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Abstract
The objective of this work is to evaluate the effect of fire on ant assemblages in savanna and forest typologies in 
the Reserva Natural da Serra do Tombador in Cavalcante – Goiás, Brazil. Ant pitfalls traps were installed and 
subdivided into Burnt Cerrado (BC), Unburnt Cerrado (UC), Burnt Forest (BF) and Unburnt Forest (UF), and the 
samples were sorted, assembled and identified. The constancy and abundance of individuals, and the frequency of 
distribution of the genera in the total area and by treatment were evaluated. The UF, BF, UC and BC had 19, 14, 8 
and 15 genera, with Jackknife 1 index indicating 18.5, 24.4, 8.9 and 20.4 respectively. The Shannon diversity index 
for the genera was 0.8462, 0.7604, 0.6448 and 0.5992 for UF, BF, BC and UC respectively. The Cerrado showed 
greater abundance of individuals and greater ant diversity index in relation to Forest when in presence of fire.
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1. INTRODUCTION AND OBJECTIVES

Wildfire is considered a phenomenon that causes major 
economic, environmental and social impacts (JAFARI 
GOLDARAG et al., 2016; KAYET et al., 2020), which could 
get worse in the next decades due to climate change that 
could trigger an increase of these fires (FLANNIGAN et al., 
2013; JOLLY et al., 2015). Fire can shape the landscape and 
change the habitat, flora and fauna structures in a drastic way, 
reducing the area of forests and other natural environments 
(AXIMOFF & RODRIGUES, 2011; CAMARGO et al., 2018).

In the tropics, the Cerrado is the biome with the highest 
amount of forest fires and burnt areas (SCHMIDT & ELOY, 
2020). Savannas can be characterized by continuous grass 
layers with scattered trees and shrubs, growing under dry 
seasonality and warm climatic conditions (ALVARADO 
et al., 2017). In Brazil, the Cerrado (Savanna) is a large fire-
prone ecosystem, and it has evolved under the influence of 

fire (PIVELLO, 2011), covering about 2 million km², which 
represents about 25% of the country’s area (DURIGAN 
& RATTER, 2016). Vegetation in the Cerrado consists of 
different landscapes along environmental gradients and fire 
disturbances, such as savanna physiognomies, in greater 
proportions, and campestral and forest formations (BUENO 
et al. 2018). The thick rhytidome, tubercles, bulbs, shoots, 
underground rhizomes, thick bark and the typical tortuous 
shape of tree species are characteristics of the savanna fire 
adaptation (GOTTSBERGER & SILBERBAUER, 2006; 
COSTA-MILANEZ et al., 2015). Moreover, fire is considered 
an important event for the maintenance of the biodiversity 
in the biome (MARAVALHAS & VASCONCELOS, 2014; 
KELLY & BROTONS, 2017), and it is considered an important 
evolutionary force once it resumes the savanna ecological 
succession stage, benefiting certain species and the dynamic 
environments (KEELEY et al., 2012). However, the increase 
in deforestation caused by pastures and agricultural crops 
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using fire (PEREIRA JÚNIOR et al., 2014; DALLE LASTE 
et al., 2019) and the rise in global temperature (BEDIA et al., 
2014; EUGENIO et al., 2016; JOLLY et al., 2015; STEPHENS 
et al., 2020) threaten the savanna integrity. It is estimated 
that more than half of the Cerrado vegetation coverage has 
already disappeared (BEUCHLE et al., 2015).

In the savanna, due to its heterogeneous vegetation (SANO 
et. al, 2019) with different formations and types of forests, the 
woody composition is different along the gradient, mainly 
where it is related to fire-adapted and fire-independent species 
(HAIDAR et al., 2013). In typical forest physiognomies, wildfires 
stunt the natural regeneration (SANTOS et al., 2018). Tropical 
forests are more fire-sensitive environments, where a single fire 
event can drastically change the vegetation structure (BARLOW 
et al., 2003). The flammability of savannas and tropical forests 
tends to increase due to factors such as fragmentation and land 
usage changes (VELDMAN, 2016), and alterations after a fire 
event and its effects in these environments can be monitored 
by bioindicators (SILVEIRA et al., 2013).

Ants are widely used as bioindicators (RIBAS et al., 2012) 
once they indicate degradation or conservation in different 
areas (SILVA et al., 2013; OBERPRIELER & ANDERSEN, 
2020) and in fire disturbance (ARCUSA, 2019). Fire causes 
direct or indirect effects on ants, altering the structure of their 
habitats, harming species richness and the composition of 
their functional groups (ANDERSEN et al., 2012; SILVEIRA 
et al., 2012; PAOLUCCI et al., 2016).

The foraging and nesting of Formicinae colonies are 
extensive, however they may be restricted to some specific 
micro-habitat, once they can be affected by temperature 
variations, humidity and resources availability (HOLLDOBLER 
& WILSON, 1990; AGOSTI et al., 2000; FÉRNANDEZ & 
SHARKEY, 2006). The type and intensity of degradation or 
alteration in the environment can produce different responses, 

by benefiting or harming species (ROCHA et al., 2015). 
Wildfires damage the soil ecosystems and compromise their 
functionality, reducing the diversity of some of the organisms 
in it, although it can also favor fire-adapted flora and fauna 
(ZAITSEV et al., 2016).

The objective of this work is to evaluate the effect of 
fire on ant assemblages in savanna and forest typologies in 
Brazilian Central-West region. The occurrence, distribution 
and abundance of genera in unburned and post-fire areas 
were evaluated in these two typologies. Understanding 
the effects of disturbance on communities is important to 
direct conservation efforts and manage ecological resources 
(DORNELAS, 2010), and it is also necessary to know the effect 
of the heterogeneity provided by fire on the diversity of ant 
species in vulnerable environments (TAYLOR et al., 2012). 
Many works present the responses of ants after a fire event 
in Cerrado and Atlantic Forest biomes (HOFFMAN et al., 
2009; PACHECO & VASCONCELOS, 2012; MARAVALHAS 
& VASCONCELOS, 2014; VASCONCELOS et al., 2017), 
however they do not compare these responses in different 
phytophysiognomies in the same area of study.

