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Abstract

The present study is a systematic review of the main ecological aspects of nest foundation and the subterranean
architecture of established and mature of leaf-cutting ants of the genus Atta. The foundation of nests by queens,
burrowing behavior, and abiotic factors affecting the success of colonies and nest distribution of these ants are
discussed. The excavation of a vertical tunnel and the first chamber made by a single mated queen begin the
nest foundation. Internal network of galleries and chambers in a highly complex architecture compose a mature
nest of the Atta genus. The size, number, shape and position of the chambers vary with ant species, substrate,
nest age and number of workers. The size of chambers is enlarged over time to allow fungus growth. A tunnel
system connects chambers and underground part of the nest to the soil surface. The section of the tunnels is,
in general, elliptical or circular, allowing workers and soldiers to move during nest excavation, maintenance, and
foraging activities. The present review provides a detailed description of one the most complex and specialized
subterranean nests of social insects.

Keywords: Attini, biogeomorphology, Atta laevigata, Atta sexdens, nest.

Resumo

O presente estudo é uma revisdo sistematica dos principais aspectos ecolégicos da fundacdo de ninhos e da
arquitetura subterranea de ninhos estabelecidos e maduros de formigas cortadeiras do género Atta. Sdo discutidos
a fundagdo dos ninhos pelas rainhas, o comportamento de escavagao e os fatores abidticos que afetam o sucesso
das coldnias e a distribui¢do dos ninhos dessas formigas. A fundac¢do do ninho tem inicio com a escava¢do de um
ttnel vertical e da primeira cimara, realizada por uma tnica rainha fecundada. Uma rede interna de galerias e
camaras, em uma arquitetura altamente complexa, compde o ninho maduro do género Atta. O tamanho, niimero,
formato e posi¢do das camaras variam de acordo com a espécie, o substrato, a idade do ninho e o niimero de
operarias. O tamanho das camaras é ampliado ao longo do tempo para permitir o crescimento do fungo. Um
sistema de tineis conecta as cimaras e a parte subterranea do ninho a superficie do solo. A se¢do dos tineis é, em
geral, eliptica ou circular, permitindo o deslocamento de operarias e soldados durante as atividades de escavacdo,
manutencao e forrageamento. A presente revisao fornece uma descri¢do detalhada de um dos ninhos subterraneos
mais complexos e especializados entre os insetos sociais.
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1. Introduction

Leaf-cutting ants (hereafter LCA), of the Attini tribe and
with mutualistic relationships with basidiomycete fungi,
are important ecosystem engineers in the Neotropics. These
ants cultivate hyphal swellings (gongylidia), cultivated
with freshly cut plant material, is the main food source
for their larvae and adults (Hélldobler and Wilson, 1990;
Swanson et al., 2019, Santos and Sousa-Souto, 2023,
Lutinski etal., 2021, Oliveira et al., 2024). The LCA cut fresh
leaf material using their mandibles and carry them through
extensive foraging trails up to 250 m from them to fungal
chambers in their nests (Leal et al., 2014). These insects
are important herbivores in natural ecosystems, including
forests and grasslands, and in human-modified landscapes.
A mature colony of Atta has millions of workers and active
for up to 20 years (Hudson et al., 2009; Hélldobler and
Wilson, 2011; Farji-Brener and Werenkraut, 2015). This
genus is calling the attention of researchers because it uses
1-2 tons of fresh-cut plant material per year (Holldobler
and Wilson, 1990; Folgarait, 1998; Wirth et al., 2002;
Moreira et al., 2004a,b; Economo et al., 2018; Romer
and Roces, 2014; Swanson et al., 2019). The architecture
and functions of ant nests are diverse, including shelter
from predation and climatic extremes, and fungus care,
reproduction, and resource storage (Bollazzi et al., 2008;
Romer et al., 2020).

