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Ecology of Leaf-Cutting Ants in
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Introduction
Natural landscapes have been rapidly converted into human-modified landscapes
(HML) globally, and future population growth, particularly across the tropics, will
probably speed up this trend (Laurance et al., 2014). In the tropical region, HML
refer to vegetation mosaics consisting of one or several components, such as old-
growth and edge-affected forest remnants, secondary forest patches of varying ages
and managed plantations of exotic species (Tabarelli et al., 2010). These components are usually immersed in open-habitat matrix consisting of pasture lands or
agricultural fields. Such changes in the nature of forest habitats and spatial reorganisation of landscape components occur in parallel to other threats for biodiversity
persistence in HML, such as hunting, logging, plant collection, biocide/fertiliser
spillover and fire (Tabarelli et al., 2004; Laurance et al., 2014). In this emerging ecological scenario, some native species benefit and tend to proliferate, i.e. the ‘winner
species’ (sensu Tabarelli et al. 2012), with cascading impacts on biological dynamics
still to be investigated.
Leaf-cutting ants (hereafter LCA) offer prime examples for such winner species and represent one of the most characteristic and conspicuous groups of social
insects inhabiting the majority of neotropical and subtropical habitats, from semiarid grasslands to humid forests, and pasture lands to agricultural fields (Fowler &
Claver, 1991; Farji-Brener & Ruggiero, 1994; Weber, 1966). Strictly, they currently
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consist of 40 species within the genera Atta and Acromyrmex, in the Myrmicinae
subfamily (Schultz & Brady, 2008). Some species have narrow geographic distributions or are habitat specialists (e.g. Atta robusta, Teixeira et al., 2003), while others
are generalists with broad distributional range (e.g. Atta sexdens, Fowler et al.,
1989). Despite such diversity, LCA share a distinct set of morphological, metabolic and natural history characters, together with the unique habit of cutting fresh
leaf material to cultivate a symbiotic fungus that serves as their main food source
(Weber, 1966; Mueller et al., 1998; De Fine Licht & Boomsma, 2010; Hölldobler &
Wilson, 2011).
Precisely, LCA are able to harvest tremendous quantities and types of plant
materials (Wirth et al., 2003; Herz et al., 2007; Costa et al., 2008; Falcão et al.,
2011). In the case of Atta species, plant consumption per colony can range from
ca. 70 to 500 kg (dry weight) per year, making Atta ants the preeminent herbivore of Neotropical forests and savannas (Wirth et al., 2003; Herz et al., 2007;
Costa et al., 2008 and references therein). Accordingly, LCA herbivory impacts
plant fitness, demography and community structure (Wirth et al., 2003; Leal et al.,
2014a; Corrêa et al., 2016). In addition to herbivory, LCA affect their environment
via construction and maintenance of colossal nests. Atta nests, for instance, may
achieve up to 8,000 subterraneous interconnected chambers (Moreira et al., 2004a,
2004b), with more than 20 m3 or 40 tons of soil removed to the surface (reviewed
by Farji-Brener & Illes, 2000; Hölldobler & Wilson, 2011). Nest construction/
maintenance may result in large mounds of soil above their surface reaching up
to 250 m2 in area (Cherrett, 1989). These nest-related activities can alter canopy
cover, light regime, litter cover and soil attributes (chemical and physical attributes), while LCA colonies are active for 8–20 years (Fowler et al., 1986; Meyer
et al., 2009), and may even persist long after colony death (Farji-Brener & Illes,
2000; Bieber et al., 2011). Such tangible impacts cascade across multiple levels
of biological organisation (from plant population to ecosystem level) and spatial
scales, such as the alteration of plant assemblages in nest-impacted areas (hundreds of m2) and foraging zones that often reach as much as 2 ha (Corrêa et al.,
2010; 2016).
Therefore, LCA represent key herbivores acting as ecosystem engineers as recently
summarised (Leal et al., 2014a; Farji-Brener & Werenkraut, 2015; Chapter 18).
The prominent ecological role played by this group is highlighted by the following features. First, LCA show that some herbivorous insects are able to generate
ecologically important disturbance regimes via non-
trophic activities. Second,
impacts of LCA can be observed at multiple spatio-temporal scales and levels of
biological organisation. Third, ecosystem-level effects by LCA include ecosystem
engineering capable not only of altering the abundance of other organisms, but
also the successional trajectory of vegetation. Finally, impacts of leaf-cutting ants
are context-dependent, species-specific, and synergistically reinforced by anthropogenic interferences (Leal et al., 2014a).
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In fact, it is not a novelty that some LCA species operate as agricultural pests
(for review see Montoya-Lerma et al., 2012), but only recently consistent scientific attention has been devoted to the response of LCA to human disturbances
and the potential consequences for vegetation dynamics and ecosystem processes
in HML. Briefly, there has been accumulating evidence that some LCA species
proliferate across HML, such as highly fragmented agro-mosaics, with tangible
impacts on the successional trajectory experienced by remaining native vegetation. With the continuous expansion of agricultural frontiers, HML are expected
to dominate in tropical regions (Laurance et al., 2014). This global trend has
fuelled the scientific agenda and research initiatives focused on the biological
dynamic, biodiversity persistence and provision of ecosystem services in HML
(see Melo et al., 2013; Arroyo-Rodriguez et al., 2016). In this context, species
loss, biotic homogenisation, community-level impoverishment, secondarisation,
biological invasion and the disruption of plant-animal interactions have been
reported (Girão et al., 2007; Santos et al., 2008; Wirth et al., 2008; Lôbo et al.,
2011; Leal et al., 2014b, 2015). Yet, the way ant-plant interactions are altered and
contribute to new biological arrangements persists as a wide avenue of future
research. Indeed, ant species represent an substantial fraction of tropical biodiversity (Basset et al., 2012) and engage in multiple relationships (i.e. ecosystem
functions), such as animal predation, herbivory, pollination, seed predation and
dispersal (Beattie, 1985; Hölldobler & Wilson, 1990; Leal et al., 2014b; 2015).
In this chapter we present recent advances in the field of LCA ecology, focusing on the forces driving both their proliferation and their impacts on the successional trajectory experienced by the native vegetation in HML, particularly in
the context of forested tropical ecosystems (Figure 4.1). Major portions of our
chapter rest upon a recent and comprehensive review about the multiple impacts
of LCA on neotropical vegetation (Leal et al., 2014a). Surprisingly, however, the
bulk of available knowledge is currently derived from studies in tropical rain forests, grassland and savanna ecosystems, while the situation in tropical dry forests
(TDFs) has been largely neglected (but see Barrera et al., 2015), despite the even
higher threat status and conservation priority of TDFs compared to other tropical
biomes (Ceballos & García, 1995; Sampaio, 1995; Leal et al., 2005; Grau et al.,
2008; Santos et al., 2011). Therefore, we extend this review by placing additional
focus on TDFs, especially in the context of chronic anthropogenic disturbances
(sensu Singh, 1998). We provide preliminary information about the multiple LCA-
derived effects on the successional trajectory experienced by the Caatinga vegetation (Figure 4.1), the largest TDF in South America (Sampaio, 1995; Leal et al.,
2005; Pennington et al., 2009). We hope that this chapter will inspire a more comprehensive assessment of the forces driving the nature of human-modified tropical
landscapes, such as the LCA-driven impacts, as a crucial step to guarantee the full
potential of anthropogenic landscapes in terms of their biodiversity conservation
and environmental services.
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Figure 4.1.

