fertilized females during the nest foundation, in the
definition of success and in the abundance of the species.
It was reported a higher density of colonies in areas of ex-
hausted soil than in areas of natural fertile soil (Diehl-Fleig
& Rocha, 1998).

In order to explain the trend towards aggregated dis-
tribution of nests of A. balzani, Mendes et al. (1992) worked
on the hypothesis that there are “marks” of positive condi-
tions derived from the presence of types of grass preferred
by this species, a factor that shows clear influence of vegeta-
tion cover in the spatial distribution of nests.

The same hypothesis can be considered to explain the
aggregation of nests of 4. landolti. In support of this hipoth-
esis we call attentions on the fact that the pastures in the
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Figure 4. Length distribution of tunnels 85 acromyrmex landolti 25 nests in Itapetinga-BA, 2012.

Southwest of Bahia are not very uniform in the “varietal”
composition of grass stands, besides being subject to distur-
bances, such as overgrazzing and regular fires can contribute
to the presence of such “marks” with more adequate vegeta-
tion substrate.

There was a great variety of dimensions in the ex-
ternal structure of nests. It was also confirmed the presence
of an entrance hole in each nest, despite the existence of
nests with up to six interconnected towers, what matches
with other data for A. balzani (Mendes et al., 1992; Andrade,

1991, Pimenta et al., 2007; Silva et al., 2010). The typical
tower found in A. landolti nests, is probably a mechanism
that regulates the temperature and the internal humidity of
the colony, thus protecting the nest entrance against changes
of temperature and other climate factors, and invasion of
predators (Perdomo, 2008).

The distance of the tower to the amount of loose soil
in the nests of 4. landolti was in mean (8.0+4.5 cm) smaller
than the recorded mean for the nests of 4. balzani, in Botu-
catu, Sdo Paulo (Caldato, 2010). Moreover, the mean area
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Figure. 5. Schematic drawing of the boundary area of loose soil, the arrangement of the intake tower and the chambers relative to loose soil
nests of Acromyrmex landolti: NO1 and N16-chambers arranged between the area of loose soil and inlet pipe, N02, N12, N14 and N25 - most
chambers disposed before and sides of the tower. Itapetinga, BA, Brazil, 2012.
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of the loose soil was 472.9£312.5 cm?, ranging from 116.3
cm? to 1,600.0 cm?, with a mean volume of 1.4+0.9 L, with
variation of 0.3 L to 4.8 L.

In a general perspective, comparing our results with
those of Silva et al. (2010), we observe that the area and the
volume of loose soil of the nests of A. landolti are respec-
tively 73% and 52% smaller than those of 4. balzani. Manu-
facturers of bait pesticides use area of loose soil to calculate
the doses of such pesticide to control cutting-ants from 8 to
10g of bait/m? to Atta and of 8 to 10 g/nest to Acromyrmex,
which has smaller nests. Considering that, in mean, the area
of loose soil of A. landolti was of 472.9 cm?, with only one
nest with area greater than 1 m? (N3) (Table 1), the recom-
mendation implies over dosage of the product, leading to
a non-usage of baits or to the return of the dosage to the
amount of loose soil. This could increase the possibilities of
adverse effects on the non-target mirmecofauna.

Nests of A. landolti are less deep in relation to those
of A. balzani, with maximum depth of 78.0 cm, whereas for
A. balzani there are records of nests of up to 210 cm (Silva
etal., 2010), 160 cm (Caldato, 2010), 124 cm (Mendes et al.,
1992), 95 cm (Pimenta et al., 2007) and 60 cm (Gongalves,
1961) of depth. Similarly, the nests of 4. landolti have their
first chamber almost at the same level of the ground (from
1.5 to 9 cm deep in the soil), whereas in the case of 4. bal-
zani, the depth of the first chamber ranges from 4.0 (Caldato,
2010) to 30 cm (Silva et al., 2010), suggesting that the upper
chamber of the nest is more superficial in the former spe-
cies.

