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ABSTRACT ARTICLE HISTORY
Acromyrmex balzani is a grass-cutting ant species frequently found Received 21 September 2015
in Cerrado areas. However, little is known about the architecture of Accepted 9 March 2016
the polydomous nests of this ant. Fifteen A. balzani nests located ~ ©nline 11 April 2016

in a cerrado region in Botucatu, Sdo Paulo, Brazil, were studied. KEYWORDS
The polydomous nests were studied in three ways. First, we inves- Grass-cutting ants; nest;
tigated the architecture in nests moulded with cement and with- social insects

out moulding. Second, we performed an aggressiveness test
among workers in different subnests and nests. Third, we exca-
vated the nest and collected the colony to measure the popula-
tion, verifying the existence or not of a queen in all nests. A
cement mould was made of seven nests to permit better visualiza-
tion of internal structures such as chambers and tunnels. Eight
nests were excavated without moulding and white neutral talc
was used to highlight the parts of the nests. After excavation, the
depth and dimensions (length, width and height) of the chambers
were measured. The results showed that the nests had a single
entrance hole whose structure consisted of straw and other plant
residues in winter. Mounds of loose soil, if present, were found 6-
48 cm from the hole. The number of chambers containing fungus
ranged from one to five, with the first being found a few centi-
metres beneath the ground surface (4 cm) and the last up to a
maximum depth of 160 cm. The length of the tunnels ranged from
12 to 28 cm. These tunnels were built in a vertical or inclined
position, leading to the chambers. No waste chambers were
found, with the waste being deposited externally. Additionally,
the polydomous nests contained one to eight subnests. In the
aggressiveness test, when concolonial workers were confronted,
no aggressiveness was observed. In contrast, when allocolonial
workers were confronted, there was a high incidence of aggres-
sion among them. Excavation of polydomous nests showed only
one queen for each polydomous nest, i.e. subnests with a single
queen. Our study contributes to a better understanding of the so
far unknown nest architecture of the polydomous grass-cutting
ant A. balzani.
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Introduction

Nest architecture is an important factor for the development of ant colonies and is
specific for each species. The nests can be less elaborate such as those above ground, or
more complex such as underground or arboreal nests (Holldobler and Wilson 1990). Atta
and Acromyrmex have the most elaborate nests; however, these nests are different and
vary in morphology and size between the two genera and even between species of the
same genus. For example, the nests vary in terms of their internal complexity and are
larger, reaching on average 8 million individuals and up to 7 m in depth in Atta species.
The number of chambers ranges from hundreds to thousands and mounds of loose soil
are always found on the ground surface (Weber 1972; Fowler et al. 1986; Della Lucia and
Moreira 1993; Moreira et al. 2004a, 2004b).

In contrast, the nests of Acromyrmex species are smaller, with an average of 175,565
individuals. Underground nests can reach a depth of 5 m. The number of chambers
ranges from 1 to 26. Some species make above-ground nests covered with straw and
plant residues, while others build underground nests that can be covered with loose soil
or are sometimes inconspicuous (Gongalves 1961, 1964; Pereira-da-Silva et al. 1981;
Navarro and Jaffé 1985; Della Lucia and Moreira 1993; Andrade 2002; Forti et al. 2006;
Verza et al. 2007).

The main structural function of a nest is to protect the queen, offspring and adults
from natural enemies and other dangers, in addition to providing appropriate microcli-
matic conditions for maintenance of the colony and cultivation of the symbiotic fungus
in the case of ants of the tribe Attini (Roces and Kleineidam 2000; Bollazzi and Roces
2002; Moreira et al. 2004a, 2004b).

The type of deposition of loose soil and the ventilation system of the nest guarantee
the high internal humidity of the chambers (90%) observed in Atta vollenweideri nests
located in open areas (Kleineidam and Roces 2000). The volume of loose soil is another
important characteristic in the study of colony architecture, but has been undervalued
by researchers. According to the studies of Tschinkel (1987, 1999a, 1999b, 2003, 2005),
Mikheyev and Tschinkel (2004) and Moreira et al. (2004a, 2004b), the internal architec-
ture of ant nests comprises two basic elements: vertical shafts and horizontal chambers.
Variations in the shape, size, number and arrangement of the basic elements result in
the typical architecture of different species. Observations made by Sudd (1982) highlight
the important function of these constructions not only in ant nests, but also in nests of
other social insects, to protect their descendants and queen from natural enemies and
other dangers, to control the distribution of food between descendants, and to regulate
the microclimate.

