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Abstract: Zaprionus indianus (fig fly) is a drosophilid of African origin that was recorded in Brazilian territory in 1999, 
quickly dispersing throughout the country, causing impacts on fig culture, and becoming one of the dominant 
Drosophilidae species in the Cerrado biome. Due to the fact it is an invasive species and a potential pest in fruit 
cultivars, it is essential to monitor the variations in the populations of this species aiming to verify its genetic and 
demographic structure and possible impacts on the drosophilid community. The demography and the genetic 
data obtained from the Est3 polymorphism of fig fly have been evaluated in six populations of Brazilian Cerrado 
sampled during the dry season. Multivariate analyses of PCA, UPGMA and landscape genetics were performed. 
The results have indicated variation in the demography of the sampled populations, the presence of two alleles 
(Est31 and Est34) in all of them, and a higher isolation degree of the Guaíra (SP) population. Thus, the fig fly is 
a colonizer of the Brazilian Cerrado, and the polymorphisms of Est3 locus are an appropriate genetic marker to 
investigate the bioinvasion process.
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Resumo: Zaprionus indianus é um drosofilídeo de origem africana e os registros de sua presença em território brasileiro 
iniciaram-se em 1999, sendo que rapidamente se dispersou por todo o país, causou impactos na cultura do figo à 
época e tornou-se uma das espécies dominantes no bioma Cerrado. Por ser uma espécie invasora e praga potencial 
de cultivares, é fundamental o acompanhamento das variações nas populações dessa espécie para se verificar sua 
estruturação genética e demográfica e possíveis impactos nas comunidades de drosofilídeos. Para se avaliar essa 
estruturação, foram realizadas coletas dessa espécie em seis diferentes localidades do cerrado brasileiro durante 
a estação seca de 2017. Nas populações coletadas de Z. indianus foram avaliados dados demográficos e genéticos 
a partir da variação do polimorfismo do loco Est3 e realizadas análises multivariadas de PCA, UPGMA e genética 
de paisagem. Os resultados indicaram variação na demografia das populações amostradas e a presença de dois 
alelos (Est31 e Est34) em todas elas, bem como um maior grau de isolamento da população oriunda de Guaíra (SP). 
Conclui-se que Z indianus é importante colonizadora do Cerrado brasileiro e o polimorfismo do loco Est3 constitui 
bom marcador para se investigar o processo de bioinvasão.
Palavras-chave: Isoenzimas. Zaprionus. Espécie exótica. Cerrado.
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1 INTRODUCTION

The Drosophilidae family has more than 
four thousand species described, of which 304 
are recorded in Brazil1. The Zaprionus genus 
in Drosophilidae family consists of 44 species, 
predominantly African2-4, which include two 
subgenus: Anaprionus Okada 19905, characterized 
by species from the Eastern regions, and Zaprionus. 
This subgenus presents the Z. indianus species 
(fig fly), which has broaded global distribution, 
is a successful bioinvader and a pest species in 
different cultivars4,6-11.

Carlos Vilela6 was the first researcher to 
report the fig fly on the American continent in 
1999 and observed this species in persimmons 
(Diospyroskaki, Ebenaceae) from Santa Isabel, 
the metropolitan region of São Paulo. The species 
dispersed rapidly throughout Brazil and in less 
than two years, it was detected in several states 
of the country and South America12-19, and it also 
fastly invaded Central and North America7,10,20.

The bioinvasion of the fig fly caused an 
impact on 50% of fig culture in Brazil4,6,8, and it 
recently was categorized as a potential Union 
quarantine pest11,21. In fact, the larvae of this species 
feed on more than 80 species of plants, and it is the 
most polyphagous drosophilid in the Afrotropical 
fauna4,6. The species co-occurred in fruit crops with 
Drosophila suzukii22, where they are considered 
pests of grapes in the USA23,24, guavas in Mexico25 
and strawberries in southern Brazil22. The fig fly is 
yet considered a secondary pest in pomegranate 
(Punica granatum) in western Iran orchards26.

