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Abstract. The effects of vegetation burning on populations and species composition of Anastrepha fruit flies in environments of the Cerrado are 
unknown. Thus, this study investigated the influence of fire on a community of fruit flies in two Cerrado environments, namely, typical Cerrado 
(savanna-like) and forested Cerrado. We collected species of Anastrepha, using McPhail traps weekly from 2 May 2011 to 30 April 2013. Collection 
data were analyzed using non-metric multidimensional scaling (NMDS) to characterize the patterns of variation in species composition, comparing 
the species abundance (numbers of individuals) before and after the fire event. The NMDS results showed an influence of both annual season and 
fire on the populations of fruit flies in the forested Cerrado, and a trend of population growth after the fire event in the typical Cerrado. The curves 
of species accumulation indicated a greater diversity of species in the post-fire than the pre-fire period, and the species diversity did not reach 
stabilization within the post-fire observation period. The diversity of habitats formed by burning and rapid regeneration of the flora after the fire 
could be responsible for the increase in species abundance and species richness of fruit flies in comparison with the pre-fire period.

Keywords: Conservation, Diversity; Frugivorous insects; Species richness; Trypetinae.

Efeito de um incêndio acidental na comunidade de Anastrepha spp. (Diptera: Tephritidae) em uma 
área de conservação do Bioma de Cerrado

Resumo. Os efeitos de queima da vegetação sobre as populações e a composição de espécies de moscas das frutas do gênero Anastrepha em 
ambientes do cerrado ainda são desconhecidos. Assim, este estudo investigou a influência do fogo em uma comunidade de moscas das frutas em 
dois ambientes de Cerrado: Cerrado típico e Cerradão. Foram coletadas espécies de Anastrepha, usando armadilhas McPhail semanalmente, no 
período de 2 maio de 2011 a 30 abril de 2013. Os dados das coletas foram analisados empregando-se escalonamento não-métrico multidimensional 
(NMDS) para caracterizar os padrões de variação na composição de espécies, comparando a abundância e diversidade das espécies antes e após 
o incêndio. Os resultados NMDS mostraram uma influência da época do ano e do fogo sobre as populações de moscas das frutas no Cerradão e 
uma tendência de crescimento da população após a passagem do fogo no Cerrado típico. Curvas de acumulação de espécies indicaram uma maior 
diversidade de espécies no período pós-fogo em comparação ao período anterior ao incêndio, e a diversidade de espécies não atingiu a estabilização 
dentro do período de observação após o incêndio. A diversidade de hábitats formados pela queimada e rápida regeneração da flora após tal incêndio 
pode ter sido responsável pelo aumento na abundância de indivíduos e riqueza de espécies de Anastrepha em comparação com o período anterior 
à passagem do fogo.

Palavras-chave: Conservação; Diversidade; Insetos frugívoros; Riqueza em espécies; Trypetinae.

ire is one main determinant of the environmental structure 
and population dynamics in the savannas (Uehara-Prado 
et al. 2010). Its effects cause changes in the community 

structure of arthropods due to changes in the plant community 
(Hartley et al. 2007; Frizzo et al. 2011). If differing types of 
fire regimes, different ecological conditions before and after 
fire events and differing degrees of adaptation of organisms to 
fire events are ignored, results from population studies may 
not adequately describe typical arthropod communities in 
the regions under study (Moretti et al. 2004). Whereas fire is 
beneficial and life sustaining in ecosystems that have evolved 
with fire, it may be harmful in ecosystems composed mainly 
of plants and animals that are not adapted to fire (Hardesty et 

al. 2005). Hence, fire events may have positive effects on some 
organisms and negative effects on others (Swengel 2001; Panzer 
2002; Frizzo et al. 2011). Furthermore, the richness of ecological 
communities may be affected through direct or indirect impacts 
of fire (Swengel 2001; Frizzo et al. 2011). 