2. MATERIALS AND METHODS

2.1. Study area

The study was carried out in a protected area (Reserva 
Particular de Patrimônio Natural - RPPN) called Reserva Natural 
da Serra do Tombador (RNST) located in the municipality 
of Cavalcante, in the north of Goiás state, in Brazil. The area 
has 8730 ha and was converted into a Protected Area in 
2007, by Fundação Grupo Boticário de Proteção à Natureza, 
as contribution to the conservation of the Cerrado biome 
(FUNDAÇÃO GRUPO BOTICÁRIO, 2011) (Figure 1).

Figure 1. Localization of the Reserva Natural Serra do Tombador, Goiás, Brazil.
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The RNST is located in a   classic Cerrado vegetation 
area with distinct formations and it is covered by a mosaic 
of savanna vegetation that goes from open to closed ones, 
with grassland vegetation and forest formations. There 
are five predominant landscapes in the RNST: Savanna is 
dominant (78.0%), mostly represented by the Cerrado and 
Campo Rupestre; the forest landscape (20.0%) is represented 
by the Dense Ombrophilous Forest and Semideciduous 
Seasonal Forest and the other typologies are Anthropogenic 
formations (2.0%), Veredas (0.8%) and Rocky Outcrop (0.3%) 
(FUNDAÇÃO GRUPO BOTICÁRIO, 2011).

The region is located in the hydrographic basin of the 
Tocantins River with a warm and semi-humid Aw type 
climate (Koppen) with a dry season in winter (RIBEIRO et 
al., 2008). The temperature in 2017 ranged from 12ºC to 35ºC 
and precipitation from 7 to 319mm. June, July and August 
months are generally dry (00mm) and the rainy season 
occurs between November and March, with an average 
monthly rainfall of 132mm (INMET, 2018). In October 
2017, anthropogenic originated fire affected more than 80% 
of the protected area.

2.2. Data collect

Ant traps were installed in the RNST savanna and forest 
formations. These typologies were subdivided into burnt 
areas (affected by the fire) and unburned areas (not affected) 
with the same ecological conditions as the areas were burned 
before the fire, totaling four treatments in forest formations: 
Burnt Forest (BF) and Unburnt Forest (UF) and in savanna 
formations: Burnt Cerrado (BC) and Unburnt Cerrado (UC).

Pitfalls traps were used to sample the ant fauna (adapted 
from BOSCARDIN et al., 2014). The traps were made from a 
400mL plastic container with 100mL of alcohol and 100mL of 
water, and they were protected by plastic lids 10cm above the 
container. A linear 100m transect was made in each treatment 

and ten traps were placed 10m apart from each other in the 
transect, totaling 40 traps in the four above paragraph mentioned 
areas. The 100m transect arranged in 10 traps is a suggested 
methodology to standardize surveys with the Formicidae family, 
as there would be no variations in ant composition at distances 
of up to 100 meters within a forest area (SARMINENTO-M, 
2003). The traps were left in the field for 48 hours. The traps 
were installed on February 22, 2018 and left in the field for 48 
hours, being collected on February 24, 2018.

Then, the samples were sent to the Community Ecology 
Laboratory of the Universidade Federal de Viçosa (LabEcol/
UFV) for sorting, assembly and identification of the species 
(BACCARO et al., 2015).

2.3. Statistical analysis

After identifying and quantifying the species (Annex), the 
constancy and abundance of individuals and the frequency 
of genera distribution in the total area were evaluated by 
treatment in R environment. The richness estimator indices of 
Jacknife 1st order, Sorensen similarity and Shannon diversity 
to identify the similarity and diversity between the genera 
of the areas were obtained.

The dataset was tabulated and analyzed using generalized 
linear modeling (GLM) in R statistical software and graphs 
were created by using the ggplot2 package (WICKHAM, 2016).

3. RESULTS

In the total grouping of data, 1,397 individuals of 72 
species (Annex), distributed in 28 genera of seven subfamilies 
were collected. The richest subfamily in diversity was 
Myrmicinae, with 38 species and 11 genera (approximately 
57% of individuals). The genus Pheidole (Myrmicinae) was 
the most representative in number (49.03%) followed by 
Ectatomma (Ectatomminae) (10.74%) (Table 1). 

Table 1. Formicidae genera distribution by treatment in Cerrado vegetation types, Reserva Nacional Serra do Tombador, Goiás, Brazil.

Subfamily/Genus UF BF UC BC Total 

Dolichoderinae 20

Dolichoderus 2 - - - 2

Dorymyrmex - - - 12 12

Forelius - - - 1 1

Linepithema 3 - - 2 5

Ectatomminae 287

Ectatomma 37 30 83 - 150

Gnamptogenys 16 16 - 105 137
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Subfamily/Genus UF BF UC BC Total 

Formicinae 115

Brachymyrmex 3 - 3 2 8

Camponotus 3 13 9 75 100

Nylanderia 6 1 - - 7

Myrmicinae 798

Acromyrmex 1 - - - 1

Atta 10 9 - - 19

Cephalotes - 1 - - 1

Crematogaster 3 - - 8 11

Mycocepurus - - - 4 4

Ochetomyrmex - 37 - 7 44

Pheidole 99 155 103 328 685

Sericomyrmex 4 16 - - 20

Solenopsis - 1 6 - 7

Trachymyrmex 1 - - 3 4

Wasmannia 2 - - - 2

Non-Identified 1

Non-Identified - - - 1 1

Ponerinae 86

Centromyrmex - - 1 - 1

Dinoponera 1 - 24 5 30

Hypoponera - 1 - - 1

Neoponera 3 26 9 - 38

Odontomachus 3 8 - 1 12

Pachycondyla 3 1 - - 4

Pseudomyrmecinae 90

Pseudomyrmex 20 - - 70 90

TOTAL 220 315 238 624 1397
Where: forest formations = Burnt Forest (BF) and Unburnt Forest (UF) savana formations = Burnt Cerrado (BC) e Unburnt Cerrado (UC)

Table 1. Continued...