In Brazil, the species shows dominance in 
Cerrado environments, and it is the most abundant 
species in the rainy season, representing about 
40% of the collected drosophilid specimens26-30. 

Invasive species can affect local ecological 
communities and species composition, and it 
may become possible pests in newly colonized 
areas31-34, which makes it essential to investigate 
aspects related to the biology and ecology of 
these organisms. Even if it is likely that varying 
seasonal humidity and thermal conditions might 
affect distribution as well as the resistance level to 
different climatic stressors in wild populations of 
the fig fly from different continents9, in Brazil, a 
higher frequency of this species was recorded in 
the spring and the summer4,35.

One of the ways to expand the knowledge 
about these bioinvaders is to identify the genetic 
structure of different populations aiming to 
evaluate the degree of isolation and gene flow 
among them as an indication of their movement 
along the geographical landscape. One tool for this 
purpose is the evaluation of genetic polymorphisms 
from the isoenzyme variation in populations36-40. 
These enzymes show different electrophoretic 
mobility patterns, which indicates polymorphisms 
that could differ between populations and species 
that inhabit different environments36-40. From 
enzymatic polymorphisms, it is possible to study 
genetic population structure, detect and calculate 
the endogamy coefficient and verify the gene flow, 
natural selection and genetic drift occurrence. It 
is also possible to measure the founder effect and 
to map possible migration routes of the analyzed 
populations39,40.

Studies involving enzymatic polymorphisms 
in Brazilian populations of the fig fly include the 
presence of four alleles for phosphoglucomutase, 
three alleles for hexokinase 2, two alleles for the 
dehydrogenase isocyanate15, and four alleles for 
esterase 3 (Est31, Est32, Est33, and Est34), and two 
for esterase 2 (Est2S and Est2F)17,40.
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Despite its abundance in tropical 
communities, especially in the Cerrado, studies 
on the variation and genetic structuring of the fig 
fly in this Brazilian biome are still scarce. In this 
sense, this study aimed to investigate the genetic 
variation of Est3 locus in Brazilian populations 
from the Cerrado Biome and thus verify their 
degree of genetic structuring as a possible route of 
its dispersion in this area.

2 METHODS

2.1 BIOLOGICAL MATERIAL

The fig fly collections were performed in six 
urban areas localized in Brazilian Cerrado (Figure 
1) – São José do Rio Preto (RP), Olímpia (O), Guaíra 
(G), Conceição das Alagoas (CA), Uberaba (U), 
and Cássia (C). These collections occurred through 

three traps in each locality with banana-yeast baits41, 

placed 1.70 m from the ground, about two meters 
apart, and kept there for three days. All collections 
were made from May to August 2017. Climate data 
(maximum and minimum temperature, average 
temperature, temperature range, and pluviosity) 
for this collection period were obtained on 
Weather Spark (https://pt.weatherspark.com/). All 
collections were carried out during the dry season 
(May to August).

The phytophysiognomy of collected areas 
varies from Cerrado-Atlantic Forest ecotones 
or cerradão (RP, G and O) to parks of savanna 
(CA, U and C), second of the Banco de Dados de 
Informações Ambientais (BDiA-IBGE, https://
bdiaweb.ibge.gov.br/#/consulta/vegetacao). 
The Cerradão is characterized by dense and 
homogeneous areas and the parks of savanna 
where the occurrence of trees is concentrated in 
specific locations on the landscape42,43.

Figure 1 – Sampled areas of Brazilian Cerrado where Z. indianus was collected, including three localities in São 
Paulo (RP, O, and G) and three in Minas Gerais (CA, U, and C) states. RP: São José do Rio Preto; O: 
Olímpia; G: Guaíra; CA: Conceição das Alagoas; U: Uberaba; C: Cássia.

https://pt.weatherspark.com/
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The climate conditions, temperature 
variation and pluviosity in each collection area 
are shown in Table 1. The weather conditions 
are similar in all localities with the rainy season 
occurring between October and March and the 

dry season between April and September. The 
sampled areas show warm and hot climates during 
all or part of the year, with temperatures varying 
between 13 and 33ºC, with an average of 23.8ºC, 
and annual rainfall between 1191.5 to 1343.6 mm.