The Cerrado is one of the most threatened ecosystems worldwide, 
currently ranked number 6 on the list of priority environments 
for biodiversity conservation (Myers et al. 2000). It is the richest 
tropical savanna in the world (Frizzo et al. 2011), and fire has 
been considered an important component in its species dynamics 
(Klink & Machado, 2005). This biome occurs mainly in the 
central part of Brazil and supports a mosaic of vegetation types 
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with heterogeneous plant communities (Sano et al. 2008; Adeney 
et al. 2009). Its rich biodiversity of endemic species has not 
been well documented and has received less attention than that 
of the Amazonian and Atlantic forests in terms of conservation 
measures. Only 2.2% of the Cerrado is legally protected in the 
form of protected areas (Klink & Machado 2005). Such areas, 
although not large enough to maintain viable populations of 
many species, are greatly needed because they are an effective 
way to maintain biodiversity (Adeney et al. 2009). According to 
Sano et al. (2008), Tocantins is one of three Brazilian states that 
have preserved the largest portion (79%) of Cerrado. 

The use of controlled fire in protected areas, as practiced in other 
savannas worldwide, can be a form of habitat diversification 
in the Cerrado and could enhance biological diversity (Parr & 
Brockett 1999). A fire event usually influences the fauna at both: 
population and community levels, and at least in part, the fauna 
of the Cerrado is resilient to fire (Frizzo et al. 2011). The influence 
of fire or other environmental disturbances on the abundance 
and richness of species can differ between certain trophic levels. 
Such disturbances probably induce changes in key functions 
in the ecosystems (Ober & DeGroote 2011). Through the use 
of models, Wootton (1998) demonstrated that disturbances 
may change dominance of species, causing sudden changes in 
trophic interactions. A disturbance also can interact with other 
ecological processes, affecting the patterns of species abundance 
and species diversity.

Studies on fire in forests suggest that arthropod populations take 
a few years to recover from the fire event (Camann et al. 2008). 
It is possible that the frequency and annual season in which 
fire events occur in forests could adversely affect moisture, soil 
composition, composition of flora, fauna, and rates of succession 
(Uehara-Prado et al. 2010). Generally, responses of arthropods 
to fire are species specific and vary according to the frequency 
of fires, the elapsed time between the burnings and the features 
of the specific animal or plant group under study (Frizzo et al. 
2011). 

Most studies demonstrating the effects of fire on insect 
communities make no references to frugivorous insects. 
Furthermore, most studies on Tephritoidea focus on the fruit 
flies’ economic importance as pests of fruit and vegetables and 
on their natural enemies. Fruit flies have shown great potential 
for applied ecological studies (Uchoa 2012), but the effects of 
fire events on their communities in the Cerrado are unknown. 
We hypothesized that species abundance and species richness of 
fruit flies in the Cerrado could decrease after a fire event. Thus, 
the aims of this study were to examine how the community of 
fruit flies will respond to an accidental fire event and to provide 
data that could aid in biodiversity conservation for the biome 
Cerrado. 

Material and Methods

Study Area. The study was carried out from 2 May 2011 to 30 
April 2013 in the Parque Estadual do Lajeado (PEL), located at 
10°00’24”S, 48°17’03”W; 10°00’13”S, 48°15’45”W; 10°11’50”S, 
48°12’56”W; 10°11’25”S, 48°10’37”W and 10°09’14”S, 
48°09’54”W in the city of Palmas, capital of Tocantins State, 
Brazil, with an area of approximately 9,931 ha (Seplan 2005). PEL 
is an integral protection conservation area (Law 9.985/2000, 
integrant of the Sistema Nacional de Unidades de Conservação-
SNUC, Brazil). It presents grassland Cerrado (typical savanna-
like Cerrado) and forested Cerrado.

During the period of this research, the mean monthly temperature 
ranged from 19.8 °C to 38.6 °C, precipitation from 0 mm to 397 
mm, and air relative humidity from 34.5% to 87.5%. The climatic 
data were obtained from the Instituto Nacional de Meteorologia 
(INMET), Brazil.