The nests of Acromyrmex balzani are small and consist of two to four interconnected
underground chambers. The connection with the surface is made through a vertical
shaft. The fungus grows on grossly chopped pieces of grass that measure 2-5 mm in
length (Gongalves 1961). The first fungus chamber is found at a depth of approximately
5 cm, whereas the second is located at a depth of 10-20 cm and the third at a depth of
35-60 cm. The queen of this species generally occupies the last fungus chamber, which
measures about 10 cm in diameter and 6 cm in height. The population of the nest is
small and consists of a small number of adult workers (Goncalves 1961). Externally,
A. balzani nests exhibit simple straw tubes about 20 cm from the entrance and a mound
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of excavated soil resembling half the crater of a leaf-cutting ant nest. Others have a
mound of loose soil forming a semi-circle on the side of the entrance (Goncalves 1961).
With respect to excavation, ant nests have been little investigated and most studies only
describe the structure of the nests and provide little information about their architecture
(Tschinkel 2004). However, it is known that some species are polydomous, i.e. colonies
live in physically separated yet socially connected subnests (Holldobler and Wilson
1990).

In more detailed descriptions of insect nests, some authors have used internal
moulding techniques with dental plaster, zinc and aluminium and other methods of
reconstitution (Tschinkel 2003, 2004, 2005; Mikheyev and Tschinkel 2004; Halley et al.
2005; Moser 2006). However, particularly in the case of leaf-cutting ants, the technique
most widely used for nest reconstruction is cement moulding, in which a mixture of
cement and water is poured into the entrance holes of the nest. This technique has been
used for Atta (Jacoby 1935, 1950; Moreira et al. 2004a, 2004b) and was described for the
first time by Verza et al. (2007) for nests of Acromyrmex rugosus rugosus.

Although several studies have investigated the nest architecture of leaf-cutting ants,
addressing external and internal structures, little is known about these structures in
species of the genus Acromyrmex. Therefore, the objective of the present study was to
provide a detailed description of the architecture of the polydomous nests of the grass-
cutting ant, Acromyrmex balzani, using excavation and cement moulding. In addition, we
performed an aggressiveness test among workers in different subnests and polydomous
nests and, we excavated the nest and collected the colony to measure the population,
verifying the existence, or not, of a queen in all nests.

Material and methods
Acromyrmex balzani nests

For this architectural study, 15 A. balzani nests containing subnests were moulded and
excavated. The nests differed in terms of the size of the area of loose soil and diameter
of the entrance hole. Some nests were moulded using cement, which permitted a better
visualization of internal structures such as chambers and tunnels. Other nests were
excavated without moulding and the structures of these nests were highlighted with
white neutral talc. The experimental area chosen for the excavations was the Fazenda
Santana, located near Fazenda Lageado, Unesp-FCA, Botucatu, SP, Brazil (22°53'09" S; 48°
26'42" W). The excavations were conducted between December 2008 and December
2009.

The external and internal structures of the nests were evaluated, as well as the
deposition of loose soil, diameter of the entrance holes, dimension of the nest and
nesting.

Excavation technique

The nests were excavated by opening a small trench around the nest, digging from the
outside to the inside and getting deeper according to the appearance of chambers.
Once the chambers were found, white neutral talc was sprinkled for better visualization.
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The chambers were counted, photographed and their depth beneath the ground sur-
face, length, height and width were measured.

Some nests were moulded with cement for better visualization of their structures,
facilitating the study of nest architecture. For moulding, a mixture of cement and water
at a proportion of 2 : 10 (kg/l) was pumped into the holes of each nest using a method
modified from Jacoby (1935), Moreira (1996, 2001), and Verza et al. (2007).

The nests were excavated 1 week after they had been filled with cement using
small manual tools to avoid destruction of the nests. After excavation, the nests were
photographed and the following measurements of the chambers and tunnels were
obtained: dimension (width, height and length) and depth beneath the ground sur-
face. The mean, standard deviation and range of the chamber and tunnel measures
were calculated.

Aggressiveness test

Aggressiveness tests were conducted among workers of polydomous nest, i.e. several
subnests (concolonial) and among workers of different polydomous nests (allocolo-
nial). We used five polydomous nests, which were subsequently excavated. The
hypothesis is that there is no aggression among workers of subnests, i.e. a polydo-
mous nest.