Table 1 – Climate condition descriptions for each locality where Z. indianus was sampled, as well as its average, minimum 
and maximum temperatures, besides annual, minimum and maximum pluviosity. RP: São José do Rio Preto; O: 
Olímpia; G: Guaíra; CA: Conceição das Alagoas; U: Uberaba; C: Cássia.

Locality Climate conditions Temperature (ºC) Pluviosity (mm)

U
Wet rainy season (188.8mm per month) with almost overcast 
sky; dry season (35.2 mm per month) almost cloudless. The 
weather is warm during all year. 

23,1+1,2 (average)
15 (July)
30 (January)

1343,6 (annual)
10 (July)
251 (January)

C
Rainy season (183.4mm per month) hushed and almost 
overcast; dry season (36.7 mm per month) almost cloudless. 
The weather is warm during all year.

22,4+1,8 (average)
14 (June)
30 (October)

1320,3
12 (July)
243 (January)

G
Rainy season (181.7mm per month) is hot, hushed and almost 
overcast; dry season (36.9 mm per month) is warm and 
almost cloudless.

24,8+1,6 (average)
16 (June)
32 (October)

1311,5
12 (July)
246 (January)

RP
Rainy season (159.7mm per month) is hot, hushed and 
almost overcast; dry season (38.9 mm per month) is warm 
and almost cloudless.

23,3+2,0 (average)
13 (July)
33 (October)

1191,5
14 (July)
231 (January)

CA
Rainy season (168.3mm per month) is hot, hushed and 
almost overcast; dry season (35.3 mm per month) is warm 
and almost cloudless.

24,9+1,4 (average)
17 (July)
32 (October)

1221,2
10 (July)
250 (January)

O
Rainy season (163.6mm per month) is hot, hushed and 
almost overcast; dry season (38.0 mm per month) is warm 
and almost cloudless.

24,3+1,7 (average)
15 (June)
32 (November)

1209,6
10 (July)
251 (January)

2.2 ESTERASE POLYMORPHISMS 
CHARACTERIZATION

The esterase polymorphism detection 
was performed as described by Galego, Ceron e 
Carareto40. Each area was represented by a sample 
of 10 adult males and 10 females of the fig fly, which 
each individual was macerated in 20 µL of sample 
buffer (Tris-HCl 0.1 M; pH 8.8), applied 10 µL in a 
polyacrylamide gel (30.8%; C=5%), prepared with 
Tris-HCl buffer (1 M; pH 8.8). The electrophoresis 

was performed in Tris-Glicina buffer (0.1 M; pH 
8.3) for three hours at 200 V.

The polyacrylamide gel with the samples 
was incubated in a phosphate buffer (0.1 M; pH 
6.2) for 30 min. After that, the gel was stained, for 
more 30 min, using a phosphate buffer (0.1 M; pH 
6.2), with 60 mg of alpha-naphthyl acetate plus 
25 mg of beta-naphthyl acetate (diluted in 3 mL 
of acetone), plus 120 mg of Fast Blue RR (diluted 
in 5 mL of N-propanol). Finally, we analyzed 
the enzyme band for Est3 locus according to the 
pattern described by previous studies40,44.
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2.3 STATISTICAL ANALYSIS

The demographic data were analyzed by 
z-test at 95% confidence interval (p<0,05), using 
MINITAB 19.1. The number of fig fly specimens 
collected were compared with that of other 
drosophilid specimens; also, the proportion of 
males and females was compared between the 
sampled populations. The data from collections 
were also used to calculate the the fig fly effective 
size by Ne=((4×Nm×Nf))/(Nm+Nf), where Nm is 
the number of collected males, and Nf is that for 
females. The climate data were normalized to plot 
comparison with demographic data.

The esterase polymorphisms data were 
analyzed using Genetix45-46. Genotypic frequencies 
were used to estimate allele frequencies and 
calculate the observed (Ho) and expected (He) 
heterozygosity, in addition to the number of alleles 
per locus (A) and the genetic distance of Nei47. The 
endogamy coefficient (F) was calculated from the 
Ho and He of both gene locations (Est2 and Est3), 
simultaneously using the formula F=(He-Ho)/
He48-49.