Data Collection. Eighteen McPhail traps baited with a 
hydrolyzed corn protein solution (5% v/v), positioned 1.8 m 
from ground level and installed on previously selected points. 
Traps were spaced at least 500 m away from each other in 
transects covering environments of typical Cerrado (12 traps) 
and forested Cerrado (six traps), according to classification of 
Ribeiro & Walter (2008) for Brazilian savannas. The number 
of traps was proportional to the size of each environment. All 
traps were checked weekly to collect the captured fruit flies and 
to renew the bait, from 02 May 2011 to 30 April 2013. 

In the first half of September 2012, an accidental and uncontrolled 
fire event occurred in PEL, burning about 50% of the total 
area. Ten traps were lost in the fire, which were replaced in the 
following week, and data collection after the fire event continued 
for over seven months, following the same method as before 
the burning period. The traps installed in the areas not burned 
out were between 100 m and 2.000 m from the areas that were 
burned.

The trapped Anastrepha species were stored in vials with 80% 
ethanol. The species identification was based on morphological 
characters such as the chromatic patterns of adult’s body and 
wings; shape and dimensions of the apex of females’ aculeus 
(by M. A. Uchoa). After identification, voucher specimens of the 
fruit flies were deposited in the Coleção Entomológica do Museu 
da Biodiversidade (MuBio-UFGD), Dourados-MS, Brazil.

Data Analysis. We used data from all traps from September 
2011 to April 2012 and from September 2012 to April 2013. A 
non-metric multidimensional scaling (NMDS) analysis with 
Euclidean distance was used to characterize patterns in the 
variation of Anastrepha species composition before and after the 
fire. This analysis was performed considering the presence and 
absence these fruit fly species, using the PAST 1.75b software 
(Hammer et al. 2005). The graphical representation was done 
using the software Statistica 7 (StatSoft 2004). 

To analyze the abundance of the collected Anastrepha species 
before and after the fire, figures with means and standard 
deviations of the numbers of adults caught in McPhail traps were 
plotted using Statistica 7 software (StatSoft 2004). To identify 
an increasing or decreasing trend in the species abundance, we 
used regression analysis, considering the average number of 
days after the first data reading.

Curves of species accumulation were plotted for the typical 
Cerrado and the forested Cerrado to investigate the pattern of 
stabilization of species richness in the periods corresponding 
to before and after the fire event. For this analysis, we used the 
software EstimateS 8.2 (Colwell 2009). 

Results

During the two-year period, 903 individuals were captured 
in the 18 traps, belonging to 19 species of Anastrepha fruit 
flies (Table 1). Four species (Anastrepha macrura Hendel, 
Anastrepha nr. mucronota Stone, Anastrepha phaeoptera 
Lima and Anastrepha serpentina (Wiedemann)) were captured 
only before the fire, and five species (Anastrepha bahiensis 
Lima, Anastrepha binodosa Stone, Anastrepha nr. longicauda 
Lima, Anastrepha turpiniae Stone and Anastrepha zernyi 
Lima) were caught only after the passage of fire. Seven species 
(A. bahiensis, A. binodosa, Anastrepha haywardi Blanchard, 
A. nr. longicauda, A. macrura, A. phaeoptera and Anastrepha 
manihoti Lima) were new records for Tocantins State.

In the forested Cerrado, the average abundance of Anastrepha 
species before the fire event was lowest in September, rising in 
the following months, with a peak in December. From December 
onwards, the average number of individuals of different 
Anastrepha species decreased. After the fire, a similar pattern 
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was seen from September to January, followed by two abundance 
peaks in February and in April (Figure 1). In the typical Cerrado, 
there was an increasing trend in the mean abundance of 
individuals of Anastrepha species in the two periods, with greater 
values in the post-fire than the pre-fire period (Figure 1).