We observed the behaviour of three workers, when the workers were confronted.
These workers were placed in an arena (pot) 125 ml, 6 cm wide and 5 c¢m, internally
coated with a FLUON band (polytetrafluoroethylene — liquid slip) to prevent the ants
leaving the pot bottom. Three replicates were made for each observation for a period of
5 minutes each. According to Ichinose et al. (2007), levels of aggression between
different nests workers can vary from just opening the jaws or holding the legs of
another worker with a jaw to more aggressive action, such as biting the head of another
worker until death. In this study, we analysed only if there was aggression among nests
or not. Hence the parameters analysed were:

(1) Not aggressive — workers only touched the antennae in an act of recognition.
(2) Aggressive — workers opened their jaws as a repellent act to another worker either
to bite the other’s head or to the death of one of them.

After all tests, nests were excavated to confirm the presence of one or more queens.
A chi-square test was applied to the results, where at HO the proportions were equal
between the observed and expected, with a = 5%.

Determination of colony population

Five polydomous nests were excavated to check for one or more queens, as well as the
determination of the colony population. For this purpose, the contents of each nest
were immediately weighed and sacrificed by freezing in a common freezer, to prevent
the eggs from being destroyed. The entire nest population was measured by counting,
using a stereoscopic microscope. We used a simple linear regression for fungus volume
and number of workers and colony population.
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Results
External architecture

The A. balzani colonies possessed several underground subnests, which were relatively
small for the genus Acromyrmex. The subnests consisted of few chambers. Externally, the
subnests had only one irregular entrance on the ground, which had a diameter of 1.0-
2.5 cm (Table 1).

In the warmer months of the year (January and February), loose soil removed from
the tunnels and galleries was observed near the entrance hole, forming mounds of soil.
Only one entrance hole was observed in the other months of the year in each subnest,
with or without a straw tube at the entrance (Figure 1).

The distance from the hole of deposition of the loose soil, if present, ranged from 6 to
48 cm (Table 1). The mean length, width and height of the mounds of loose soil
observed around A. balzani nests were 10.1, 8.3 and 2.2 cm, respectively (Table 1).

Internal architecture

The chambers overlapped and arranged vertically and were connected by a single shaft.
The chambers had a round or oval shape and irregular contours and the internal part
was sometimes smooth. The chambers varied in terms of height (2-13 c¢cm), width (3-
15 cm) and length (4.5-14 cm) and variations were observed between nests (Table 2).
The length of the chambers could not be measured in nests moulded with cement. The
depth of the chambers beneath the ground surface also varied, ranging from 4 to 26 cm
for the first chamber and from 30 to 160 cm for the last chamber.

Table 1. Number and dimensions (mean) of the external structures of Acromyrmex balzani nests
moulded with cement.

Hole Distance between mound
Length of mound  Width of mound Height of mound diameter  of loose soil and entrance

Nest  Subnest of loose soil (cm) of loose soil (cm) of loose soil (cm) (cm) (cm)
1 1 20 16.2 35 13 10
2 1 20 16 4 25 14

2 21 12 5 24 48
3 1 8 17 25 0.7 32

2 17 14 3.8 1.2 13

3 23 14 2.8 0.9 30
4 1 18.2 14.3 47 1.2 14.8
5 1 103 10.4 53 1.1 35
6 1 0 0 0 0.7 10

2 0 0 0 12 0

3 0 0 0 1 "

4 0 0 0 13 6

5 0 0 0 1 6

6 0 0 0 0.5 10.5

7 16 14.5 35 2 0

8 0 0 0 0.9 20
7 1 18 12 2 13 20
Total 171.5 140.4 371 21.2 280.3
Mean 10.1 83 2.2 1.2 16.5
SD 9.39 7.3 2.05 0.56 63.45

SD: standard deviation.
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Figure 1. External view of Acromyrmex balzani nests. (A, B) Distance between the holes and mound
of loose soil. (C, D) Nests without an exposed mound of loose soil. Scale: 40 cm.

The number of chambers per subnest ranged from two to five (Table 2). The tunnels
were cylindrical, regular and short, with their length (4.0-135.0 cm) and width (0.6
2.5 ¢cm) varying between chambers. The mean length and width of the tunnels are
shown in Table 3. Only the last tunnel, which led to the last chamber, was generally
longer (Table 4).