The highly complex internal architecture of ant nests
with extensive network of galleries and chambers and
varying with ant species can reach 8 m deep with more
than 8,000 chambers (Moreira et al., 2004a, b; Holldobler
and Wilson, 2011; Nascimento et al., 2024). The soil,
from nest excavation and maintenance, is deposited
on the surface as epigean mounds with different shape
and size, or as elaborated structures named turrets
(Cosarinsky and Roces, 2007; Cosarinsky, 2021). Fifteen
species of the genus Atta are recognized with different
nest architecture and mound shape due to adaptations
to vegetation types, resource availability, and genetic
characteristics (Britto et al., 2016). A detailed description
of LCA nests, including foundation, burrowing behavior,
architecture, and biological observations, based on the
literature and laboratory and field data, are provided.
This was made by describing (1) main ecological aspects
of nest establishment; (2) nest construction, growth and
maintenance; and (3) architecture of mature nests.

1.1. Main ecological aspects of nest establishment

A mature LCA nest initiated, only, by a newly mated,
winged female after the nuptial flight that maintain its
initial offspring. Nests of the genus Atta are, structurally, the
most complex and specialized among Formicidae (Autuori,
1942). Nest construction is a self-organized, coordinated,
and collective activity to obtain a stable and large structure
by moving huge quantities of soil through excavation
(Holldobler and Wilson, 1990; Moreira et al., 2004a). The
nuptial flying, predation of queens during the nuptial
flight and nest excavation; queen burrowing behavior;
and optimal depth for the development of the symbiotic
fungus and ant offspring affect the success of the nest
foundation.
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1.1.1. Nuptial Flying

The first rains in the spring (afternoons of October in
Brazil) regulates the nuptial flying of LCA, with male swarms
till 200 m of diameter and heights exceeding 150 m above
ground level (Amante, 1972 cited in Fowler et al., 1984).
The flight distance varies between species with Atta texana
(Buckley, 1860) and Atta sexdens (Linnaeus, 1758) queens
flying over 10.4 km and 11.1 km at speeds up to 5.33 m/s
and 1.57 m/s, respectively reaching up to 9.6 km from the
originating nest (Cherrett, 1968). Males and females are
well nourished and ready to mate before leaving the nest.
Approximately 21% of the dry weight of winged A. sexdens
males and females are carbohydrates (Silva et al., 2015),
entirely consumed during the nuptial flight (Jutsum and
Quinlan, 1978). Carbohydrates (stored as glycogen) are
the main energy source for the nuptial flight of Formica
lugubris Zetterstedt, 1838 (Passera et al., 1990) and are the
first body reserves depleted, whereas lipids and proteins
are used during colony foundation.

1.1.2. Predation of queens during the nuptial flight and nest
excavation

Predation, primarily by armadillos, birds, frogs,
lizards, and insects, including Canthon spp. (Coleoptera:
Scarabidae) and ants (Solenopsis, Paratrechina, and
Nonamyrmex), is high during the nuptial flight and nest
digging (Autuori, 1950), but estimating the relative
numbers of individuals produced that flight from a mature
nest is difficult (Autuori, 1950). Canthon virens exhibits
complex and specialized predatory behavior toward
Atta sp. queens, including aerial search, decapitation,
rolling, and burial of the prey to form brood balls,
highlighting a little-known but widespread predator in
Brazil (Forti et al., 2012).

The success of nest foundation by Atta capiguara
Goncalves, 1944 was lower in areas with high numbers
of adult nests of leaf-cutting ants (Fowler et al., 1984),
with their workers killing and reducing the survival
of founding queens (Fowler et al., 1984). The queen of
Atta spp. digs the soil, builds the nest, regurgitates the
fungal pellet, and cares the fungus and offspring during
claustral foundation until the first adult workers emerge
and perform tasks, including brood care and forage
(Holldobler and Wilson, 1990). The queen body reserves
are the only energy for the initial development of the
future colony during the claustral period (approximately
90 days). The energy for the young colony until foraging
by the first workers depend on that of the founding queen
and, for this reason, energy regulation, from and during
the nuptial flight, nest dig, and brood and fungus care
is critical (Camargo and Forti, 2013).