The function of the regression analysis considering the average 
number of days after the first collection in the forested Cerrado 
was y = 6.5437 − 0.0174x (R² = 0.1059) before the fire and y = 
6.2416 + 0.0008x (R² = 0.0002) after the fire. For the typical 
Cerrado, this function was y = −9.2228 + 0.3299x (R² = 0.6655) 
before the fire, indicating an average population increase of 3.3 
flies every 10 days. For the period after the fire, the function was 
y = −165.6111 + 0.4440x (R² = 0.7452), indicating an average 
population increase of 4.4 flies every 10 days (Figure 2).

For the forested Cerrado, the NMDS ordination (stress = 0.05916) 
indicated that both seasonal variation and fire event (i.e., burning 
of vegetation and soil) had an effect on the variation in species 
composition. For both factors, the NMDS values were greater 
after the fire event than before the passage of fire (Figure 3). 

In the typical Cerrado, the NMDS ordination (stress = 0.3715) 
also indicated influences related to both seasonal variation and 
fire event. The variation in species composition was greater in 
the period after the fire than before the fire, whereas seasonal 
variation was less after than before the fire event, with indication 
of convergence between the two periods (Figure 3).

The curves of species accumulation indicated a greater diversity 
of Anastrepha species in the post-fire period compared with 
the pre-fire period. For both periods, the curves did not reach 
stabilization (Figure 4). 

BA

Figure 1. Patterns of fruit fly species abundance (Diptera: Tephritidae) [mean +SD] in the two environments forested Cerrado and typical Cerrado 
before (1 September 2011 to 30 April 2012) and after (1 September 2012 to 30 April 2013) a fire event in the Parque Estadual do Lageado, Palmas, 
Tocantins, Brazil.

Figure 2. Total abundance of fruit fly species (Diptera: Tephritidae) in days after the first adult sampling with McPhail traps inforested Cerrado and 
typical Cerrado before (1 September 2011 to 30 April 2012, days 1 to 240) and after a fire event (1 September 2012 to 30 April 2013, days 360 to 600) 
in the Parque Estadual do Lageado, Palmas, Tocantins, Brazil.

A B

Figure 3. Ordination of fruit fly species (Diptera: Tephritidae) composition in areas of forested Cerrado and typical Cerrado by non-metric 
multidimensional scaling (NMDS) analysis in the corresponding months before (1 September 2011 to 30 April 2012) and after a fire event (1 
September 2012 to 30 April 2013) in the Parque Estadual do Lageado, Palmas, Tocantins, Brazil (the line that connects the dots indicates the 
temporal trajectory).

A B
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Discussion

Protected areas play an important role in the conservation 
of natural environments. Because uncultivated host plants 
occur in these areas, there is a great possibility of finding 
stenophagous and monophagous species of fruit flies (see 
Aluja & Mangan 2008 classification), which generally are not 
found in agricultural systems. Thus, the likelihood of finding 
new fruit fly species increases when sampling is carried out in 
preserved environments, as evidenced by new records from 
the Amazonian and Atlantic forests of Brazil (Zucchi 2007; 
Norrbom & Uchoa 2011). However, few records of Tephritidae 
in natural environments are available for the Cerrado biome of 
Brazil. Previous to this research, 21 species of fruit flies had been 
recorded in the state of Tocantins, with 17 Anastrepha and four 
Neosilba species (Bomfim et al. 2007, 2014). In this survey, seven 
new records were added, namely: A. bahiensis, A. binodosa, A. 
haywardi, A. nr. longicauda, A. macrura, A. phaeoptera and A. 
manihoti, resulting in 24 Anastrepha species now reported from 
Tocantins State. 

Natural environments harbor unique communities of endemic 
species, and the structure and heterogeneity of the landscape are 
important in structuring communities of herbivores, which in turn 
are affected by fire (Kim & Holt 2012). The naturally occurring 
fires in the Cerrado form a mosaic of burned and unburned areas, 
resulting in great habitat heterogeneity and diverse resource 
availability (Ferrenberg et al. 2006). The re-growth of plants in 
burned areas creates vigorous vegetation, which is attractive to 
many species of insects - including fruit flies - that can use this 
environment as refuge, feeding and breeding sites. However, the 
patchy resource availability does not support large populations. 
Accordingly, the observed abundance of different species of 
Anastrepha recorded in this study was low.