The BC treatment was the most representative in number 
(44.67%), while the UF was the least one (15.75%). BF and UC 
represented 22.55% and 17.04% of the individual’s abundance, 
respectively. According to Figure 2, the fire episode revealed 
no difference in abundance in the forest formation (BF x 
UF), unlike the treatments in the savanna formation (BC x 
UC), which showed greater abundance of ants in BC. The 
similarity of Sorensen by genus showed that the BC and UC 
treatments showed no similarity (0.35), while the BF and 
the UF showed it (0.61).

The distribution of genera types was different among 
treatments. Out of the 28 genera found, UF presented 19 
and BF presented 14, with Jackknife 1 index indicating 18.5 

and 24.4 respectively to these treatments. UC had a smaller 
number of genera (8) and BC presented 15, with 8.9 and 20.4 
of Jackknife 1 index, respectively. In the savanna formation, 
Gnamptogenys and Pseudomyrmex stood out for appearing 
with a high representation of individuals in the burned area. 
On the other hand, the genus Ectatomma, which showed high 
distribution in the UC, was not represented in the savanna 
formation affected by fire. The genus Ochetomyrmex, not found 
in the UF, was highly representative in the BF. Pseudomyrmex, 
which was distributed in UF, was not found at BF. The genera 
Pheidole and Camponotus were the only ones present in all 
treatments. The Atta genus only occurred in forest treatment, 
before and after burning (Figure 3). 
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Figure 2. Distribution of Formicidae individuals by treatments in the Reserva Nacional Serra do Tombador, Goiás, Brazil.

Figure 3. Distribution of Formicidae genera by treatment in the Reserva Nacional Serra do Tombador, Goiás.

The Shannon diversity index for the forest area genera 
was 0.8462 for the area not affected by fire and 0.7604 for 
the affected area. The index values for the savanna area 
were 0.6448 for the burned environment and 0.5992 for the 
unburned environment.

4. DISCUSSION

In several studies in Brazil central region, Myrmicinae was 
also the subfamily with the highest species richness (SOARES 
et al., 2010; MARAVALHAS & VASCONCELOS, 2014). In 
the entire Neotropical region, Myrmicinae is the largest and 
most diverse subfamily, with ease in adaptation to different 
ecological niches, high degree of social complexity (DORVAL 
et al., 2017) and presence in a wide variety of habitats, from 
tropical forests to savannas and deserts (WILSON, 2003). In 
the region of Uberlândia, Prata and Caldas Novas cities, located 
in the center of Brazil, in footpaths, thin savannah, dense 

savanna and savannah vegetation, 135 species of ants were 
recorded in pitfalls traps, being Pheidole the most diversified 
genus (20%), followed by Camponotus (16%) (PACHECO & 
VASCONCELOS, 2012). Collections in native cerrado and 
eucalyptus areas in Ivinhema city, Mato Grosso do Sul state, 
in midwest region of Brazil, registered the genus Pheidole with 
the highest number of species, followed by Ectatomma and 
Camponotus, with Pheidole being the most abundant genus 
both in the Cerrado and in the eucalyptus areas (SOARES et al., 
2010). Pheidole is one of the largest genera, being generalists, 
occurring in different environments and having high numerical 
dominance and hyperdiversity, present in areas of tropical 
forests, savannas and deserts (WILSON, 2003; ECONOMO 
et al., 2014). Ectatomma is found in various environments, 
from forests to savannas, as they have nomadic life habits, 
are generalist predators and need a greater variety of habitats 
to forage in search of food resources (HOLLDOBLER &  
WILSON, 1990; BACCARO et al., 2015).
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In general terms, both in forests and in the cerrado, 
fire may not significantly affect the abundance of ants, but 
it interferes in the diversity of genera (VASCONCELOS 
et al., 2017). However, ecosystems that depend on the 
maintenance of more dynamic ecological states may benefit 
from fire, unlike ecosystems characterized by a stable climatic 
condition, which can be harmed by fires (HOFFMAN 
et al., 2009; VASCONCELOS et al., 2017). Savannas are 
ecosystems considered dependent on fire, with a burning 
process that helps in their maintenance (HOFFMAN et al, 
2009; VASCONCELOS et al., 2017).

Variable fire regimes can produce habitat heterogeneity, 
benefiting myrmecory (MARAVALHAS & VASCONCELOS, 
2014). Besides the local variations in the incidence of fire in 
nutrient content and soil moisture that lead to large variations 
in plant cover, the mosaic of plant formations found in the 
Cerrado is an important factor for the maintenance of ant 
species (PACHECO & VASCONCELOS, 2012). Maravalhas 
& Vasconcelos (2014) support the pyrodiversity/biodiversity 
hypothesis for neotropical savanna ants, in which a fire 
regimes mosaic may be crucial for the maintenance of ant 
species (ARAÚJO et al., 2013). 

In tropical forests, wildfires are rarer when comparing 
to Cerrado, as they do not have characteristics of adaptation 
to burning, such as resistant plants (HOFFMAN et al., 
2009). Changes in the structure of vegetation caused by 
fire can cause changes in ant communities, reducing the 
abundance of forest specialist ants (PAOLUCCI et al., 2017), 
as well as the severity and frequency of fire influence on the 
constitution of invertebrates in general (GONGALSKY & 
PERSSON, 2013; BUCKINGHAM et al., al., 2019). Also, 
the time since disturbance can affect species biotic factors, 
such as dispersal, physiology and competition (HUEBNER 
et al., 2012; MALMSTRÖM, 2012; AUCLERC et al., 2019).