Leaf-cutting ants (LCA) in human-modified tropical forest landscapes in Atlantic Forest
landscape in Serra Grande (Alagoas, NE-Brazil) (a–f) and in Caatinga dry tropical forest in
the Catimbau National Park (Pernambuco, NE-Brazil) (g–k). Undisturbed continuous
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LCA Basic Ecology and Responses to Human Disturbances
LCA bear a wide set of key life history attributes, which enable them to operate as
a dominant herbivore group across both pristine/natural and HML. Most prominently, we refer to a generalist diet and an extensive, highly flexible foraging system.
The fungus-farming lifestyle allows a high degree of polyphagy with up to 50 percent of the local forest flora (Vasconcelos & Fowler, 1990; Wirth et al., 2003) and a
rich variety of plant matter harvested (e.g. leaves, twigs, bark, flowers, fruits, seed
endosperm; Shepherd, 1985; Wirth et al., 2003; Falcão et al., 2011; Figure 4.1). The
accessibility of LCA to such a wide resource base is believed to enable/facilitate
their function as large-scale herbivores (De Fine Licht et al., 2013). Their enormous
rates of biomass consumption are achieved through complex and highly organised
foraging/transportation devices, usually in the form of thoroughly cleared, up to
30 cm wide trunk trails, sometimes extending more than 250 m from the nest into
the foraging territories (Hölldobler & Wilson, 2011), which cover areas often as
large as 1–2 ha (Wirth et al., 2003; Urbas et al., 2007; Silva et al., 2009, 2013). These
foraging systems appear to be extremely flexible, allowing LCA to profit from the
continuous emergence/recruitment of palatable resources (Kost et al., 2005; Silva
et al., 2013), such as plant species benefited and proliferating in response to human
disturbances, as, for example, the creation of forest edges and roads (Vasconcelos
et al., 2006; Leal et al., 2014a).
In fact, the human-induced spread of early successional plant species (Laurance
et al., 2006; Lôbo et al., 2011; Tabarelli et al., 2012) and the concomitant release of
LCA from bottom-up regulation has been identified as key mechanisms supporting
their proliferation in HML (Urbas et al., 2007; Wirth et al., 2008; Falcão et al., 2011;
Figure 4.2a). Exhibiting colony density increments up to 20 times (Meyer et al.,
2009; Dohm et al., 2011), and these insects are probably among the most ‘successful’ species in anthropogenically modified tropical landscapes (Wirth et al., 2007;
Tabarelli et al., 2012). In the case of tropical rain forests (particularly in Atlantic