Impact of Fire on Species Abundance. Positive effects of fire 
on species abundance and species richness in Diptera and other 
insects have been observed (Hartley et al. 2007). In our survey, 
the abundance of Anastrepha species, measured as numbers of 
adult flies captured per trap per day, showed different patterns for 
the periods before and after the fire, with increased numbers after 
the passage of fire. This is opposed to our previous hypothesis, 
but the increase may be explained by the availability of new plant 
resources, which in the Cerrado generally increases within a 
few weeks after a burning, in response to the release of mineral 
compounds (Uehara-Prado et al. 2010). The rapid re-growth 
of the flora, with flowering and fruiting of many plant species, 
allowed Anastrepha species to re-colonize the area quickly. The 
population peaks of species of Anastrepha observed in the course 
of this survey likely coincided with the fruiting periods of their 
host plants, as has been shown by Ronchi-Teles & Silva (2005) for 
these fruit flies in the Amazonian forest. Prada et al. (1995) found 
that a fire had caused intense flowering in daisies, resulting in a 

positive effect on the abundance of tephritid species associated 
with the inflorescences of these Asteraceae.

We furthermore observed an ongoing population growth of the 
Anastrepha species after the fire in the typical Cerrado, indicating 
that a plateau had not been reached. The complete restoration of 
insect populations in burned areas of the Cerrado usually lasts 
between one and two years (Panzer 2002). Thus, our sampling 
likely occurred within the period of intense re-colonization of the 
burned area.

Impact of Fire on Species Richness. The fire event also 
influenced the species richness of Anastrepha species in the 
Cerrado biome. The variation in species composition in the 
periods before and after the fire, despite showing similarities at 
the end of the sampling period, was different between the forested 
and the typical Cerrado. It is common for newly disturbed 
environments to show particular trajectories in the formation 
of communities, which are influenced by the scale, intensity and 
frequency of disturbances (Connell & Slatyer 1977). The effect of 
fire on species richness depends on the characteristics of the fire 
(mainly intensity) and the sensitivity of each species. In general, 
two kinds of fires, infrequent ones with high-intensity, or very 
frequent ones, cause major impacts on the ecosystems (Frizzo et 
al. 2011).

The curves of species accumulation, an expression of the species 
diversity in a community, herein showed a higher asymptote in 
the post-fire than the pre-fire period, indicating an increase in 
species richness of Anastrepha after the fire event. These results 
agree with those of Ferrenberg et al. (2006), who found a positive 
effect of fire on the diversity of arthropods. Both curves (in the 
typical Cerrado, and in the forested Cerrado) did not reach 
stabilization, suggesting that the species diversity in that areas 
had not reached their maxima. Thus, it is possible that more 
species of fruit flies could have been caught if the samplings had 
continued.

Re-Colonization after a Fire Event. Disturbance by fire can 
affect the species richness in ecological communities through 
direct and/or indirect effects (Swengel 2001). These effects 
cause changes in the community structure of plants and in turn 
of phytophagous arthropods (Hardesty et al. 2005; Frizzo et al. 
2011). When certain plant species become limited or unavailable, 
monophagous species may experience local extinction whereas 
generalist or polyphagous species may be able to utilize 
alternative resources (Frizzo et al. 2011). For those herbivores, 
that are specialized on certain plant structures (e.g., flowers or 
fruit), very frequent fires can make these resources completely 
unavailable (Wright & Samways 1999). On the other hand, fire 
can release nutrients and accelerate the cycle of fruiting in some 
species of plants adapted to the Cerrado environments, where the 
fire is a common and frequent element, thus favoring populations 
of certain species of fruit flies.