Fire significantly decreases the diversity of ants in tropical 
forests (VASCONCELOS et al., 2017). This decrease in diversity 
may be related to the complexity of the forest environment 
and changes in vegetation structure after fire (BARLOW et al., 
2003; PILON et al., 2021). Forest areas present greater leaves 
litter production, less tree spacing and greater biomass per 
unit area than the cerrado, increasing the biome’s production 
and heterogeneity (SILVA et al., 2013). In forests and other 
habitats with strong vertical stratification, species diversity is 
high, but the relative dominance may be lower (PANIZZI & 
PARRA, 1991). More heterogeneous environments present 
greater availability of resources for generalist ant species 
and greater variety for specialist ones (RIBAS et al., 2003). 
Pacheco & Vasconcelos (2012) found, on average, less species 
variety in the structurally least complex habitat, despite the 
low variation in species abundance among the remaining 

habitats, and the strong differences in vegetation structure 
among them. In deserts, pastures and savannas, this behavior 
does not occur, as fire may not significantly affect both the 
abundance and diversity of ants, due to the adaptation of the 
cerrado to fire (VASCONCELOS et al., 2017), in addition 
to the hypothesis that fire promotes the biodiversity of this 
phytophysiognomy (ARAÚJO et al., 2013; MARAVALHAS 
& VASCONCELOS, 2014).

Some soil arthropods abundancy may increase with 
the fire frequency, while others may be harmed or not 
change (CAUT et al., 2014; CANEDO-JÚNIOR et al., 2016; 
ANJOS et al., 2017; FAGUNDES et al., 2018). The diet of the 
Formicidae family is classified by genera (FERNÁNDEZ et 
al., 2006), being influenced by variations in temperature, 
humidity and resource availability (HOLLDOBLERET & 
WILSON, 1990; CURBANI et al., 2021). However, their 
eating habits are diversified, what facilitates the exploring 
of most terrestrial ecosystems (JAFFE, 2004). Fire can alter 
species richness, composition and dominance, harming or 
benefiting them (RIBAS et al., 2012; ROCHA et al., 2015). 
Its intensity, frequency and extension change the competitive 
balance among species and, consequently, the structure 
of communities, benefiting species with generalist habits 
(FRIZZO et al., 2011).

Gnamptogenys are generally found in humid forests, but 
they appear in savanna areas, once they have generalist habits 
and benefit from different environments (RICO-GRAY et al., 
2007; BACCARO et al., 2015), even with fire disturbance. 
Pseudomyrmex have nesting habits, building nests in dead 
and hollow plant branches (WARD, 1990), which may have 
favored their presence in BC. The Ectatommas are known  
as army ants, with nomadic and predatory life habits, and 
with a huge variety of habitats requirements to forage 
and move to find new food resources (HOLLDOBLER 
& WILSON, 1990). They are also generalists, but oftenly 
appear in savanna areas in South America and in humid forests 
(RICO-GRAY et al., 2007).

The Ochetomyrmex genus stands out for its richness in 
species and in great morphological variety, which turns it 
into a large representative genus of species for obtaining 
food, reproduction and nesting (BACCARO et al., 2015).  
It is restricted to South America, ranging from lowland 
tropical forests to the east of the Andes and nesting in plant 
litter (FERNÁNDEZ, 2003). The occurrence of Pseudomyrmex 
in unburned forest is due to the genus’ preference for native 
vegetation (WARD, 1990) and because they are food dependent 
on plant products (FERNÁNDEZ & SHARKEY, 2006).

Pheidole and Camponotus are the most numerous genera 
of species in the family, with most of these species being 
omnivorous (BACCARO et al., 2015). Ants of the genus Atta 
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belong to the tribe Attini (Myrmicinae), and use plant material 
as a substrate of symbiotic fungus – the genus’ main food source 
(FOWLER & CLAVE, 1991). They are known as leaf-cutting 
ants or saúvas, also important herbivores of neotropical forests, 
due to their cutting leaves habit (COSTA et al., 2009). They 
are considered fire resistant because they proliferate in altered 
habitats or in early succession stages (SANTOS et al., 2008).

In tropical forest environments, ants are considered 
organisms with high richness and abundance in variety, 
representing more than 60% of the arthropod fauna, with 
differentiated composition and foraging (ELLWOOD et al., 
2004), being found in all forest strata, from canopy to the 
ground (VASCONCELOS et al., 2008). Diversity in UF is 
greater than in BF because of its heterogeneity as a result 
of the strong vertical stratification and increase in food 
and housing resources, as already mentioned (PANIZZI & 
PARRA, 1991; RIBAS et al., 2003). Both the richness and the 
composition of genera can be explained by environmental 
heterogeneity mediated through the complexity and variability 
of resources (TEWS et al., 2004; SANDERS & NICKEL, 
2008), in addition to being an environment that does not 
have characteristics of adaptation to fire (HOFFMAN et al., 
2009). The diversity index of the burnt savanna formation, 
on the other hand, is greater than the unburnt one, and it 
reinforces its adaptation (BOND et al., 2005; ARAÚJO et al., 
2013), resistance (HOFFMAN, 2009; ANDERSEN et al., 2014; 
VASCONCELOS et al., 2017) and promotion of biodiversity 
through fire events (MARAVALHAS & VASCONCELOS 
et al., 2014; KELLY & BRONTONS, 2017).

The adaptation of savanna formations to fire is noticeable 
due to the greater abundance and diversity of the burnt 
phytophysiognomy when compared to the unburnt one. 
The Cerrado is an ecosystem considered adapted to fire due 
to its dynamic ecological states (HOFFMAN et al., 2009; 
VASCONCELOS et al., 2017), with thick and tortuous bark 
trees that characterize the arboreal adaptation to these events 
(GOTTSBERGER & SILBERBAUER, 2006), in which these 
characteristics of environmental heterogeneity can benefit ant 
communities (MARAVALHAS & VASCONCELOS, 2014). 
However, in the forest phytophysiognomy, this adaptation 
is not perceived when comparing burnt and unburnt forest 
environments. Forest biomes have high heterogeneity 
(PANIZZI & PARRA, 1991; RIBAS et al., 2003) with a more 
stable climate condition, nevertheless it can be disrupted by 
fire episodes (HOFFMAN et al., 2009; VASCONCELOS et al., 
2017), affecting the fauna and flora diversity.