There was a small first tunnel between the entrance hole and first chamber, which
was generally short and wider than the other tunnels (2.5 cm). This tunnel was linked to
the first fungus chamber, which was located immediately beneath the entrance hole. All
excavated nests were not very deep, ranging from 30 to 160 cm in depth (Figure 2). The
nests moulded with cement did not contain internal lateral shafts connecting one
subnest to the other.

Nesting and waste deposition

The subnests of the same colony occurred close to each other (0.92-4.12 m), but the
distance between one colony and another was greater, reaching 8.1 m. The nests were
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Table 2. Number and dimensions (mean, standard deviation and range) of the chambers and
maximum depth of Acromyrmex balzani nests moulded with cement.

Depth beneath ground Total Total
surface (cm) Height (cm) Width (cm) nest number of
No. of depth  chambers
Nest Subnest chambers Mean = SD Range Mean + SD Range Mean + SD Range (cm)  per nest
1 1.1 2 19.8 £ 13.1  10.5-29 55+ 21 4-7 78+ 18 6.5-155 46 2
2 2.1 3 257 £ 123 12-36 85+43 45-13 82+28 55-11 49
2.2 3 327 £ 311 12-36 50+ 26 4.5-13 63 +23 55-11 78 6
3 31 5 199 £ 168 8-140 104 +£19 8-25 11.0+27 85-15 143
32 3 10.1 £16.0 9-120 90+26 6-11 63+ 2.1 6-10 1.30 1
33 3 16.7 £ 17.7 13-120 8713 7.5-10 9.0 £ 4.0 5-13 135
4 4.1 3 262 + 16.2 12.5-44 50=x26 3-8 6.7 £1.2 6-8 49.5 3
5 5.1 2 223 £ 138 12.5-32 40+ 0 4-4 75 %35 5-10 41 2
6 6.1 4 26.1 + 21.7 6.5-55 55+26 2-8 70+ 29 4-10 20
6.2 4 275+ 163 13-48 7310 6-8 9.6 £24 6.5-12 56
6.3 4 375+316 13-82 59+38 2-6 8042 3-12 91
6.4 4 39.8 £ 359 9-90 63 x1.0 5-7 6.8 £ 2.2 5-10 96 33
6.5 5 170+ 78 8-25 42 +13 3-6 7327 4-10 30
6.6 5 145 + 9.8 6-30 55+29 25-9 56 £3.2 3-1 38
6.7 3 20.0 = 244 12-60 32+15 4-7 51+22 6-10 62
6.8 4 40.0 £ 289 10-75 68 +22 5-10 73+22 4-9 85
7 7.1 3 29.7 £ 16.2  15-47 5306 5-6 8020 6-10 47 3

SD: standard deviation.

Table 3. Number and dimensions (mean, standard deviation and range) of the internal tunnels of
Acromyrmex balzani nests moulded with cement (measurement of tunnels between chambers).

Length (cm) Width (cm) Total number of

Nest ~ Subnest  No. of tunnels  Mean + SD Range Mean + SD  Range tunnels per nest
1 1.1 3 123 £59 8-19 08 +03 0.6-1.1 3
2 2.1 3 125 £ 3.1 10-16 060 0.6 6

2.2 3 23.2 £ 19.6 7-45 0.8 + 04 0.6-1.3
3 3.1 3 29.8 + 40.9 5.5-77 0.6 = 0.6 0.6-1.1

3.2 3 37.0 £ 40.1 9-83 04+0 0.6 9

33 3 35.2 + 33.8 12.5-74 1.6 £ 0.5 1.3-2.2
4 4.1 3 105 £ 56 7.0-17 1.1£0 1.1 3
5 5.1 2 135 £ 21 12-27 1.2+0 1.2 2
6 6.1 5 12.8 + 8.1 9-23 16 + 0.8 1.2-3.1

6.2 5 10.0 £ 6.1 4-18 1.2+0 1.2

6.3 4 19.0 £ 14.2 10-40 1.5+ 0.7 1.1-25

6.4 4 19.8 £ 18.6 8-47 14+ 06 1.1-2.2

6.5 4 93 +39 8-15 13+04 1.1-2.0 31

6.6 2 11.0+£ 7.1 6-16 1.0+0 1.0

6.7 3 13.2 £ 10.5 5-25 14 £ 0.7 1.0-2.2

6.8 4 16.8 £ 7.9 10-25 1.3+£06 1.0-2.1
7 7.1 3 11.7 £ 116 4.1-25 09+0 0.9 3

SD: standard deviation.

found aggregated on Brachiaria sp. and Paspalum sp. pastures and consisted of one to
eight subnests (Figures 3-12).