forest (a); hyper-fragmented landscape with forest fragments in a matrix of sugar cane
plantations (b); typical forest edge zone along harvested sugar cane field (c); nest clearing
by Atta cephalotes with central nest mound (note that the ants remove both understory
vegetation and leaf litter from the immediate nest surface) (d); A. cephalotes foraging
worker ants on a horizontal trunk and (e) typical leaf damage by LCA on pioneer
vegetation (Cecropia sp.). (f) Catimbau National Park aerial view showing mosaic of
degenerated (foreground) and conserved Caatinga vegetation (right background) (g);
giant Atta opaciceps nest (ca. 250 m2 surface area) located on a roadside in degenerated
Caatinga scrubland (h); surface of Acromyrmex balzani nest (i), the most abundant LCA in
the Catimbau National Park; the photo depicts external refuse dump (1), loose excavated
soil (2), and nest entrance with ventilation turrets (3); Atta sexdens worker carrying a
flower of Poincianella pyramidalis (Fabaceae) (j), one of the most abundant food plants
and Atta opaciceps harvesting cladode and fruit of Tacinga inamoena (Cactaceae) (k).
Photo credits: A. Gambarini (a and b); I. R. Leal (c and g); R. Wirth (d, e, f and i); F. M.
P. Oliveira (h and k); B. Büdel (j).
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LCA proliferation in humanmodified landscapes
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Drivers (a) and impacts (b) of leaf-cutting ant proliferation in human-modified ecosystems.
See the text for further details and contextual explanations.