5. CONCLUSIONS

This study states, by using ants as fire impact bioindicators, 
that the savanna formation of the Cerrado is favored by fire 
as it demonstrates greater abundance of individuals and a 
greater diversity index when compared to not burnt savanna, 
in addition to emergence of new ant genera in the burned area.

The forest physiognomy of the Cerrado, on the other 
hand, by presenting a statistical difference in the abundance of 
individuals and similarity between burnt and unburnt forest 
formation, in addition to the smaller number of genera and 
lower diversity index in the forest affected by fire, leads to the 
conclusion that fire can negatively impact on the diversity of 
ant genera in this phytophysiognomy.

SUBMISSION STATUS
Received: 21 Mar. 2022
Accepted: 21 Mar. 2022
Associate editor: Fernando Gomes 

CORRESPONDENCE TO
Vicente Paulo Santana Neto
Departamento de Engenharia Florestal, Rua Purdue - Campus UFV, 
CEP 36570-900, Viçosa, MG, Brasil.
e-mail: vipsneto@gmail.com

AUTHORS’ CONTRIBUTIONS
Aline das Graças Costa: conceptualization (lead); formal analysis 
(lead); methodology (lead); writing (original draft-lead).
Fillipe Tamiozzo Pereira Torres: methodology (equal); project 
administration (lead); supervision (supporting).
Gumercindo Souza Lima: data curation (equal); project administration 
(equal); supervision (equal).
Fabiano Rodrigues de Melo: methodology (equal); project 
administration (equal); supervision (equal).
Vinícius Barros Rodrigues: data curation (equal); formal analysis 
(equal); investigation (equal).
Vicente Paulo Santana Neto: writing (original draft-supporting); 
writing (review & editing-equal). 
Tiago Vinicius Fernandes: data curation (supporting); formal 
analysis (supporting); investigation (supporting).

SUPPLEMENTARY MATERIAL
The following online material is available for this article:  
Annex. Distribution of ant subfamilies and species by 
phytophysiognomies affected and not affected by the Cerrado fire 
at Reserva Nacional Serra do Tombador, Goiás, Brazil.

http://orcid.org/0000-0003-0363-4888


Floresta e Ambiente 2022; 29(1): e20220025

8 - 10 Costa AG, Torres FTP, Lima GS, Melo FR, Rodrigues VB, Santana Neto VP, Fernandes TV

8

REFERENCES
AGOSTI D, MAJER J, ALONSO LE, SCHULTZ R. (Eds.). Ants: 
Standard methods for measuring and monitoring biodiversity. 
Washington, D. C.: Smithsonian Institution Press. 2000. 280p. 

ALVARADO ST, FORNAZARI T, CÓSTOLA A, MORELLATO LPC, 
SILVA TSF. Drivers of fire occurrence in a mountainous Brazilian 
cerrado savanna: Tracking long-term fire regimes using remote 
sensing. Ecological Indicators 2017; 78: 270–281.

ANDERSEN AN, WOINARSKI JCZ, PARR CL. Savanna burning for 
biodiversity: fire management for faunal conservation in Australian 
tropical savannas. Austral Ecology 2012; 37: 658–667.

ANDERSEN AN, RIBBON RR, PETTIT M, PARR CL. Burning 
for biodiversity: highly resilient ant communities respond 
only to strongly contrasting fire regimes in Australia’s seasonal 
tropics. Journal of Applied Ecology 2014; 51: 1006-1013.

ANJOS D, CAMPOS R, CAMPOS R, RIBEIRO S. Monitoring effect of 
fire on ant assemblages in brazilian rupestrian grasslands: Contrasting 
effects on ground and arboreal fauna. Insects 2017; 8(3): 1–12.

ARAÚJO GM, AMARAL AF, BRUNA EM, VASCONCELOS HL. 
Fire drives the reproductive responses of herbaceous plants in a 
Neotropical swamp. Plant ecology 2013 (214): 1479-1484.

ARCUSA JM. Fire effects on the ant community in areas of native 
and exotic vegetation. Sociobiology 2019; 66(1): 44–51.

AUCLERC A, LE MOINE JM, HATTON PJ, BIRD JA, 
NADELHOFFER KJ.  Decadal post-fire succession of soil 
invertebrate communities is dependent on the soil surface properties 
in a northern temperate forest. Science of The Total Environment 
2019; 647(10): 1058-1068.

AXIMOFF I, RODRIGUES RC. Histórico dos incêndios florestais 
do Parque Nacional do Itatiaia. Ciência Florestal 2011; 21(1): 83-92.

BACCARO FB, FEITOSA, RM, FERNÁNDEZ F, FERNANDES 
IO, IZZO TJ, SOUZA, JLP, SOLAR, RRC. Guia para os gêneros de 
formigas do Brasil. Manaus: Editora INPA, 2015. 388 p.

BARLOW J, PERES CA, LAGAN BO, HAUGAASEN T. Large tree 
mortality and the decline of forest biomass following Amazonian 
wildfires. Ecology Letter 2003; 6: 6–8.

BEDIA J, HERRERA S, CAMIA A, MORENO JM, GUTIÉRREZ 
JM. Forest fire danger projections in the Mediterranean using 
ENSEMBLES regional climate change scenarios. Climatic Change 
2014; 122(1–2): 185–199.

BEUCHLE R, GRECCHI RC, SHIMABUKURO YE, SELIGER 
R, EVA HD, SANO E, ACHARD, F. Land cover changes in the 
Brazilian Cerrado and Caatinga biomes from 1990 to 2010 based on 
a systematic remote sensing sampling approach. Applied Geography 
2015; 58: 116-127.

BOND WJ, WOODWARD FI, MIDGLEY GF. The global distribution 
of ecosystems in a world without fire. New Phytologist 2005, 165: 
525-538.