During the study period, waste was always deposited outside the nest, near the
mound of loose soil or around the entrance hole. This waste consisted of exhausted
plant fragments, which were used for cultivation of the fungus, and dead ants. The
intensity of waste deposition was higher between January and July, but waste deposi-
tion was observed throughout the study period.



1568 (&) N.CALDATO ET AL.

S8 0l-§ 9T+!¢ LL-S €F8 8-¢'t TTFGS € 96 F 9CL € 8'8
9 €l-9 GEF L6 =L STF06 0L-8 LF¥6 95-Tl 9T ¥ 1€ 4 L8
33 710l ¥LF1LL -6 LTF0LL TLl-8 8TFO0l €e-0L €91 F ¢ 14 98
o€l 0l-¢ LT+69¢L 6-L 80 F 08 0L-9 /1 +8¢L 0€L-0L ¥S F 95 € S8
144 oLL vl-£ 9EFo0L 0L-8 L F06 ol-£ [1F6 oLL-0z €LY F L9 € '8 8
0SL llI-8  SLF€6 0l-8 TL¥06 €L-0L GLFG0L 0S1-6 L'EL F €L € €8
GelL LL-6 LF0L L0 TLFO0LL 6L TLFEB SeEL-LL 609 ¥ /9 14 8
08 6-8 80 ¥ 08 Ll-£  6LF06 l-L TT+6 08— L've F T€ 4 L8
S 14 €l-tl L0F ST vl-€L L0F 0¥l TL-8 8TFOL SZ-6 ELLF /L 4 L
¥S -l L0FSLL Sl-0L SE€+0€lL ¢Cl-Ll L0FGLL ¥S—tt 9CT + 8¢ € L'z
6 Ly €1-0L SLFLILL Ll-6 0LF00L €L-0L ZLFLL VAl €7C F 0¢ € 9
L9 71-8  0CF00lL ¥l1-9  TY ¥ €6 6-S CFL 19-8 TLTF LE € L9 9
9s -0l TLF /0L Gl-8 SEFCLL LS L+9 95-9 €6C [4 €S
9 143 oL 0+ 00l €l-0L LzFo0oCl 8L LO0FSL ve-tl 9'GL F €T [4 4 S
LE 6-9 L'TF 5L Ll-£ 8TF06 S 0FS§S Le-0lL 8vL F 1T 4 'S
4 14 oL 0+ 00l Sl-Ll  L'TF0€EL 6-Sv CTEF89 SZ-9 9GL ¥l 4 L'y ¥
9 -6 L'TFS0lL €l-6 8TFOLL 89 {VIFL 9zl 66 F 6l 14 %3
091 6-9 €LFGL Ll-£ TTF08 Ll-6 80Fo0L 091-01L 1'89 ¥ €9 € ¥e
4! ot 0l-6 90F¢6 ol-£ L1¥F08 6-L TLFE€8 or-€1L SELF LT € [ €
€Sl 0l-8 TLF¢€6 6-L 0L+08 S99 60FL €91-91 U F IL € e
9t 8 0F08 8 0F08 L 0F!. 9T 0F9 L
091 0L-8 TL¥F06 Li-£  SLF06 Ll-9 TT+88 091L-6 9'99 ¥ 89 14 €C
8 €0l 8-/ LOFSL 0l-8 ¥'L+06 Ll-£ 8TF6 €0L-£1L 809 ¥ 09 4 [44 4
144 €l-6 8TFO0LL 0l-6 L0F00L Cl-8 8TFOL ve-vl L'yl F ¥ 4 4
6¢ l1-8 LT+ ¢96 =9 0F¢. 6-8 0F6 [44] LFsel [4 14}
4] €9 LLI-9 9CT+6 =L STF¢€6 Ll-¢ Ly F¢€9 §5-6 €CFELE € €l
19 Sol-§ [TF8L =S L'eEF6 8-G¢ TTF19 09-11 6T F SYC 4 Cl
0L Lol tFU SEL-LL ¥LF8LL 6-GL LOFL8 €L-€C YT ¥ €5 € 'L L
159u Jad siaqueyd  (wd) yidap |eyo)  obuey QS F uesly obuey @S F uesyy abuey Qs F uesyy abuey as F ueapy siaquieyd Jo 'oN  1sauqgng 1SN
Jo Jaquinu |e1o0|
(wd) YyIpIm (wo) 1ybisH (wd) ybua (wd) a2epns punoib yieausq yidag
J|ey |ednau