and Amazon forests), the conversion of natural landscapes implies the replacement
of old-growth forest stands by edge-affected habitats, such as forest edges and small
forest fragments (Broadbent et al., 2008; Tabarelli et al., 2008). Thereby, in highly
fragmented landscapes, only edge-affected habitats tend to persist (Joly et al., 2015).
This is of crucial significance to LCA, as these habitats tend to be dominated by
colonising, successional, or pioneer plants species (Laurance et al., 2006; Tabarelli
et al., 2012). In edge-affected habitats, this group of plants can account for over 80
per cent of all stems and species, while old-growth stands support less than 20 percent (Laurance et al., 2006; Santos et al., 2008). With reduced levels of both chemical and structural defences against herbivores, pioneer plants are more palatable
(Coley, 1980; Coley et al., 1985) and thus preferred by LCA (Farji-Brener, 2001;
Wirth et al., 2003; Urbas et al., 2007; Falcão et al., 2011). Such decoupling from
population control is not restricted to bottom-up regulation alone, but has also
been demonstrated for top-down control by natural enemies (Figure 4.2a). Edge-
affected habitats and HML tend to support lower abundance of LCA predators
due to habitat loss and hunting (Terborgh et al., 2001; Wirth et al., 2008), and the
colonies suffer reduced attack rates by parasitoid phorid flies, because of the drier
microclimatic conditions compared to non-disturbed areas (Almeida et al., 2008).
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Apart from cascading benefits via the disruption of trophic interactions, LCA may
also directly profit from human alterations, for example, the increased availability
of nesting sites (Figure 4.2a). The mere opening of forested land facilitates LCA
colonisation as evidenced by nesting site preferences of founder queens for open
habitats, such as pastures (Vasconcelos, 1990) and roads/roadsides (Farji-Brener,
1996; Vasconcelos et al., 2006; Vieira-Neto & Vasconcelos, 2010).

Impacts on Vegetation Dynamics
Traditionally, the role played by LCA on vegetation dynamics has been concentrated in natural tropical rain forest landscapes such as those on Barro Colorado
Island in Panama (Wirth et al., 2003) and at the La Selva Biological Station in
Costa Rica (Garrettson et al., 1998). In this ecological context LCA can promote
plant species persistence and diversity by creating the environmental heterogeneity
required for plant niche partitioning. We refer, for instance, to ant nests as recruitment sites and sunflecks on the ground resulting from ant-related foliage removal
in the canopy. However, investigation of LCA ecology and effects in HML, such as
the highly fragmented Atlantic Forest landscapes in northeast Brazil (Urbas et al.,
2007; Wirth et al., 2007; Almeida et al., 2008; Meyer et al., 2009, 2011a, 2011b,
2013; Silva et al., 2009, 2012, 2013; Corrêa et al., 2010, 2016; Facão et al., 2011),
has amplified our understanding, providing evidence for distinct ecological roles in
this context.
LCA herbivory, seed dispersal and nest-related activities affecting soil conditions and light regime can impose multiple effects on plant individuals, populations
and assemblages that collectively can alter the successional trajectory experienced
by forest edges and small forest fragments (see Leal et al., 2014a, for a review;
Figure 4.2b). Briefly, forest area-based herbivory rates of LCA vary from 2.1 percent of the available foliage area in an undisturbed late-successional forest in
Panama (0.52 Atta colombica colonies/ha, Herz et al., 2007) to 36 per cent at the
edge of human-modified Atlantic Forest (2.79 A. cephalotes colonies/ha, Urbas
et al., 2007; Wirth et al., 2007; Meyer et al., 2009). The latter value greatly exceeds
the overall rate of herbivory estimated for tropical forests (5–15 percent, Schowalter
et al., 1986; Landsberg & Ohmart, 1989; Coley & Barone, 1996). As LCA concentrate their foraging on pioneer plant species (Wirth et al., 2003; Falcão et al., 2011),
this ecological group may suffer greatly from negative impacts of LCA herbivory
on plant reproductive success and population dynamics (Leal et al., 2014a). On
the other hand, there is compelling evidence suggesting positive net effects from
LCA presence on pioneers. First, pioneers may suffer disproportionately lower
fitness losses than shade-tolerant food plants due to their increased tolerance to
defoliation, especially under high-light environments (Rosenthal & Kotanen, 1994).
In addition, seed dispersal activities favour pioneer species directly since pioneer
flora contain a large set of small-seeded species bearing fleshy fruits such as those
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from the Melastomataceae family (Silva et al., 2012; Costa et al., 2013; Leal et al.,
2014a; Chapters 6, 7). LCA also favour pioneer species indirectly, for example, via
increased light availability resulting from herbivory (called ‘associated ecosystem
engineering’ in Figure 4.2b; Corrêa et al., 2016), and other non-trophic effects like
the alterations in microclimatic conditions due to nest construction and maintenance (Corrêa et al., 2010; Meyer et al., 2011a, 2011b). Correspondingly, A. cephalotes nests increase light levels in approximately 0.6 percent of the total area in the
interior of Atlantic Forest, but up to 6 percent in forest edge zones, where colonies
are aggregated (Meyer et al., 2011a).
Even more strikingly, the nest-driven decline in litter cover and nutrient status of
topsoil layers, usually a local phenomenon spanning ca. 0.6 ha per colony, were estimated to affect the entire forest edge (Meyer et al., 2013). Such shifts may impose
environmental filtering for: (1) light-sensitive, shade-tolerant species; (2) plant species bearing ant-targeted seedlings; and (3) plant species whose seeds require undisturbed habitats for better germination (Corrêa et al., 2010; Meyer et al., 2011b). On
the contrary, such disturbance favours some pioneer species (Figure 4.2b), which
proliferate and support increased LCA abundance by offering palatable foliage.
Accordingly, LCA foraging areas tend to be smaller in edge-affected habitats (Urbas
et al., 2007). In synthesis, there is a feedback between forest fragmentation and disturbance that promotes pioneer proliferation, which, in turn, supports higher ant
colony density (Figure 4.2a, b). LCA therefore amplify environmental homogeneity
and favour the persistence of early successional systems in HML (Figure 4.2b).