The highest frequency of the chambers was registered
in the first 20 cm of depth (Fig. 2), and chambers between
30 and 35 cm were not found. Between 60 and 65 cm and 65
to 70 cm, just one record since 98% of the nests presented
depth inferior to 60 cm. The differences between the two
species may be due to the specific preferences in edaphocli-
matic conditions according to their nesting habits (Forti et
al., 2011), and to distinct local conditions for nesting in the
study areas above cited.

In nests of leaf-cutting ants, the number of cham-
bers, as well as its occupation, varies as a function of many
factors, such as age of the nest, site of nest construction,
among others. It is possible that there exists a pattern for
internal architecture of 4. landolti nests, with three to six
chambers, since 88% of excavated nests had in mean, 2.3
chambers (Soares et al., 2006), while for A. balzani there
are records varying from 3 to 6 and from 3 to 14 chambers
with an mean of 8.6 chambers per nest (Silva et al., 2010).
Caldato (2010) registered the polydomy in 4. balzani calling
each unit of a nest of a subnest, totaling, in some cases, eight
subnests and until 33 chambers in a single nest. Considering
the close phylogenetic relationships between 4. balzani and
A. landolti, the hypothesis of polydomy nest must be inves-
tigated for 4. landolti.

It was observed that three of the studied nests of 4.

landolti had chambers interconnected between them by tun-
nels distinct of the vertical one. This suggests that this ant
has a relative plasticity in the architecture of its nests, build-
ing structures adapted to provide better conditions for the
colony. This result differs from other ones relative to sev-
eral Acromyrmex species that were reported to have nests
with a unique vertical tunnel that interconnect the chambers
(Weber, 1972; Mendes, 1990; Soares et al., 2006; Caldato,
2010).

The differences in nest chamber dimensions show the
inexistence of a pattern, the same result found for nests of 4.
balzani located in Bahia (Silva et al., 2010), Sdo Paulo and
Rio Grande do Sul (Gongalves, 1961), Minas Gerais (Men-
des et al., 1992) and Goias (Pimenta et al., 2007).

Regarding the occupation of the chambers, those with
fungi, eggs, pupas and adults were found up to 30 cm deep
(Fig. 3), while chambers containing soil where noted below
25 cm. No chamber containing trash was observed since this
ant deposits the trash out of the nest, near the amount of
loose soil. This result is in agreement with Caldato (2010)
for A. balzani, which presented the biggest amount of cham-
bers in the first 30 cm, with predominance of fungi.

The volume of the nest chambers of Acromyrmex is
very variable, not only within a species but also between
species. In our study we found chambers of A. landolti with
a minimum volume of 19 mL (Nest 10) and maximum of
1,335 ml (Nest 18), with mean of 91.5£65.0 ml (N10) and
509.3+436.9 ml (N18). Silva et al., (2010), for A. balzani,
with registers of bigger mean volume of 205.5+142.1 ml,
with bigger volume 25 ml and smaller 31 ml. Mendes et al.
(1992), for the same species, estimated a volume of 910.1
ml, in mean, whereas Pimenta et al. (2007) recorded 1435.8
ml for the bigger and 3.6 ml for the smaller chamber of 4.
balzani, resulting in a great difference in bigger volumes as
well as for A. landolti.

It was not possible to establish a pattern for the cham-
bers of 4. landolti based on the tested models (sphere and
ellipsoid) since the relationship among real values and esti-
mated ones were distant in 1.0 ml in the majority of cases.
Many authors consider the ellipsoid form as the most com-
mon one for A. balzani (Mendes et al., 1992; Pimenta et al.,
2007; Poderoso et al., 2009; Silva et al., 2010). However, by
observing the data presented for 21 chambers of 4 nests only
42,9% of the chambers presented similarity to the spherical
form, characterizing the fact that other forms of chambers
were found that are not adjusted to the models compared,
therefore not allowing a possible estimate of a pattern.