The lone queen, after nest construction, regurgitates the
symbiotic fungus stored in its infrabuccal cavity and lays
the first eggs after five days (Autuori, 1942). The relative
duration of egg hatching, larvae and pupae stages are
25, 22, and 10 days, respectively (Autuori, 1942). Queen
activities also include fungus care (licking and depositing
faecal fluid), self-feeding (oophagy), oviposition and brood
care (Autuori, 1942). In the laboratory, Atta colombica
foundresses produced workers even without fungal pellets.
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This suggests that, in nature, workers might reacquire
the symbiont and rescue initially unsuccessful colonies,
revealing a potential recovery strategy (Fernandez-Marin
and Wcislo, 2005). A significant part of the lipid stored and
muscle histolysis in queens of A. laevigata and A. sexdens
occur during the claustral stage of the colony, losing about
40% of their body weight and reaching the lowest mass
four months after the nuptial flight (Della Lucia et al.,
1995). Lipids account for approximately 11% and 25% of
the body mass of lower and higher attine ant queens,
respectively, including Cyphomyrmex rimosus Spinola,
1851 and Trachymyrmex septentrionalis McCook, 1881 (Seal
and Tschinkel, 2007; Seal, 2009). However, their nest
foundation is semi-claustral (the queen forage outside the
nest), reinforcing greater body reserve requirements for
those with claustral behavior. For example, semiclaustral
queens of Acromyrmex subterraneus rely on foraging to
cultivate their symbiotic fungus and support brood survival
during colony foundation, with experimental suppression
of foraging showing reduced survival and productivity,
highlighting the critical role of fungus cultivation in early
colony success (Sales et al., 2021).

In Atta, the evolution toward claustral founding
represents an important transition compared to other
attines, whose foundresses forage and expose the garden
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to contaminants. Claustral founding protects the fungal
garden and increases queen survival by reducing the
risks of predation and environmental contamination
(Fernandez-Marin et al., 2004).

1.1.3. Queen digging behavior

Queens, after the nuptial flight, land on the soil,
shed their wings, and constructs, during six to 10 hours
(Autuori, 1942), a vertical tunnel (8.5-15 cm long and a of
9-12 mm diameter) and a small initial chamber (2.2-2.5 cm
high and 3-4.5 mm in diameter at the base), with an average
of 300 trips, each lasting 30 seconds to 30 minutes with
an average speed of 3 cm/h in the field and laboratory
(Figure 1; Ribeiro, 1973). The use of energy in this activity is
high, especially during excavation, depleting the remaining
carbohydrate reserves (Silva et al., 2015) after its partial use
as energy during the nuptial flight (Jutsum and Quinlan,
1978; Passera et al., 1990, Silva et al., 2015). The female
blocks the tunnel with parts of the soil removed during
the enlargement of the initial chamber, cloistering herself
and releasing a small portion of the symbiotic fungus
from its infra-oral cavity (Autuori, 1942). The initial nests
are usually 17 cm deep (Figure 2) with tunnels enlarged
by burrowing or closed with soil excavated (Frohle and
Roces, 2012).

Figure 1. Initial nest of Atta sexdens (Hymenoptera: Formicidae) approximately four months old: depth of the initial chamber (A) and
detail of the initial nest and its tunnel (B) and of the initial chamber with fungus garden and the queen (C). The photos (A, B and C)

are a courtesy of Luiz Carlos Forti.
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Figure 2. Behavior of Atta sexdens (Hymenoptera: Formicidae) queens during excavation of the initial nest, removing, transporting and
depositing soil in clods and returning to the clausure. The photos are a courtesy of Luiz Carlos Forti.