The Neglected Response/Role of Leaf-Cutting Ants in Chronically
Disturbed Dry Tropical Forests
As already mentioned, LCA are present in nearly all tropical/subtropical ecosystems in the Americas, but research on their impact has been concentrated mainly on
grasslands, savannas and tropical rain forests. However, in addition to humid forests
as the Atlantic and Amazon, there has been evidence for the proliferation of LCA
in HML of TDF, such as the Caatinga vegetation in northeast Brazil. Apparently,
LCA species such as A. laevigata, A. opaciceps and A. sexdens benefit from the proliferation of pioneer species (e.g. Croton argyrophyllus; Euphorbiaceae), which dominate regenerating forest stands following the abandonment of agricultural fields (i.e.
slash-and-burn agriculture), pasture lands and roadside vegetation. In fact, colony
density along Caatinga vegetation paralleling roads is fivefold higher than farther
spots (Siqueira, unpublished data; Figure 4.3a), a trend in line with previous findings from tropical rain forests (Dohm et al., 2011), Cerrado savanna (Vasconcelos
et al., 2006) and arid steppe of Patagonia (Farji-Brener, 1996). Furthermore, quantitative area-based colony surveys in a forest mosaic of various successional stages
(fallow vegetation) with interspersed pasture lands revealed a previously undocumented prevalence of LCA in the Caatinga, as reflected by a species-rich community (Atta sexdens, A. opaciceps, A. laevigata, Acromyrmex rugosus, Ac. balzani) and
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Leaf-cutting ants (LCA) as key organisms in human-modified Caatinga tropical dry
forest (TDF). Mean colony density (+ SD) of Atta leaf-cutting ants (A. laevigata,
A. opaciceps and A. sexdens) in six distance zones parallel to roads passing through
disturbed and conserved areas of Caatinga in Catimbau National Park in Pernambuco
(NE-Brazil) (a). Different letters indicate significant differences (P < 0.05) among distance
zones; the number of sample areas was 50 for each distance zone up to 300 m into the
Caatinga (Siqueira, unpublished data). Quantitative plot-based surveys of leaf-cutting
ant communities in 10 plots of 4.32 ha spread across the eastern section of the Catimbau
National Park showing a pronounced spatial aggregation with local hyper-abundance of
nests (b) (Modified from Backé, 2015).