For most of the nests of 4. landolti, the chambers are
located between the foraging hole and the amount of loose
soil (NO1 and N16 of in Fig. 5) or in the proximity of the
foraging hole. However, it was observed the ocurrence of
chambers radially distributed from the principal tunnel that
presents an inclined orientation (NO2 in Figure 5) or situated
before and laterally in relation to the entrance tunnel (N12,
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Table 1. Distance from tower to loose soil (cm), tower height (cm), tower diameter (cm), loose soil area (cm?) and volume of loose soil (L) in
twenty nests of Acromyrmex landolti. Itapetinga, BA, Brazil, 2012.

DISTANCE FROM TOWER TO

Nests oot son. (o) Tower nEiGuT (CM) Tower DIAMETER (M) LoosE sor. rEA (cv?) VoLume o Loost sorL. (L)
NI 09.5 15 15 432.0 13
N2 06.0 2.0 1.5 308.0 0.9
N3 06.0 2.0 1.0 1600.0 4.8
N4 10.0 15 13 300.0 1.0
N5 06.0 2.0 1.0 493.0 1.5
N6 06.0 25 1.0 608.0 1.8
N7 04.0 15 1.0 558.0 1.7
N8 04.0 2.0 1.5 441.0 13
N9 04.0 1.0 1.0 425.0 13
N10 08.5 2.5 1.5 720.0 22
N1l 07.0 2.0 13 429.0 13
N12 17.0 2.0 1.0 116.3 03
N13 20.0 3.0 1.0 476.0 1.5
N14 05.0 25 15 180.0 0.5
N15 05.0 1.5 0.8 496.0 1.5
N16 12.0 4.0 1.5 198.0 0.6
N17 08.0 25 15 440.0 1.3
N18 12.0 3.0 1.0 700.0 2.1
N19 02.0 15 0.8 200.0 0.7
N20 07.0 20 0.7 338.0 12

Meax 08.0 2.1 12 4729 1.4
STANDARD DEVIATION 04.5 0.7 0.3 3125 0.9
Minivom 02.0 15 0.7 116.3 0.3
Maxivum 20.0 4.0 15 1600.0 4.8

Table 2. Mean, standard deviation (S), maximum (Max.) and minimum (Min.) of chamber dimensions (width, height and length), and depth
of nests of Acromyrmex landolti. Itapetinga, BA, Brazil, 2012.

WIDTH (cm) HEIGHT (cm) LENGTH (cm)