BOSCARDIN, J, COSTA, E. C, DELABIE, J. H. C, GARLET, J. Efeito 
do fogo sobre a riqueza de formigas (Hymenoptera: Formicidae) 
associadas à Pinus elliottii Engelm. No sul do Brasil. Ciência Florestal 
2014; 24: 1031-1040.

BUCKINGHAM S, MURPHY N, GIBB H. Effects of fire severity 
on the composition and functional traits of litter-dwelling 
macroinvertebrates in a temperate forest. Forest Ecology and 
Management 2019; 434(December 2018): 279–288.

BUENO LM, DEXTER KG, PENNINGTON, RT, PONTARA 
V, NEVES, DM, RATTER, JA, OLIVEIRA-FILHO AT. The 
environmental triangle of the Cerrado domain: ecological factors 
driving shifts in tree species composition between forests and 
savannas. Journal Ecology 2018; 106: 2109-2120.

CAMARGO ACL, BARRIO ROL, CAMARGO NF, MENDONÇA 
AF, RIBEIRO JF, RODRIGUES KMF et al. Fire affects the occurrence 
of small mammals at distinct spatial scales in a neotropical savanna. 
European Journal of Wildlife Research 2018. 64 (63).

CANEDO-JÚNIOR EO, GONÇALVES CUISSI R, DE ALMEIDA 
CURI NH, RAMOS DEMETRIO G, LASMAR CJ, MALVES K, et 
al. Can anthropic fires affect epigaeic and hypogaeic Cerrado ant 
(Hymenoptera: Formicidae) communities in the same way? Revista 
de Biología Tropical 2016; 64(1): 95 p.

CAUT S, JOWERS MJ, ARNAN X, PEARCE-DUVET J, RODRIGO 
A, CERDA X, et al. The effects of fire on ant trophic assemblage and 
sex allocation. Ecology and Evolution 2014; 4(1): 35–49.

Costa AN, Vasconcelos HL, Vieira-Neto EHM, Bruna EM. Do 
herbivores exert top-down effects in Neotropical savannas? Estimates 
of biomass consumption by leaf-cutter ants. Journal of Vegetation 
Science 2008; 19: 849-854.

COSTA-MILANEZ CB, RIBEIRO FF, CASTRO PTA, MAJER JD, 
RIBEIRO SP. Effect of fire on ant assemblages in brazilian cerrado in 
areas containing vereda wetlands. Sociobiology 2015; 62(4): 494–505.

CURBANI F, ZOCCA C, FERREIRA RB, WAICHERT C, 
SOBRINHO TG, SRBEK-ARAUJO AC. Litter surface temperature: 
A driving factor affecting foraging activity in Dinoponera lucida 
(Hymenoptera: Formicidae). Sociobiology 2021; 68(1): 1–9.

DALLE LASTE KC, DURIGAN G, ANDERSEN AN. Biodiversity 
responses to land-use and restoration in a global biodiversity hotspot: 
Ant communities in Brazilian Cerrado. Austral Ecology 2019; 
44(2): 313–326.

DORNELAS M. Disturbance and change in biodiversity. 
Philosophical Transactions of the Royal Society B 2010; 365: 
3719–3727.

DORVAL A, PERES FILHO O; JORGE VC; SOUZA MD DE; 
ROCHA WO. Diversity of ants in a savanna area in the city of 
Cuiabá, Mato Grosso, Brazil. Revista Espacios; 38(31): 3, 2017.

DURIGAN G, RATTER JA. The need for a consistent fire policy for 
Cerrado conservation. Journal of Applied Ecology 2016; 53(1): 11–15.

ECONOMO EP, KLIMOV P, SARNAT EM, GUÉNARD B, 
WEISER MD, LECROQ B, et al. Global phylogenetic structure of 
the hyperdiverse ant genus Pheidole reveals the repeated evolution 
of macroecological patterns. Proceedings of the Royal Society B: 
Biological Sciences 2014; 282(1798).

ELLWOOD, MDF; FOSTER, WA. Doubling the estimate of 
invertebrate biomass in a rainforest canopy. Nature 2004; 426: 
549-551.



Fire Influence on the Ants...

Floresta e Ambiente 2022; 29(1): e20220025 9

9 - 10

EUGENIO FC, DOS SANTOS AR, FIEDLER NC, RIBEIRO GA, 
DA SILVA AG, DOS SANTOS ÁB, et al. Applying GIS to develop 
a model for forest fire risk: A case study in Espírito Santo, Brazil. 
Journal of Environmental Management 2016; 173: 65–71.

FAGUNDES R, LANGE D, ANJOS DV, PAIXÃO DE LIMA F, 
NAHAS L, CORRO EJ, et al. Limited effects of fire disturbances on 
the species diversity and structure of ant-plant interaction networks 
in Brazilian Cerrado. Acta Oecologica 2018; 93(March): 65–73.

FERNÁNDEZ F. Subfamília Formicinae. In: Fernández, F. (Ed.). 
Introducción a las hormigas de la región Neotropical. Bogotá-COL: 
Instituto de Investigación de Recursos Biológicos Alexander Von 
Humboldt 2003; 299-306.

FERNÁNDEZ F, SHARKEY MJ. Introducción a los Hymenoptera 
de la Región Neotropical. Univ. Nacional de Colombia, 2006. 

FLANNIGAN M; CANTIN AS, GROOT WJ, WOTTON M, 
NEWBERY A, GOWMAN LM. Global wildland fire season severity 
in the 21st century. Forest Ecology and Management 2013; 294: 54–61.

FOWLER HG, CLAVE S. Leaf-cutter ant assemblies: effects of 
latitude, vegetation and behaviour. In: Huxley, C. R. & Cutler, D. F. 
(eds.). Ant-Plant Interaction 1991. Oxford University Press, Oxford.

FRIZZO TLM, BONIZÁRIO C, BORGES MP, VASCONCELOS HL. 
Revisão dos efeitos do fogo sobre a fauna de formações Savânicas 
do Brasil. Oecologia Australis 2011; 15: 365–379.