1.1.4. Optimal depth for the development of the symbiotic
fungus and ant offspring

The depth of the initial nest chamber varies with LCA
species, from 7.5-12 cm in Atta colombica Guérin-Méneville,
1844 (Weber, 1972), 6.5-13 cm in Atta cephalotes Linnaeus,
1758, 15-25 cm in Atta texana Buckley, 1860 (Moser,
1967), 10-30 cm in Atta sexdens rubropilosa Linnaeus,
1758 (Camargo and Forti, 2013), 10-15 cm in Atta bisphaerica
Forel, 1908 (Cardoso et al., 2014), 11-34 cm in Atta capiguara
Goncalves, 1944, and 9-15 cm in Atta insularis Guérin-
Méneville, 1844 (Bruner and Valdes Barry, 1949). The
nest depth reduces temperature variations, improving
the development of the symbiotic fungus and of the ant
offspring (Camargo et al.,, 2015). The nest temperature at
5to 25 cm deep in A. sexdens rubropilosa ranges from 24 to
28 °C, favorable for the development of its symbiotic fungus
and offspring in the laboratory (Stahel and Geijskes, 1974, as
cited in Roces, 2002), emphasizing the importance of this
temperature in the success of initial LCA colonies. Queen
survival did not vary with nest depth, but this is crucial for the
success of the initial colony (Camargo, 2016). Queens of Atta
sexdens show improved colony development and survival in
shaded environments due to more stable nest temperatures
and reduced solar irradiance (Sousa et al., 2022), and
their initial nests are structurally modified to facilitate
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CO, exchange with the surrounding soil, where internal
concentrations are higher (Sousa et al., 2023).

1.1.4.1. Queen transition from the first to the second chamber

Approximately five months after nest foundation, the
queen moves to the second chamber at 50-60 cm depth below
the initial one, excavated by the first workers (Figure 3).
The workers enlarge the diameter (approximately 0.7 mm)
of the tunnel until the ground surface, obstructed by the
queen. The tunnel diameter between the first and second
chambers is large facilitating the queen to pass through
it (Camargo unpublished data). Differences in diameters
between the tunnels facilitate the queen to stimulate the
workers to increase them (Camargo unpublished data).
The movement between chambers and the location of
the queen in mature ant nests are poorly understood,
but workers increase the tunnel diameter after detecting
the queen obstructing it. Collective organization and the
heterogeneity of the environment with low density soil
due to the excavation and obstruction by the queen are
additional cues for workers to open and adjust the initial
tunnel according to their needs. The body size is a template
to construct the second tunnel and the growing of the
fungus garden is a three-dimensional template to enlarge
the chamber (Frohle and Roces, 2009).

Braz. ]. Biol., 2025, vol. 85, €295961
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Figure 3. Scheme of Atta capiguara (Hymenoptera: Formicidae) nest development through time. Modified from Nascimento et al. (2024).

1.1.4.2. Excavation and chamber construction behavior by
ant workers

Ants walk, build, store, and lay eggs along physicals
and chemicals gradients modelling the nest construction
(Theraulaz et al., 1998). These stimuli are not static
and become more intense as the colony size increases
(Theraulaz et al., 1998). The cloistered queen of A. sexdens
begins the colony and the first workers reopen the closed
tunnel for foraging and to remove soil excavated and
wastes (Autuori, 1942). The number of workers per nest,
after six months of foundation, is of 18.0 + 12.1 medium
and 54.3 +23.0 minor workers (Camargo and Forti, 2013).

1.2. Mature nests

1.2.1. Nest architecture

The nest increases vertically during the first year,
followed by a lateral expansion according to the increase
in the number of workers and chambers (fungus and
waste). The architecture of LCA nests (Figure 4A, B, C, D)
varies according to species, soil characteristics, colony age,
and seasonal variations in the water table (Moreira et al.,
2004a), this latter limiting depth with importance of
the topography in nest architecture and distribution
(Holldobler and Wilson, 1990). The architecture of
A. laevigata and Atta vollenweideri Forel, 1893 nests is
radial with a network of tunnels or chambers concentrated
in an area resembling a “bunch of grapes” (Figure 5A;
Jonkman, 1980; Moreira et al. 2004a).