Nests Depru (cm) Numser oF CHAMBERS
Mean S Max. M. Mean S Max. M. Mean S Max. M.
N1 58 4 6.1 1.8 7.0 35 6.5 2.5 9.0 3.0 6.6 2.3 9.0 3.5
N2 40 5 5.4 2.3 8.0 3.0 3.4 0.9 5.0 3.0 6.5 2.5 9.0 35
N3 36 3 9.7 3.5 13.0 6.0 6.7 2.5 9.0 4.0 9.7 2.1 12.0 8.0
N4 58 6 4.8 1.2 7.0 35 4.0 1.3 6.0 2.5 5.1 2.0 7.5 25
N5 21 6 5.1 1.6 7.0 35 33 0.6 4.0 2.5 4.7 2.8 8.5 2.5
N6 23 4 6.5 25 100 4.0 5.8 2.6 8.0 3.0 5.0 1.8 7.0 3.0
N7 7 1 8.0 - 8.0 8.0 8.0 - 8.0 8.0 10.0 - 10.0 10.0
N8 8 1 7.0 - 7.0 7.0 8.0 - 8.0 8.0 9.0 - 9.0 9.0
N9 18 4 53 1.7 7.0 3.0 4.6 22 7.0 25 6.1 1.3 7.5 5.0
N10 50 4 5.5 29 9.0 2.0 4.0 1.7 5.0 1.5 5.1 1.7 7.0 35
NI11 18 6 49 22 9.0 3.0 3.7 2.1 7.0 2.0 45 2.5 9.0 2.0
N12 42 11 4.8 1.5 8.0 3.0 4.0 1.0 5.0 2.0 44 1.4 6.0 1.5
N13 8 6 53 3.1 10.0 1.5 52 32 9.0 2.0 5.6 35 10.0 2.0
N14 16 3 6.2 2.5 9.0 4.5 6.7 2.1 9.0 5.0 5.8 23 8.0 35
N15 27 3 52 0.8 6.0 4.5 4.8 2.0 7.0 3.0 6.3 1.2 7.0 5.0
N16 6 3 7.3 45 120 3.0 6.0 3.6 10.0 3.0 4.7 3.1 8.0 2.0
N17 19 3 6.8 23 9.0 4.5 72 28 100 4.5 8.7 35 12.0 5.0
N18 30 6 8.0 1.4 100 6.0 6.5 24 11.0 4.0 9.0 4.4 17.0 5.0
N19 14 3 5.8 33 9.0 2.5 42 1.4 5.0 2.5 53 3.1 8.0 2.0
N20 23 6 5.7 1.5 7.0 3.0 49 1.7 6.0 2.5 5.8 23 8.0 2.0
N21 45 4 53 1.6 7.0 3.5 55 2.0 8.0 3.5 4.1 0.6 5.0 3.5
N22 78 3 4.7 0.6 5.0 4.0 4.8 1.0 6.0 4.0 33 0.6 4.0 3.0
N23 74 6 6.0 38 11.0 1.5 5.5 3.1 10.0 2.0 42 2.6 8.5 1.5
N24 56 4 6.8 46 120 2.0 6.6 34 110 3.0 5.6 3.7 10.0 1.5
N25 55 5 9.4 52  18.0 5.0 7.4 1.8 10,0 5.0 6.9 32 12.0 35
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Table 3. Real and Estimated volume (ml) by geometric similarity of the sphere and ellipsoid and the relationship between real and estimated
volume (V1/V2 and V1/V3), mean, standard deviation (S), maximum (Max.) and minimum (Min.) four nests of Acromyrmex landolti. Itapet-
inga, BA, Brazil, 2012.

Nest CHAMBERS Vorume or ReaL cHamBers (V1) Evuesom voLume (V2)  Seuere Vorume (V3) V1/vV2 V1/V3