The genetic data were used in the 
construction of dendrograms based on the 
hierarchical method of minimum variance with 
10,000 permutations; demographic and genetic 
data for each of the subpopulations were sorted 
using a principal component analysis (PCA) using 
PAST 4.0350.

In addition to it, analysis of “Landscape 
Genetic Interpolation” (LGI) was performed 
using the Alleles in Space program51, as well as 
the estimation of barriers to gene flow, which 

was calculated using the MMDA (Monmonier 
Maximum Difference Algorithm)52-53.

3 RESULTS

The demographic data were shown in 
Table 2, and climate variables during de 2017 dry 
season are in Figure 2. The collections resulted 
in 877 individuals, 469 of the fig fly, and 408 of 
other drosophilids. The dominant species in all 
populations, except for RP and CA, was the fig 
fly; the greatest number was collected in O (142), 
and the fewest one was in RP (37). The species was 
relatively more abundant in O (67%) and G (70%) 
and the least abundant in RP (32%) and CA (35%). 
On the other hand, the number of the fig fly males 
and females collected in each locality ranged from 
16 (RP) to 71 (O) and 10 (G) to 71 (O), respectively. 
The number of males was higher for G, and 
females in C and CA, but it was not different in all 
other populations. The proportion comparisons 
between the individual number of the fig fly to the 
total of Drosophilidae collected were statistically 
lower (p<0,001) for RP and CA and higher for the 
other populations. The effective size ranged from 
30.91 (G) to 142 (O), and the lower proportion 
Ne/N was detected to G (70%).
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Table 2 – Demographic data in each locality sampled, including the number of Drosophilidae specimens collected 
(Zaprionus indianus and others), their relative abundance (in brackets), the The fig fly male and female proportion 
(m/f), the effective size (Ne), and the total number of collected individuals (T) of fig fly populations and their 
ratio of the total specimens collected (Ne/T). RP: São José do Rio Preto; O: Olímpia; G: Guaíra; CA: Conceição das 
Alagoas; U: Uberaba; C: Cássia. *p<0.05; ***p<0.001.

Localities Z. indianus Other Total

Males (m) Females (f) T m/f Ne Ne/T

U
51 

(54%)
43 

(46%)
94 

(60%)
1.2 93.3 0.99

63 
(40%)

157 
(100%)

C
26 

(29%)
65 

(71%)
91***

 (59%)
0.4 74.3 0.82

64 
(41%)

155 
(100%)

G
34 

(77%)
10 

(23%)
44** 

(70%)
3.4 30.9 0.70

19 
(30%)

63 
(100%)

RP
16 

(43%)
21 

(57%)
37 

(32%)
0.8 36.3 0.98

78 
(68%)

115 
(100%)

CA
21 

(34%)
40 

(64%)
61* 

(35%)
0.5 55.1 0.90

113 
(65%)

174 
(100%)

O
71 

(50%)
71 

(50%)
142 

(67%)
1.0 142.0 1.00

71 
(33%)

213 
(100%)