1.2.2. Chambers and tunnels

The purpose of chambers includes cultivation of the
symbiotic fungus as food and a place for the eggs, larvae,
pupae, queen (Mariconi, 1970). Additionally, waste
(decaying plant material, dead ants, and depleted fungus)
and soil from nest expansion through excavation are stored
in chambers. The depth of nests varies with those of A.
laevigata reaching 7 m with more than 8,000 chambers
(Moreira et al., 2004b) and those of A. bisphaerica and A.
capiguara not exceeding 2.5 m deep, the shallower among
LCA but with great lateral expansion (Figure 5A, B, C;
Moreira et al., 2004a). The waste chambers can be large
and isolated (Figure 5D) from the fungus garden to avoid
proliferation and contamination by pathogenic fungi
(Figure 5D; Pretto, 1996; Forti et al., 2017), whereas other

Braz. ]. Biol., 2025, vol. 85, 295961

chambers can be actively filled with soil or being empty
(Figure 5E; Jonkman, 1980). The presence of waste chambers
is not a universal trait among species of the genus Atta.
The transversal sections of the LCA tunnels are, in
general, elliptical or circular (Figure 5C), facilitating the
movement of workers and soldiers during nest excavation,
maintenance, and foraging activities. These tunnels
also provide gas exchange (0,, CO,, N,O, and CH,) and
ventilation. Sometimes, the tunnels are flattened and
may be blind without a chamber (Figure 5C, F; Forti et al.,
2017). Ninety-seven fungus chambers, 27 empty chambers,
and 45 debris chambers were observed in an average A.
texana nest excavated in northern Louisiana, USA. The
ants and the rearing of winged brood were concentrated
in the central chamber of the nest during winter (Moser,
2006). The architecture of LCA nests varies with species,
soil characteristics, colony age, and water table depth
(Moreira et al., 2004a; Nascimento et al., 2024).

1.2.3. External mounds

The visible external part of LCA nests is an epigean
mound with soil removed from the excavation with many
openings to the outside. The LCA epigean mounds are
dome, crater, or volcano-like. Most Atta species construct
only one mound reaching more than 1 m high and 10 m
wide (Mariconi, 1970) with many openings or turrets from
which the ants transport the soil excavated from the nest
(Figure 6A, B, C, D, E, F, G, H). Atta mounds with five meters
high and 15-16 m in diameter (Branner, 1910). Mounds
and turrets are morphological features made of soil micro
aggregates as blocks for different purposes (Cosarinsky,
2021). All these superficial structures are adaptations to
reduce or avoid water flow, ventilation, gas exchange, and
stabilizing microclimate inside the nest (Kleineidam et al.,
2001; Bollazzi and Roces, 2010; Cosarinsky and Roces,
2012; Cosarinsky et al., 2021). Ants transit in tunnels with
different diameters and shapes connecting the openings at
soil level to the chambers in the internal part of mounds
of ant nests.

LCA species construct their nest in different places, as
A. laevigata in sunny or shaded locations (Moreira et al.,
2004a); A. sexdens in shaded areas (Mariconi, 1970; Pretto,
1996); A. bisphaerica and A. capiguara in sunny locations
(Mariconi, 1970; Moreira et al., 2004b; Andrade et al., 2005)
and A. cephalotes generally, in humid and shaded areas of
forests and woods (Stahel and Geijskes, 1939; Weber, 1966).

5/13



ol CA
A lae

004a,b
dd




Foundation and architecture of leaf-cutting ant nests

t':_,f"“\" A

& )|
o

Figure 5. Atta bisphaerica (Hymenoptera: Formicidae) chambers (A, B, C) with yellow arrows indicating the tunnels. Large waste (D)
and empty chambers of Atta (E) and detail of the tunnels connecting the chambers (F) adapted from Moreira et al. (2004b) (A, B, C)
and Jonkman (1980) (D).
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Figure 6. Large dome-shaped mound of Atta laevigata (A). Mounds of Atta vollenweideri (B and C). Nest of Atta sexdens with large
number of mounds (D, E and F). Detail of the previous picture (G) noting the large number of mounds. Mound of Atta sexdens
(Hymenoptera: Formicidae) nest (H). The photos are a courtesy of Luiz Carlos Forti.
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Physical foraging trails, free of vegetation and obstacles,
leading from supply holes to plants exploited, characterize
the area around LCA nests. Workers of the same nest are
recruited by physical and chemical trails to forage on
plants (Weber, 1972).