hyper-abundant nests (7 col ha-1 ± 11.9, mean ± SD; Backé 2015; Figure 4.3b). The
corresponding colony maps indicated pronounced spatial underdispersion as some
sites were completely devoid of colonies, while others exhibited spatial aggregation with up to 31.3 col ha-1 (Figure 4.3b). Among the factors driving nest density
we identified (1) road proximity, (2) vegetation cover, (3) chronic disturbance and
(4) rainfall (Backé, 2015 and Siqueira, unpublished data). Proliferation of LCA in
the context of shifting cultivation opens a new research agenda for the investigation of the mechanism supporting persistence and proliferation. In terms of LCA
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ecology, it is noteworthy that there is no foliage available during 6–8 months every
year (the dry season) and that prolonged droughts (2–3 years long) are frequent
(Sampaio, 1995).
In addition to nest hyper-abundance in particular spots (where total nest area of
LCA occupies up to 48.5 percent of the forest ground), edaphic engineering and
intense plant harvesting in early regenerating stands reinforce the chance that LCA
can affect Caatinga vegetation dynamics. We refer to soil movement and deposition
on nest mounds and, more importantly, the presence of external nest refuse dumps
composed of organic waste in nests of all locally occurring LCA species (including
Atta laevigata and A. sexdens, which are otherwise known as internal refuse dumpers; Siqueira, unpublished data), both altering soil conditions around the nests and
probably patterns of seedling recruitment and growth. In contrast to HML in tropical rain forests, in which matrix lands are usually devoted to commodity production, the Caatinga landscapes are spatially configured as vegetation mosaics due
to shifting cultivation for subsistence production and livestock farming (Sampaio,
1995). We refer to mosaics consisting of small patches of both agriculture/pasture
lands and regenerating forest stands of varying age, i.e. fallow vegetation ranging
from few years old to decades old (Sobrinho et al., 2016; Figure 4.1). In some landscapes, agriculture and pasture stands compose the matrix, while in others old-
growth forest and secondary forest stands represent the dominant matrix habitat.
In this ecological context of the Caatinga HML, it is reasonable to expect that
the most important LCA impacts refer to those affecting secondary succession/
forest recovery or regeneration dynamics. Preliminary results and field observation
suggest that (1) LCA and other key organisms such as biological soil crusts (BSC)
are favoured by human disturbances, particularly the presence of fallow spots, and
(2) these organisms may interact and impose distinct/differential impacts on forest
regeneration, here briefly presented as working hypotheses (Figure 4.4). One of
the possibilities is that LCA facilitate forest regeneration by a variety of mechanisms: (1) seed and nutrient input from adjacent forest stands, (2) enhanced seedling recruitment in nest-related spots enriched by external refuses, and (3) offering
favourable spots for BSC development, such as inactive nest mounds. More precisely, a fivefold increase in BSC cover on inactive LCA nests suggests that nests
may serve as nuclei of regeneration. Note that BSC have been reported to benefit
plant recruitment and growth, particularly by incrementing soil fertility via nitrogen and carbon inputs (Belnap & Lange, 2001). Such progressive succession can
result in the recovery of old-growth forest stands or scrub vegetation depending on
the duration of the fallow period (Figure 4.4), although assemblages are expected
to support only a subset of LCA-promoted plant species.
In contrast, as human disturbance intensifies (i.e. reduced fallow period, increased
plant collection by human populations and livestock pressure), LCA may retard
forest regeneration, contribute to maintain regeneration in its initial stages (shrub-
dominated or scrub vegetation) or speed up the desertification process (Figure 4.4).
Briefly, these possibilities may result from the negative impacts on plant individuals and populations caused by intense herbivory, seed harvesting and deposition

9781107159754book.indb 82

5/29/2017 7:28:56 PM

83

Leaf-Cutting Ants in Human-Modified Landscapes

83

Old growth dry forest

Slash and burn agriculture
and land abandonment

Secondary succession
Retrogressive succession

Old growth
dry forest

+ LCA
+ BSC

Scrub
vegetation

Leaf-cutting ants
Biological soil crusts
drivers of
successional
trajectories via:
- Seed dispersal/
- predation
- Seedling recruitment
- Herbivory
- Soil engineering

Negative impacts
(lack of positive ones)

++ LCA
+/– BSC

+++ LCA
– – BSC

Open scrub
vegetation

Severe

LCA
BSC

Retarded or arrested

Normal

Positive impacts

Moderate

Progressive succession

Desertified
areas

Increasing Chronic Disturbance
Precipitation Decline
Figure 4.4.