N2 1 141 75.4 95.3 1.9 1.5
2 289 99 133 2.9 2.2

3 218 167.6 179.6 1.3 1.2

4 34 16.5 16.6 2.1 2.0

5 47 18.8 19.4 2.5 2.4

Mean 145.8 75.5 88.8 2.1 1.6

S 109.5 62.7 71.2 0.6 1.5

MaxiMum 289 167.6 179.6 2.9 1.6

Mmimum 34 16.5 16.6 1.3 2.0

NS5 1 32 13.1 14.1 2.4 2.3
2 30 13.7 14.1 2.2 2.1

3 40 18.8 19.4 2.1 2.1

4 196 124.6 143.8 1.6 1.4

5 183 117.3 133 1.6 1.4

6 51 27.5 29.5 1.9 1.7

MEan 88.7 52.5 59 2 1.5

S 78.6 533 61.9 0.4 1.3

Maximum 196 124.6 143.8 2.4 1.4

Mmimum 30 13.1 14.1 1.6 2.1

N10 1 96 62.8 65.4 1.5 1.5
2 176 148.4 167.1 1.2 1.1

3 19 5.5 6.7 3.5 2.8

4 75 78.5 79.4 1 0.9

Mean 91.5 73.8 79.7 0.6 1.1

S 65 58.8 66.3 1.1 1.0

MaxiMum 176 148.4 167.1 3.5 1.1

Mmimum 19 55 6.7 1 2.8

N18 1 172 91.6 95.3 1.9 1.8
2 660 345.6 381.7 1.9 1.7

3 1335 881.2 982.3 1.5 1.4

4 300 131.9 133 2.3 2.3

5 284 117.3 133 2.4 2.1

6 305 201.1 206.5 1.5 1.5

MEan 509.3 294.8 322 1.9 1.6

S 436.9 301.5 3393 0.4 1.3

MaxiMum 1335 881.2 982.3 2.4 1.4

Mmnmvum 172 91.6 95.3 1.5 1.8
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N14 e N25 in Figure 5), similarly to the result of Soares et
al. (2006) on A. rugosus rugosus. In A. balzani, there seems
to have a pattern of spatial distribution of the chambers be-
cause they are located between the tower projections and
the amount of loose soil, overlapping and connected by only
one vertical channel (Gongalves 1961; Pimenta et al., 2007,
Caldato, 2010).

The research about morphometrics of the nests of 4.
landolti, showed that this species can alter the form of its
nest constructions, maybe as an adaptation to local edapho-
climatic conditions or as a response to the age of the colony.
It is also possible to draw a hypothesis of the effect of the
edaphic conditions of the study area classified as “Chernos-
solo Argilavico Ortico” and characterized by its short depth,
rarely being further than 70 cm, presenting a bad draining
system, having high levels of silt and rich in primary min-
erals (Nacif, 2000). This could have been the most impor-
tant factor determining the charateristics of 4. landolti nest
structure.

Overall the data obtained show that the spatial distri-
bution of 4. landolti is of the aggregated type. The external
nest architecture of 4. landolti and A. balzani are very simi-
lar, since both of them have a typical tower surrounding the
entrance with an amount of loose soil in the vicinity, making
this a pattern. However, nests of 4. landolti in its external
and internal structures have dimensions different from other
ant species of the same genus. Acromyrmex balzani differs
by having smaller size in several structural parts of the nest
and less depth for nesting. Also, these two species differ be-
cause A. landolti presents an internal architectural pattern
relatively variable and distinct, with an opening tunnel that
may bifurcate and connect more than two chambers. How-
ever, there is a similarity between their nests because they
have a number of chambers relatively low.

Acknowledgments

We thank the Coordenac¢do de Aperfeicoamento de
Pessoal de Nivel Superior — CAPES, Universidade Estadual
do Sudoeste da Bahia - UESB/ Programa de P6s-Graduagado
em Agronomia and Lagoa de Alagoinhas Farm. Two anony-
mous reviewers contributed to improve the initial version of
this article.

References

Amante, E. 1967a. Sativa tira boi da pastagem. Coopercotia,
23: 38-40.

Amante, E. 1967b. A satva Atta capiguara, praga das pasta-
gens. Instrugdes Praticas - DPA, 41, 12p.

Andrade, M.L. 1991. Bionomia e Distribui¢ao Geografica do
Género Acromyrmex Mayr, 1865 (Hymenoptera: Formicidae)
no Estado de Sao Paulo, Brasil. Master Degree Thesis. Facul-
dade de Ciéncias Agrondmicas, UNESP, Botucatu, 120 p.

Bolton, B., G. Alpert, P.S. Ward & P. Naskrecki (Eds.). 2006.
Bolton’s catalogue of ants of the world. 1758-2005. Cam-
bridge: Harvard University Press, CD-ROM.

Brandao, C.R.F., A. Mayhé-Nunes & C.E.D Sanhudo. 2011.
Taxonomia e Filogenia das Formigas-Cortadeiras. In: Della
Lucia, T.M.C. Formigas Cortadeiras - da Biologia ao Mane-
jo. Vigosa, MG: Ed. UFV, p. 27-48.

Caldato, N. 2010. Biologia de Acromyrmex balzani Emery,
1890 (Hymenoptera, Formicidae). Master Degree Disserta-
tion. Faculdade de Ciéncias Agrondmicas, UNESP, Botu-
catu, 92 p.

Caldeira, M.C., R. Zanetti, J.C. Morais & J.C. Zanuncio.
2005. Distribui¢do espacial de sauveiros (Hymenoptera: For-
micidae) em eucaliptais. Cerne, 11: 34-39.