Total 219 250 469 0.9 466.9 0.99 408 877

The highest individual number of fig 
flies was sampled in O (142), as shown in Table 2, 
where also was recorded high temperature range 
(11,3+1.3ºC) and average temperature (22.8+1.5ºC), 
and pluviosity (53.1+34.8 mm) during the dry 
season of 2017 (Figure 2). In CA and G were 
recorded the highest average (23.7+1.3ºC and 
23.5+1.5ºC) and maximum temperatures – maxT 
(29.3+1.0ºC and 29.5+1.2ºC), and pluviosity 
(53.7+43.5 mm and 53.8+40.5 mm), as well as in 
U (53.8+44.4 mm). CA also recorded the greatest 
minimum temperature – minT (19.0+1.7ºC) and 
RP, the highest temperature range (11.7+1.7ºC). 
On the other hand, C showed the lowest maxT 
(27.0+1.3ºC), temperature average (21.0+1.7ºC) and 
pluviosity (52.2+38.8 mm), while the lowest minT 
and temperature range were detected, respectively, 
in RP (16.0+2.0ºC) and U (10.3+0.8ºC).
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Figure 2 – Climate data variation for the sampled areas during the colections (dry season of 2017). (A) maximum temperature 
(maxT, in ºC); (B) minimum temperature (minT, in ºC); (C) temperature range (maxT-minT, in ºC); (D) average 
temperature, in ºC; (E) pluviosity, in mm. RP: São José do Rio Preto; O: Olímpia; G: Guaíra; CA: Conceição das 
Alagoas; U: Uberaba; C: Cássia
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Differences in Est3 alleles in the fig fly 
populations were also detected (Table 3). The Est31 
and Est34 alleles were detected in all populations, 
while the Est32 were not found in two (G and RP), 
and Est33 was not found in RP population. The Est31 
and Est34 alleles were the most frequent in three 
(CA: 0.45; C: 0.36; and RP: 0.61) of the six sampled 
populations, while Est33 was the most frequent in 
two of them (U: 0.37; and G: 0.53). Table 3 shows 
that the endogamy coefficient varied from 0.10 

(C) to 0.38 (U). The genetic distance (Table 4), on 
the other hand, indicates that the greater genetic 
distance was recorded in G population when 
compared to the other ones (0.069+0.028), even 
when considering geographic locations closer to 
this, such as is the case of O (0.114), far by 77 km, 
and RP (0.093), distant by 123 km, while the C, the 
lowest (0.030+0.014), even with RP (0.016), about 
257 km far from C.

Table 3 – Allele frequencies of Est3 locus in Brazilian Cerrado populations of Z. indianus and observed (Ho) and expected 
(He) heterozygosities. n: sample size; A: number of alleles; F: endogamy coefficient; SD: standard deviation. RP: 
São José do Rio Preto; O: Olímpia; G: Guaíra; CA: Conceição das Alagoas; U: Uberaba; C: Cássia.

C U CA G O RP Average+SD

(n) 18 16 20 16 16 13

Est31 0.36 0.25 0.45 0.09 0.66 0.61 0.40+0.17

Est32 0.17 0.29 0.12 0.00 0.22 0.00 0.13+0.09

Est33 0.08 0.37 0.20 0.53 0.06 0.00 0.21+0.16

Est34 0.39 0.09 0.23 0.38 0.06 0.39 0.26+0.13

Ho 0.61 0.44 0.55 0.44 0.39 0.31 0.42+0.11

He 0.68 0.71 0.70 0.57 0.51 0.47 0.61+0.09

A 4 4 4 3 4 2 3.5+0.67

F 0.10 0.38 0.21 0.23 0.23 0.34 0.31

Table 4 – Geographic (diagonal above), in km, and Nei34 genetic (diagonal below) distances for populations of Z. indianus 
from Brazilian Cerrado. RP: São José do Rio Preto; O: Olímpia; G: Guaíra; CA: Conceição das Alagoas; U: Uberaba; 
C: Cássia.

C U CA G O RP

C -- 141.61 169.47 148.00 208.16 257.10

U 0.035 -- 50.29 75.17 149.81 191.20

CA 0.009 0.019 -- 45.26 106.06 143.34

G 0.053 0.036 0.047 -- 77.56 123.53

O 0.035 0.045 0.016 0.114 -- 49.12

RP 0.016 0.074 0.017 0.093 0.026 --
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The Principal Component Analysis (Figure 
3A) and UPGMA analysis (Figure 3B) indicated 
more genetic differentiation of G population 
concerning the others, which they were more 
similar. C, CA, and U populations were more 
closely related each other, while RP and O as it once 
were. Including genetic data for Est3 locus from O 
and RP populations collected in 200426 in PCA and 
UPGMA, the analysis resulted in a cluster with O 
(2004), C, CA, and U; RP (2004) furthermore, was 

grouped with RP and O. Finally, in LGI analysis 
(Figure 4A), peaks indicate more significant 
genetic differentiation of the population, while 
valleys less divergence than others. In this way, 
G showed the greatest genetic variation from the 
others, as well as the PCA and UPGMA results. This 
finding is reinforced by the MMDA that showed 
a barrier to gene flow isolating the G population 
from the others (Figure 4B).