FUNDAÇÃO GRUPO BOTICÁRIO. Plano de Manejo da Reserva 
Natural Serra do Tombador. Supervisão: Gustavo Adolfo Gatti, 2011.

GONGALSKY KB, PERSSON T. Recovery of soil macrofauna after 
wildfires in boreal forests. Soil Biology and Biochemistry 2013; 
57: 182–191.

GOTTSBERGER G, SILBERBAUER-GOTTSBERGER I. Life in 
the Cerrado: a south American tropical seasonal ecosystem. Reta 
Verlag, 2006.

HAIDAR RF, FAGG JMF, PINTO JRR, DIAS RR, DAMASCO 
G, SILVA LCR et al. Florestas estacionais e áreas de ecótono no 
estado do Tocantins, Brasil: Parâmetros estruturais, classificação 
das fitofisionomias florestais e subsídios para conservação. Acta 
Amzônica 2013; 43: 261–290.

HOFFMANN, WA, ADASME, R, HARIDASAN, M, DE 
CARVALHO, MT, GEIGER, EL, PEREIRA, MAB et al. Tree topkill, 
not mortality, governs the dynamics of savanna–forest boundaries 
under frequent fire in central Brazil. Ecology 2009; 90: 1326–133.

HOLLDOBLER B, WILSON EO. The ants. Cambridge: Havard 
University Press, 1990, 746p.

HUEBNER K, LINDO Z, LECHOWICZ MJ. Post-fire succession of 
collembolan communities in a northern hardwood forest. European 
Journal of Soil Biology; 48: 59–65, 2012.

INMET – INSTITUTO NACIONAL DE METEREOLOGIA. 2018. 
Brasília: INMET. [cited 2018 aug 16] Available from: <http://www.
inmet.gov.br/portal/index.php?r=bdmep/bdmep>.

JAFFE K. Mundo de las Hormigas. Equinoccio, Ediciones de la 
Universidad Simón Bolívar, 2004, 148p.

JAFARI GOLDARAG Y, MOHAMMADZADEH A, ARDAKANI 
AS. Fire Risk Assessment Using Neural Network and Logistic 

Regression. Journal of the Indian Society of Remote Sensing 2016; 
44(6): 885–894, 

JOLLY WM, COCHRANE MA, FREEBORN PH, HOLDEN ZA, 
BROWN TJ, WILLIAMSON GJ et al. Climate-induced variations in 
global wildfire danger from 1979 to 2013. Nature Communications 
2013, 6 (7537). doi: 10.1038/ncomms8537

KAYET N, CHAKRABARTY A, PATHAK K, SAHOO S, DUTTA T, 
HATAI BK. Comparative analysis of multi-criteria probabilistic FR and 
AHP models for forest fire risk (FFR) mapping in Melghat Tiger Reserve 
(MTR) forest. Journal of Forestry Research 2020; 31(2): 565–579.

KEELEY JE, BOND WJ, BRADSTOCK RA, PAUSAS JG, RUNDEL 
PW. Fire in Mediterranean Ecosystems: ecology, evolution and 
management, Cambridge University Press, 2012. 515 p.

KELLY LT, BROTONS L. Using fire to promote biodiversity. Science; 
355 (6331): 1264-1265, 2017. Malmström, A. Life-history traits 
predict recovery patterns in Collembola species after fire: a 10-year 
study. Applied Soil Ecology 2012; 56: 35–42.

MMA - MINISTÉRIO DO MEIO AMBIENTE. Termo de Referência 
para a Elaboração do Plano Diretor de Recursos Hídricos da Bacia 
Hidrográfica do Rio Tocantins. Versão Preliminar. Brasília: 56. 2001.

MARAVALHAS J, VASCONCELOS HL. Revisiting the pyrodiversity/
biodiversity hypothesis: long term fire regimes and the structure 
of ant communities in a Neotropical savanna hotspot. Journal of 
Applied Ecology 2014; 51: 1661-1668.

OBERPRIELER SK, ANDERSEN AN. The importance of sampling 
intensity when assessing ecosystem restoration: ants as bioindicators 
in northern Australia. Restoration Ecology 2020; 28(4): 737–741

PACHECO R, VASCONCELOS HL.  Habitat diversity enhances 
ant diversity in a naturally heterogeneous Brazilian landscape. 
Biodiversity and Conservation 2012; 21(3): 797-809.

PANIZZI AR, PARRA JRP. Ecologia Nutricional de Insetos e suas 
Implicações no Manejo de Pragas. Manole LTDA, 1991, 359p.

PAOLUCCI LN, MAIA MLB, SOLAR RRC, CAMPOS RI, 
SCHOEREDER JH, ANDERSEN AN. Fire in the Amazon: impact of 
experimental fuel addition on responses of ants and their interactions 
with myrmecochorous seeds. Oecologia 2016; 182: 335–346.

PAOLUCCI LN, SCHOEREDER JH, BRANDO PM, ANDERSEN AN. 
Fire-induced forest transition to derived savannas: cascading effects 
on ant communities. Biological Conservation 2017; 214: 295–302.

PEREIRA JÚNIOR AC, OLIVEIRA SLJ, PEREIRA JMC, TURKMAN 
MAA. Modelling fire frequency in a Cerrado savanna protected area. 
PLoS ONE 2014; 9(7).

PIVELLO VR. The use of fire in Brazil: past and present. Fire Ecology 
2011; 7: 24-39.

RIBAS CR, SCHOEREDER JH, PIC M; SOARES SM. Tree 
heterogeneity, resource availability, and larger scale processes 
regulating arboreal ant species richness. Austral Ecology; 28(3): 
305-314, 2003.

RIBAS CR, CAMPOS RBF, SCHMIDT FA, SOLAR RRC. Ants 
as indicators in Brazil: a review with suggestions to improve the 
use of ants in environmental monitoring programs. A Journal of 
Entomology 2012; 2012: 1–23.