Cantarelli, E.B, E.C. Costa, R. Zanetti & R. Pezzutti. 2006.
Plano de amostragem de Acromyrmex spp. (Hymenoptera:
Formicidae) em areas de pré-plantio de Pinus spp. Ciénc.
Rural, 36: 385-390.

Davis, P.M. 1993. Statistics for describing populations. p. 33-
54. In: Pedigo L, Buntin G. D. Handbook of sampling meth-
ods for arthropods in agriculture. Boca Raton, CRC Press,
714p.

Diehl-Fleig, E. & E.S. Rocha. 1998. Escolha de Solo por
Fémeas de Acromyrmex striatus (Roger) (Hymenoptera: For-
micidae) para Constru¢do do Ninho. An. Soc. Ent. Brasil.,
27(1): 41-45.

Espina, E.R. & A. Timaure, 1977. Caracteristicas de los ni-
dos de Acromyrmex landolti (Forel) en el oeste de Venezuela.
Rev. Facult. Agron., 4(1): 53-62.

Forti, L.C., A.A. Moreira, A.P.P Andrade, M.A. Castellani

& N. Caldato. 2011. Nidifica¢do e Arquitetura de Ninhos de
Formigas-Cortadeiras. p.102-125, In: Della Lucia, T.M.C.
Formigas-Cortadeiras da Bioecologia ao Manejo. Vigosa:
Ed. UFV.

Fowler, H.G. & S.W. Robinson. 1977. Foraging and grass
selection by the grass-cutting ant Acromyrmex landolti frac-
ticornis (Forel) (Hymenoptera: Formicidadae) in habitats of
introduced forage grasses in Paraguay. Bull. Entomol. Res.,
67: 659-666.

Fowler, H.G. 1983. Distribution patterns of Paraguayan leaf-
cutting (Atta and Acromyrmex) (Formicidae: Attini). Stud.
Neotrop. Fauna Environ., 18: 121-138.

Fowler, H.G. 1988. Taxa of the Neotropical ants, Acromyrmex
(Moellerius) (Hymenoptera: Formicidae: Attini). Cientifica,
16: 281-296.

Gongalves, C.R. 1961. O género Acromyrmex no Brasil (Hy-
menoptera, Formicidae). Studia Entomol., 4: 113-180.

Gongalves, C.R. 1967. As formigas cortadeiras da Amazonia,
dos géneros Atta Fabricius (1804) e Acromyrmex Mayr



Sociobiology 60(1): 20-29 (2013)

29

(1865) (Hymenoptera: Formicidae). Simpdsio Sobre a Biota
Amazonica. Atlas 5: 181-202.

Holldobler, B. & E.O. Wilson. 1990. The Ants. Cambridge:
Harvard University Press, 732 p.

Labrador, J.R., Q.I.J. Martinez & A. Mora. 1972. Acromyrmex
landolti Forel, plaga del pasto Guinea (Panicum maximun)
en el Estado Zulia. Rev. Facult. Agron., 2(2): 27-38.

Lewis, T. 1975. Colony size, density and distributions of the
leaf-cutting ant Acromyrmex octospinosus (Reich) (Formi-
cidae: Attini) in cultivated fields. Trans. R. Entomol. Soc.
Lond., 127: 51-64.

Mariconi, F.A.M, A.P.L.Zamith, U.P. Castro & S. Joly. 1963.
Nova contribuigdo para o conhecimento das sativas de Piraci-
caba (Atta spp.) (Hymenoptera: Formicidae). Rev. Agric., 38:
86-93.

Mendes, W.B.A., J.A.H. Freire, M.C. Loureiro, S.B. Noguei-
ra, E.F. Vilela & T.M.C. Della Lucia. 1992. Aspectos ecologi-
cos de Acromyrmex (Moellerius) balzani (Emery, 1890) (For-
micidae: Attini) no municipio de Sdo Geraldo, Minas Gerais.
An. Soc. Entomol. Bras., 21: 155-168.