Leaf-cutting ants (LCA) and biological soil crusts (BSC) drive secondary succession
along chronic disturbance and precipitation gradients through herbivory, seed dispersal/
predation, and soil engineering, which in turn impacts germination and seedling
recruitment/performance. Declines in the abundance and positive effects of LCA and BSC
with land use intensity and precipitation lead to differential outcomes of successional
trajectories. Increasing and decreasing abundance of organisms is indicated by the number
of + or –symbols, respectively (+/-refers to less complex BSC communities).

on nests and nutrient storage on deep soil layers by LCA and the collapse of BSC
cover. In addition, active and inactive nest mounds may consist of unsuitable sites
for seedling recruitment like the one observed in the Atlantic Forest (Corrêa et al.,
2010; Bieber et al., 2011; Meyer et al., 2011a, 2011b, 2013). This retrogressive succession can be intensified as precipitation declines (following projected climate
trends) and (1) negatively affects the establishment/performance of BSC and vascular plants, particularly stress-sensitive species, and (2) turns herbivory-related foliage loss more deleterious to plant fitness (Figure 4.4).
Similar to the case of tropical rain forests, we postulate a synergism between
human disturbances, particularly shifting cultivation, increased abundance of LCA
and altered patterns of Caatinga vegetation dynamics. Caatinga vegetation supports a socioecological system in which human populations are highly dependent
of forest products (e.g. firewood, timber, fruits and fodder) and services such as
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capture, storage and the recovery of nutrients stocks via forest regeneration during
fallow periods (Kauffman et al., 1993; Pereira et al., 2003; Leal et al., 2005; Ramos
& Albuquerque, 2012). As the predominant forest habitat, regenerating stands represent a key component of HML in the Caatinga region. This implies that LCA
can affect the socioecological sustainability of the Caatinga by influencing the rates
of forest recovery and the structure of plant assemblages. The working hypotheses
postulating an anthropogenic-biogenic synergism between human populations and
LCA with multiple possibilities in terms of impacts on vegetation dynamics support the notion that LCA operate as key engineers across a variety of ecosystems
(see also Farji-Brener & Silva, 1995, 1996; Vasconcelos et al., 2006; Farji-Brener
& Ghermandi, 2008; Farji-Brener et al., 2010; Vieira-Neto & Vasconcelos, 2010)
for data on LCA in savannas and steppes). However, like the documented impacts
of LCA on plant individuals, populations and assemblages, their role in species
assembly and vegetation dynamics are presumably context-dependent (Leal et al.,
2014a) and largely mediated by the nature of human disturbances imposed on this
landscape, including climate change.

Future Research
A globally growing threat to food production and natural resources, such as timber
and forage, tends to locally disturb practically all ecosystems inhabited by LCA,
from steppes to tropical forests (Harvey et al., 2008; Melo et al., 2013). In addition
to local disturbances, such as habitat loss and fragmentation, CO2 increase and
nitrogen fertilisation, altered rainfall patterns may favour several ecological plant
groups exploited by LCA such as native/exotic pioneers, fast-growing and successional species (Santos et al., 2014). In other words, the natural relationship between
LCA and their environment is expected to change everywhere with a myriad of
potential impacts on the biological dynamics of HML.
In this context, the LCA-
driven successional trajectories proposed here as
among the ultimate impacts on neotropical ecosystems represent working hypotheses towards a better understanding of the role played by LCA in HML. To test
these hypotheses, future research needs to examine (1) additional life-history traits
making LCA successful in disturbed areas, (2) the nature of novel, emergent or
transition ecosystems resulting from the proliferation of LCA, particularly trophic
cascades mediated by LCA-driven vegetation shifts, (3) the effects of inactive nests
on plants, (4) the mechanisms behind soil modifications around active ant nests,
(5) the fate of nutrients deposited into subterraneous fungus and refuse chambers
(i.e. the potential role of nests as carbon sinks), and (6) the generality of both patterns and explanatory mechanisms via cross-taxa and cross-ecosystem comparisons. Exclusion-based experiments are probably required, particularly in the case
of simultaneous occurrence of acute (e.g. forest replacement by large areas of
commodity production) and chronic disturbances (e.g. shifting agriculture, plant
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collection, livestock production), as it is almost impossible to discriminate the multiple drivers and ecological roles of LCA without controlled experiments. Such ecological roles are far from negligible: LCA are not only agricultural pests, but also
key ecological players in HML.
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