1.2.4. Workers digging behavior

The LCA colony move tons of soil during their increase
(Jonkman, 1980; Moreira et al., 2004a,b) through a
combination of four main burrowing behavior: raking;
pushing; forcing; and carrying using their forelegs,
head, and mandibles (Sudd, 1969; Halfen and Hasiotis,
2010). They scrape loose material with their forelegs and
molding aggregates and grabbing them (Genise, 2017). The
LCA ants select the soil aggregate and add small grains
until the desired size (Cosarinsky, 2021). The excavated
aggregate is deposited as epigean mounds and turrets
on the soil surface or used to fill chambers and tunnels
reinforcing nest walls.

1.2.5. Functions of chambers

Chambers are shelter for the fungus garden and the
population of millions of LCA individuals (Roces, 2002),
besides space for its increase (Romer and Roces, 2014;
2015). The chamber homeostasis enhances microclimate,
such as humidity and temperature, for the symbiotic fungus
(Kleineidam et al., 2001; Bollazzi et al., 2008). Waste from
the fungus garden and dead ants are stored in waste
chambers (Stahel and Geijskes, 1939; Jonkman, 1980)
with those of this last one in A. capiguara, A. colombica,
and A. sexdens nests larger and often spatially separated
from the fungus chambers (Forti et al., 2011). The main
function of waste chambers is to house and segregate waste
from the living part of the colony to reduce or preventing
contamination of the fungus garden, immature and adult
ants. The environmental cues for workers to excavate these
chambers are unknown.

1.2.6. Waste Chambers

The surface of waste chambers is irregular, with a
different shape to that of fungus chambers, often conical in
A. capiguara (Forti, 1985; Andrade et al., 2005; Forti et al.,
2011). The volume of these chambers is normally great
(Andrade et al., 2005), with a total estimated of 166.5 L across
11 chambers (Forti, 1985). Waste chambers of A. bisphaerica
and A. laevigata nests are compartmentalized and distant
from those with fungus, highlighting the importance of
separating waste to reduce or prevent contaminations
(L.C. Forti, personal communication). Waste chambers were
not found in A. colombica and A. mexicana nests (Weber,
1972; Deloya, 1988), deploying wastes externally with the
use of 11% of their worker population (Hart and Ratnieks,
2002). Atta cephalotes isolates waste from the fungus
garden reducing contamination, but its accumulation
potentially harms the fungus garden increasing ant
mortality (Bot et al., 2001) as reported for Atta spp. and
Acromyrmex echinator Forel, 1899 due to the parasite
fungus Escovopsis (Currie et al., 1999a,b). Atta colombica
Guérin-Méneville, 1844 and Atta texana Buckley, 1860
release waste externally, whereas most species isolate it in
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chamber inside their nests. The phylogenetic importance
of waste location is associated with the environment
humidity (Farji-Brener et al., 2016). Waste chambers
evolved to reduce health risks and, depending on their
size and environmental conditions and the quantity of
waste facilitates pathogen proliferation. Small quantities
of waste are not a health threat because they can be placed
outside the nest, especially in dry environments. On the
other hand, large waste quantities in humid environments,
despite construction costs, should be placed in internal
chambers to reduce or avoid contamination. Waste
management varies between species, colony size, and
the quantity produced by leafcutter ants. Acromyrmex
species, even with colonies with hundreds to thousands of
individuals, produce small quantities of waste and release
them outside the nest without constructing specialized
chambers (Gongalves, 1961; Farji-Brener et al., 2016).
In contrast, the colonies of Atta spp., except A. colombica
and A. texana, are large, constructing specialized and
compartmentalized waste chambers (Forti et al., 2011).