YHM PIZI[ensIA SISaU JUDZ|Dq XauLAWOdY Sy} Jo Yidap wnwixew pue sisquieyd 3y jo (3buel pue UOIIBIASP pJepuels ‘Uesw) SUOISUSWIP pue Jaquiny v 3|qel



JOURNAL OF NATURAL HISTORY 1569

Figure 2. Nests moulded with cement. (A) Nest 1 containing two chambers; (B) nest 7 containing
three chambers; (C) nest 4 containing two chambers; (D) nest 5 containing three chambers. Scale:
40 cm.

Aggressiveness test

When concolonial workers were confronted, aggressiveness was not observed (74.07%
of observations without aggressiveness X2 = 18.78, p < 005). In contrast, when alloco-
lonial workers were confronted, there was a high incidence of aggression among them
(94.16% of observations with aggressiveness, X*> = 106.87, p < 005).
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Figure 3. Nest 2 moulded with cement. (A) Subnest 1 containing three chambers; (B) subnest 2
containing three chambers. Scale: 40 cm.

Determination of colony population

There was only one queen for each polydomous nest, i.e. subnests with a single queen.
The total population in the five colonies varied from 337 to 2832 individuals (Table 5).
The fungus volume in the excavated nests varied from 35.07 to 147.8 ml; The mean
number of eggs was 60, mean number of of larvae was 130.4 and of pupae was 139.0
individuals. There were no winged individuals in the excavated nests. The smaller
workers were more prevalent in all nests observed taking into account the total
population (Table 1). The volume of fungus was positively correlated with the number
of individuals (y = 23.1x - 631.37, R = 96.66%) and the number of workers (y = 17.161x -
516.78, R = 95.31%), indicating that the fungus volume increases in direct proportion
with the population in the nest.

Discussion

The external architecture of polydomous A. balzani nests possessed the typical pattern,
with the presence of a single entrance of irregular shape and variable size in each
subnest. A mound of loose soil derived from the tunnels and galleries could be observed
near the entrance during some months of the year, generally in summer (December to
March). These findings agree with those described by Mendes et al. (1992) for the same
species in the region of Coimbra, Zona da Mata, Minas Gerais. However, no deposition of
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Figure 4. (A) General view of nest 3 moulded with cement; (B) general view of subnest 1; (C) general
view of subnest 2; (D) general view of subnest 3. Scale: 1.5 m.

loose soil near the entrance was observed during colder periods of the year (June to
August). Pimenta et al. (2007) also found no typical straw tube at the entrance of the
nests during the dry periods of the year, especially August, September and October.
According to these authors, the nest entrance was characterized by the presence of dry
plant fragments and small lumps of soil, which was not observed in the present study.
Goncalves (1961) conducted a survey of this species in different states of Brazil and
observed a straw tube only in some regions.
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Figure 5. (A) External view of nest 6 moulded with cement; (B) view of excavation of nest 6; (C)
subnest 1; (D) subnest 2; (E) subnest 3; (F) subnest 4; (G) subnest 5; (H) subnest 6; (I) subnest 7; (J)
subnest 8. Scale: 40 cm.

The differences in the deposition of loose soil are probably related to differences in
the climate of the region, type of soil and nesting. Hence, this species would only
deposit loose soil when the environmental conditions were favourable. No soil deposi-
tion occurs during the colder and drier periods of the year because the colony reduces
its activities during this period to save energy because of the scarcity of food.

Acromyrmex balzani ants construct simple underground nests consisting of a defined
system of tunnels and chambers. These nests are relatively small when compared with the
nests of other species of the genus Acromyrmex. The nests of A. balzani ants do not possess
internal shafts, whereas in nests of A. rugosus rugosus a single chamber can be connected by
several tunnels of different sizes that can be vertical or horizontal. These tunnels pass along-
side the chambers, branching and giving origin to shorter tunnels (Verza et al. 2007). In
contrast, in Atta species the internal communication of the colony is performed through a
network of channels (Moreira et al. 2004a). In the case of A. balzani, this communication
between the subnests of a colony is performed by workers that walk from one hole to the
other on the external part of the nests, while the queen remains in only one subnest together
with the brood.