Moreira, A.A., L.C. Forti, M.A.C. Boaretto, A.P.P Andrade &
M.N. Rossi. 2003. Substrate distribution in fungus chambers
in nests of Atta bisphaerica Forel, 1908 (Hymenoptera: For-
micidae). J. Appl. Entomol., 127: 96-98.

Moreira, A.A., L.C Forti, A.P.P. Andrade, A.P.P., M.A.C.
Boaretto & J.F.S. Lopes 2004a. Nest Architecture of Atta
laevigata (F. Smith, 1858) (Hymenoptera: Formicidae). Stud.
Neotrop. Fauna Environ., 3: 109-116.

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

Nacif, P.G.S. 2000. Ambientes naturais da Bacia Hidrogra-
fica do Rio Cachoeira com énfase aos dominios pedologi-
cos. Master Degree Thesis. Universidade Federal de Vigosa,
Vigosa, 185 p.

Passera, L. & S. Aron. 2005. Les Fourmis. Comportement,

organisation sociale et évolution. Canada, Ottawa: Les press-
es Scientifiques du CNRC. 480p.

Perdomo, M.H. 2008. Ecologia de Atta insularis Guérin
(Insecta: Formicidae) em uma pastagem de Leucaena leuco-
cephala (Fabacea) ¢ Panicum maximum (Poaceae) em San
José de Las Lajas, Cuba. Master Degree Dissertation. Uni-
versidade Federal de Santa Catarina, Florianopolis, 110p.

Pimenta, L.B., M.S. Aratjo, R. Lima, J.M.S. Silva & V.G.O.
Naves. 2007. Dinamica de forrageamento ¢ caracterizacio
de coldnias de Acromyrmex balzani (Emery, 1890) (Hy-
menoptera: Formicidae) em ambiente de cerrado goiano.
Revista Cientifica Eletronica de Engenharia Florestal - Pub-
licag@o Cientifica da Faculdade de Agronomia e Engenharia
Florestal de Garga. 09, 12p.

Poderoso, J.C.M., G.T. Ribeiro, G.B. Gongalves, P.D. Men-
donga, R.A. Polanczyk, R. Zanetti, J.E. Serrdo & J.C. Zanu-
cio. 2009. Nest and foraging characteristics of Acromyrmex
landolti balzani (Hymenoptera: Formicidae) in Northeast
Brazil. Sociobiology 54: 361-371.

Silva, K.S., M.A. Castellani, L.C. Forti, A.A. Moreira, O.L.
Lemos, R.C.S. Carneiro, C. Khouri & A.E.L. Ribeiro. 2010.
Arquitetura de ninhos de Acromyrmex (Moellerius) balzani
(Formicidae: Myrmicini: Attini) em pastagem na regido su-
doeste da Bahia. Pesq. Aplic. & Agrotecnol., 3: 99-106.

Soares, LM.F., TM.C. Della Lucia, A.A. Santos, I.C. Nasci-
mento & J.H.C. Delabie. 2006. Caracteriza¢do de ninhos e
tamanho de colonia de Acromyrmex rugosus (F.Smith) (Hy-
menoptera, Formicidae, Attini) em restingas de Ilhéus, BA,
Brasil. Rev. Bras. Entomol., 50: 128-130.

Weber, N.A. 1972. Gardening ants: The Attines. American
Philosophical Society, 92, 146p.

Wilson, E.O. & B. Hoélldobler. 2005. The rise of the ants: a
phylogenetic and ecological explanation. Proc. Natl. Acad.
Sci., 102: 7411-7414.

Zanetti, R.; E.F. Vilela, J.C. Zanuncio, H.G. Leite & G.D.
Freitas. 2000. Influéncia da espécie cultivada e da vegetacao

nativa circundante na densidade de sauveiros em eucaliptais.
Pesq. Agropec. Bras., 35: 1911-1918.