Floresta e Ambiente 2022; 29(1): e20220025

10 - 10 Costa AG, Torres FTP, Lima GS, Melo FR, Rodrigues VB, Santana Neto VP, Fernandes TV

10

RIBEIRO JF, WALTER BMT. As principais fitofisionomias do bioma 
Cerrado. In: Cerrado: ecologia e flora. Embrapa Cerrados 2008; 
10: 151-212.

RICO-GRAY V; OLIVEIRA PS. The ecology and evolution of ant-
plant interactions. Chicago: University of Chicago Press, 2007. 320 p.

ROCHA WO, DORVAL A, PERES FILHO O, VAEZ CA, RIBEIRO 
ES. Formigas (Hymenoptera: Formicidae) Bioindicadoras de 
degradação ambiental em Poxoréu, Mato Grosso, Brasil. Floresta 
e Ambiente 2015; 22: 88–98.

SANDERS DH, NICKEL H, GRTUTZNER T, PLATNER C. Habitat 
structure mediates topdown effects of spiders and ants on herbivores. 
Applied Ecology 2008; 9: 152-160.

SANO EE, RODRIGUES AA, MARTINS ES, BETTIOL GM, 
BUSTAMANTE MMC, BEZERRA AS, et al. Cerrado ecoregions: 
A spatial framework to assess and prioritize Brazilian savanna 
environmental diversity for conservation. Journal of Environmental 
Management 2019; 232(July 2018): 818–828.

SANTOS BA, PERES CA, OLIVEIRA MA, GRILLOA, ALVES-
COSTA CP, TABARELLI M. Drastic erosion in functional attributes 
of tree assemblages in Atlantic forest fragments of northeastern 
Brazil. Biological Conservation 2008; 141: 249-260.

SANTOS JFC, GLERIANI JM, VELLOSO SGS, SOUZA GCA, 
AMARAL CH, TORRES FTP et al. Wildfires as a major challenge 
for natural regeneration in Atlantic Forest. Science of The Total 
Environment 2018. v. 650. p.8019-821.

SCHMIDT IB, ELOY L. Fire regime in the Brazilian Savanna: Recent 
changes, policy and management. Flora: Morphology, Distribution, 
Functional Ecology of Plants 2020; 268(May).

SILVA FHO, DELABIE JHC, SANTOS GB, MEURER E, MARQUES 
MI. Mini-Winkler extractor and pitfall trap as complementary 
methods to sample Formicidae. Neotropical Entomology 2013; 
42: 351–358.

SILVEIRA JM, BARLOW J, ANDRADE RB, MESTRE LA, LACAU 
S, COCHRANE MA. Responses of leaf-litter ant communities to 
tropical forest wildfires vary with season. Journal Tropical Ecology 
2012; 28: 515–518.

SILVEIRA JM, BARLOW J, ANDRADE RB, LOUZADA J, MESTRE 
LA, LACAU S et al. The responses of leaf litter ant communities 
to wildfires in the Brazilian Amazon: a multi-region assessment. 
Biodiversity and Conservation 2013; 22: 513–529.

SOARES AS, ANTONIALLI-JUNIOR WF, LIMA-JUNIOR SE. 
Diversidade de formigas epigéicas (Hymenoptera, Formicidae) 
em dois ambientes no Centro-Oeste do Brasil. Revista Brasileira 
de Entomologia 2010; 54: 76-81.

STEPHENS SL, WESTERLING ALR, HURTEAU MD, PEERY MZ, 
SCHULTZ CA, THOMPSON S. Fire and climate change: conserving 
seasonally dry forests is still possible. Frontiers in Ecology and the 
Environment 2020; 18(6): 354 – 360.

TAYLOR RS, WATSON SJ, NIMMO DG, KELLY LT, BENNETT AF, 
CLARKE MF. Landscape-scale effects of fire on bird assemblages: 
does pyrodiversity beget biodiversity? Diversity and Distributions; 
18: 519-529, 2012.

TEWS JU; BROSE V, GRIMM K, TIELBORGER MC; WICHMANN 
M, SCHWAGER FF. Animal species diversity driven by habitat 
heterogeneity/diversity: the importance of kerystone structures. 
Journal os Biogeography 2004; 31: 79-82.

VASCONCELOS HL, LEITE MF, VILHENA JMS; LIMA 
PA, MAGNUSSON WE. Ant diversity in Amazonian savana: 
Relationship with vegetation structure, disturbance by fire, and 
dominant ants. Austral Ecology 2008; 33: 221-23.

VASCONCELOS HL, MARAVALHA JB, CORNELISSEN T. Effects 
of fire disturbance on ant abundance and diversity: a global meta-
analysis. Biodiversity and Conservation 2017; 26(1): 177-188. 

VELDMAN JW. Clarifying the confusion: old-growth savannahs 
and tropical ecosystem degradation. Philosophical Transactions of 
the Royal Society 2016; 371.

WARD PS. The ant subfamility Pseudomyrmecinae (Hymenoptera: 
Formicidae): generic revision and relationship to other formicids. 
Systematic Entomology 1990; 15: 449–489.

WICKHAM H.  Ggplot2: Elegant Graphics for Data Analysis. 
Springer-Verlag New York. 2016.

WILSON EO. La hiperdiversidad como fenómeno real: el caso de 
Pheidole: 363−370. In: F. Fernàndez, (eds). Introducción a las hormigas 
de la región Neotropical. Instituto Humboldt. Bogotá, v 26. 2003.

ZAITSEV AS, GONGALSKY KB, MALMSTRÖM A, PERSSON T, 
BENGTSSON J. Why are forest fires generally neglected in soil fauna 
research? A mini-review.  Applied Soil Ecology 2016; 98: 261–271.

ZHANG Y, LIM S, SHARPLES JJ. Modelling spatial patterns of 
wildfire occurrence in South-Eastern Australia, Geomatics, Natural 
Hazards and Risk 2016; 7(6): 1800-1815.


	_Ref13690823
	_Ref13757336
	_Ref13690887
	_Ref13690969