Figure 4. Curves of fruit fly species (Diptera: Tephritidae) accumulation based on all the samples taken in all areas of the Parque Estadual do 
Lageado, Palmas, Tocantins, Brazil, before (1 September 2011 to 30 April 2012) and after a fire event (1 September 2012 to 30 April 2013).
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Eggs and larvae of Anastrepha species are endophytic, living 
within their host fruit. By the end of the third instar, the larvae 
exit their host fruit and burrow 2 to 5 cm deep into the soil to 
pupate and to complete their metamorphosis into adults (Uchoa 
2012). Fruit fly populations may suffer the effects of fire due to 
burning of the host plants and of the soil. On the other hand, the 
buried pre-pupae and pupae may survive a rapid passage of fire. 
Furthermore, Marini-Filho (2000) found that leaf miner insects 
that pupate above ground could survive a fire when they were on 
islands of unburned vegetation or stayed at a height where the 
temperature was not hot enough to kill the larvae. In that research 
(Marini-Filho 2000), found that the origin of re-colonization was 
both endogenous and exogenous. 

The results of research on dispersal of polyphagous fruit flies 
species from the genus Anastrepha in the environments are 
controversial. There are publications that highlight a low 
mobility, between 100-250 m in Mexico (Hernández et al. 2007), 
from 600-800 m in Brazil (Kovalesky et al. 1999). On the other 
hand, some papers report a high dispersive capacity, ranging 
from 9 km in Mexico (see Thomas & Loera-Gallardo 1998), up 
to 135 km of displacement, as reported by Christensen & Foote 
(1960) from USA.

The results herein suggest a re-colonization of the burned areas 
from the month of October. All Anastrepha species captured in 
the first three months after the fire were polyphagous, which 
may explain the rapid re-colonization of the area. Populations of 
abundant Tephritidae species, like those commonly reported as 
pests (polyphagous), tend to re-establish quickly after fire events, 
whereas geographically restricted and rare species (monophagous) 
tend to require more time for recovery their populations after an 
environment burning, as reported by Swengel (2001). 

In this research the question remains: whether the re-colonization 
by Anastrepha species in the burned areas was of endogenous 
or exogenous origin. Some publications have shown that 
polyphagous species of Anastrepha are able to disperse in few 
days or weeks, between 9-135 km (Thomas and Loera-Gallardo, 
1998; Christensen and Foote, 1960), reinforcing the possibility 
of re-colonization, starting from the unburned areas (exogenous 
re-colonization). On the other hand, it is also possible that pupae 
buried in the soil have survived and re-colonized the environment 
after the fire event (endogenous re-colonization). So, future 
research is needed to clear this doubt.

Recovery after a Fire Event. Open and well-drained 
savannas of the Cerrado biome are adapted to fire and, according 
to the classification of Hardesty et al. (2005), are fire-dependent 
ecosystems. This may explain the response of the community 
of Anastrepha captured in the typical Cerrado after the fire, 
demonstrating high resilience. Although the fire likely caused 
extensive mortality of the insects, the vegetation could quickly 
recover and produce fruit, attracting species of frugivorous 
Tephritidae, including local species, to re-colonize the burned 
environment (Swengel 2001; Uehara-Prado et al. 2010). In 
addition, pupae buried in the soil may have survived a fast 
burning in the typical Cerrado. 

Sgardelis et al. (1995) found a significant reduction in the 
abundance and diversity of insect species after a fire, with a trend 
toward recovery in the second year after the fire. Pivello & Coutinho 
(1992) also suggested that it takes at least two years for areas 
affected by a fire to regenerate and reach their original diversity. 
Although herein the surveyed period after the fire event was not 
long enough to sample the expected number of Anastrepha 
species in the Cerrado biome, the results clearly showed that the 
fire affected the abundance and diversity of captured species. 
Our results further revealed the typical pattern of populations of 
frugivorous tephritid species in natural environments, with low 
species abundance and high species richness. 

In this research, the community of Anastrepha species was 
influenced by both: annual seasons and fire effect in the two 
examined environments (typical Cerrado and forested Cerrado). 
In both environments, greater species diversity was found in the 
period after than in the period before the fire.
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