1.2.6.1. Tunnels

Tunnels used by ants to transport the soil excavated,
are opened through holes or exits on the surface of the
loose nest soil. The diameter and shape of these tunnels,
interconnecting the chambers, vary, facilitating workers to
move from the exterior to the interior of the nest and vice
versa. Additionally, foraging tunnels, through which ant
transport cut leaves, open to the exterior of the nest through
holes (Gongalves, 1964), usually at varying distances from
the loose soil mounds. The main tunnels of A. capiguara
nests are very wide (21 cm) with an almost rectangular
cross-section and connecting directly to the exterior
(rosettes). These tunnels, branching laterally from the main
one and connecting fungus chambers across peduncles,
form an external ring communicating with almost the
whole nest and other tunnels. The branched tunnels, with
aflattened shape and almost rectangular cross-section, are
narrow (11 cm diameter) (Forti et al., 2017). The limited
contact between dead and living zones of the nest reduce
or prevent contamination of the symbiotic fungus by
pathogens. Foraging tunnel entrances connect the colony
to the outside of the nest and lead to foraging trails.

1.2.7. Foraging trails

The foraging system of LCA colonies includes the
construction and maintenance of physical trails, long
and visible paths, by foraging workers to transit to
resource sites (Kost et al., 2005). These trails can persist
for up to eight months without vegetation growth after
foraging activity ceases (Rockwood and Hubbell, 1987).
The persistence of physical trails in Atta is poorly studied
despite its importance for territory marking, foraging,
and defence against neighbouring colonies, reducing
aggression (Fowler and Stiles, 1980). The network of
physical trails enhances the LCA foraging but it is an energy
drain for the colony (Lugo et al., 1973; Shepherd, 1982).
Temporal spacing, host plant heterogeneity, chemical
defence (Howard, 1990), colony nutritional demands
(Cherrett, 1972), and interspecific interactions, such as
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host plant protection against associated ants, affect the
construction and use of physical trails, as reported for
Atta spp. with unequal resource distribution in space and
time (Fowler and Stiles, 1980). Physical trails significantly
enhance the foraging efficiency of leaf-cutting ants by
increasing leaf delivery rates by 67.47% and forager walking
speed by 86.10%, allowing workers to travel farther and
faster to collect resources (Sales et al., 2016). In addition,
Atta capiguara ants quickly restore disrupted physical
trails by removing vegetation, indicating their ability
to maintain foraging paths despite vegetation regrowth
(Caldato et al., 2016).

Foraging areas can reach more than 100 m distant
from ant nests (Roschard and Roces, 2002), but abiotic
disturbances, such as increased rainfall, interrupt foraging
and the construction of new trails (Hodgson, 1955; Cherrett,
1968; Wirth et al., 1997). Mature colonies of A. cephalotes
construct persistent foraging trails up to 300 m from
their nests (Lewis et al., 1974a, b), and A. colombica kept
a trail system 200 and 300 m long. In an 8-month study,
Atta bisphaerica colonies adapted their foraging networks
according to landscape features and seasonality, expanding
tunnels and trails during the rainy season to maintain high
foraging activity during the dry season (Lopes et al., 2016).
Main trails can persist in locations with high-quality food
resources, facilitating foraging (Howard, 2001). However,
inAtta capiguara, the expansion of foraging areas to access
new resources and support colony growth occurs primarily
through the excavation of new, distant underground
tunnels rather than by extending aboveground physical
trails (Caldato et al., 2020).

2. Conclusion

The detailed description of animal behavior in the
field is the backbone of ecology and ethology. Despite
the progressive decrease on natural history studies, the
information presented was possible only due to careful
excavation, casting, and documentation of the nest
structures for years.

The nest construction begins with the digging of a vertical
tunnel and the first chamber by a lone mated queen after the
nuptial flight and its expansion onset after the first workers
forager. The nest increases vertically during the first year
and laterally as the number of workers and the chambers
(fungus and waste) increase. The chambers vary in shape,
position, and dimensions, reaching 30 cm in diameter,
according to function, species, and substrate conditions.
Those with fungal gardens are elliptical, spherical, or oval.
The mature nests of LCA are the most complex among ants,
and one the largest structures built by animals.
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