There is a small first shaft between the entrance hole and the first chamber, which is
generally short and wider than the other tunnels found, measuring on average 1.2 cm in
diameter and 15.5 cm in length. This shaft connects the entrance hole to the first
chamber. The excavated nests had a depth of 30-160 cm and one to five chambers,
with three chambers being the most frequent. Our findings regarding the number of
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Figure 6. Nest 1a (A-D). General view of the subnests of colony 1 of Acromyrmex balzani. Scale: 40 cm.

chambers agree with those reported by Mendes et al. (1992) in the region of Zona da
Mata (MG) and by Pimenta et al. (2007), but differ from those reported by Silva et al.
(2010) in the southwestern region of Bahia who found nests with up to 14 chambers.
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Figure 7. Nest 2a (A-C). General view of the subnests of nest 2 of Acromyrmex balzani. Scale: 40 cm.

The difference in the number of chambers between locations is probably related to the
climate of each region, type of soil and nesting of this species.

With respect to their arrangement, the chambers always overlapped and were con-
nected by a single vertical shaft. In contrast, in A. rugosus rugosus chambers with lateral
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Figure 8. Nest 3a (A-E). General view of the subnests of colony 3 of Acromyrmex balzani. Scale: 40 cm.

openings are often observed, which lead to another chamber that normally contains the
fungus (Gongalves 1961; Verza et al. 2007). The number of excavated nests permitted us
to observe that the morphology of the chambers in different nests is similar, a fact
suggesting a unique pattern of nest construction in this ant species. The variation in the
number of chambers is probably related to the age of the colony.

Fungal mass and workers were found in most of the chambers excavated without
cement. However, immature stages (eggs, larvae and pupae) were only observed in
chambers where the queen was present, which was usually located in the last chamber
in the case of deeper nests. According to Pimenta et al. (2007), fungal mass is not found
in the first chamber. Empty chambers were also observed in the present study, but they
were not always the first chamber and the number of these chambers was variable.

No immature stages (larvae and pupae), only adult workers, were detected in some nests
between June and September 2009. The amount of fungus was very small in some excavated
chambers. These findings agree with Ichinose et al. (1995) who concluded that A. balzani
divides its biological cycle into two seasons, one consisting of a population of immature stages
and another consisting only of adults. The amount of cultivated fungus is higher (6-7 g dry



1576 N. CALDATO ET AL.

Figure 9. Nests 4 and 5a. (A) General view of subnest 1, nest 4; (B) general view of subnest 1, nest 5;
(C) general view of subnest 2, nest 5; (D) general view of subnest 3, nest 5. Scale: 40 cm.

weight) during the period when the production of immature stages is more intense, whereas
the amount of fungus does not exceed 3 g during other periods.

Acromyrmex balzani does not possess waste chambers. The waste is deposited out-
side the nest as observed throughout the study period. External waste deposition is also
found in other Acromyrmex species, such as Acromyrmex coronatus, Acromyrmex fracti-
cornis, Acromyrmex hispidus, Acromyrmex landolti, Acromyrmex lobicornis, Acromyrmex
lundi pubences, Acromyrmex striatus and Acromyrmex subterraneus (Bonetto 1959;
Gongalves 1961; Zolessi and Abenante 1973; Zolessi and Gonzales 1974; Fowler and
Robinson 1979; Pereira-da-Silva et al. 1981; Navarro and Jaffé 1985; Della Lucia and
Moreira 1993; Farji-Brener 2000; Andrade 2002).

In conclusion, polydomous nests of A. balzani are characterized by: (a) the nest has
many subnests, not interconnected with tunnels; (b) the concolonial workers are not
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Figure 10. Nests 6 and 7a. (A) General view of subnest 1, nest 6; (B) general view of subnest 2, nest
6; (C) general view of subnest 1, nest 7; (D) general view of subnest 2, nest 7. Scale: 40 cm.

aggressive among themselves, whereas allocolonial workers are aggressive; (c) there is
only one queen for each polydomous nest, i.e. subnests have a single queen. Finally, the
colonies lives physically separated but socially connected in subnests.

Our study contributes to a better understanding of the so far unknown nest archi-
tecture of the polydomous grass-cutting ant A. balzani.
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Figure 12. General view of nest 8a. (A) Subnest 1; (B) subnest 2; (C) subnest 3; (D) subnest 4; (E)
subnest 5; (F) subnest 6; (G) subnest 7; (H) subnest 8. Scale: 40 cm.
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