Figure 3 – Principal Component Analysis (A) and UPGMA (B) for genetic data of Est3 locus from Cerrado populations of Z. 
indianus. O* and RP* data have been obtained from collections carried out in 200426. RP: São José do Rio Preto; O: 
Olímpia; G: Guaíra; CA: Conceição das Alagoas; U: Uberaba; C: Cássia.
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Figura 4 – (A) Landscape Genetic Interpolation (LGI) and (B) Monmonier Maximum Difference Algorithm (MMDA) for 
the genetic data related to Est3 locus polymorphism from Cerrado populations of Z. indianus. RP: São José do Rio 
Preto; O: Olímpia; G: Guaíra; CA: Conceição das Alagoas; U: Uberaba; C: Cássia.

indianus is collected in all Brazilian biomes, and 
it is abundant (over 35% of collected specimens) 
in the rainy season on open biomes, as the case of 
Caatinga54 and Cerrado55-58, and it is less common 
(under 15% of collected specimens) in the Atlantic 
forest, where the abundance of this species does 
not present a uniform seasonal fluctuation pattern 
concerning rainfall along their distribution 

4 DISCUSSION

Exotic species are found in all assemblages 
of the Drosophilidae family and their relative 
abundance depends on factors according to 
the vegetation type, the season of the year and 
disturbance degree34. The exotic species Z. 
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range in the biome59. In the southern part of the 
Atlantic forest, on the other hand, the fig fly is 
more abundantly recorded in the rainy season60-61, 

however, in northeast part of this biome, the 
species is more abundant in the dry season,59 
probably due to temperature variation, which is 
comparatively low and varies more broadly in the 
southern Atlantic Forest62.

Populations of the fig fly from native sites 
in Asia63 and Africa64 show the same pattern of the 
Brazilian’s Cerrado ones, where the species is more 
abundant during the rainy season. Meanwhile, 
in invaded areas in Asia, as the case of Indian 
populations, fig flies are also more abundant in 
the dry seasons65-66. Furthermore, the Brazilian 
populations of fig fly are very common in natural 
areas where the environmental conditions are 
similar to those from original region in Africa56,57, 
as is the case of Brazilian Cerrado. In this biome, 
it is the dominant species from several locations, 
mainly in open vegetation and during the wet 
season55,56.

Indeed, this species was the most frequent 
in almost all sampled localities, except on RP and 
CA. The fig fly shows a large niches distribution 
in the Cerrado and it can explore environments 
with different climate conditions, which could 
explain its higher abundance in this biome27,30,56. 
The species shows low frequency during the dry 
season especially when the rains are extremely 
scarce27, what happened to RP and CA populations 
where the pluviosity was the lowest during the dry 
season. On the other hand, the high temperatures 
are adaptative to the fig fly56,58,65-67, what would 
explain the highest abundance of this species in 
G and O.

In this work, only one collection of the fig 
fly was performed in each locality, which limits 

the discussions of our results about seasonality. 
However, the climate conditions evaluated during 
the collection period allowed us to discuss some 
aspects of the species abundance in these areas. 
The fig fly is able to develop when raised from 14 
to 32ºC, and showed a very low survival rate when 
raised at 13ºC68. There is total lethality in the pupal 
stage when it is raised at 12ºC68, indicating that 
the species is more sensitive to cold, which would 
probably explain the fact that this fly is restricted 
to tropical and subtropical climates62. It shows 
higher frequencies during seasons with high 
temperatures, especially during the summer69. 
Variation in reproductive and cold tolerance 
physiology may enable or limit the geographical 
expansion of the fig fly to cooler localities70.

The fig fly expansion from Africa was 
studied from different genetic markers. The 
mitochondrial DNA (mtDNA) have been extensivly 
used with this goal, as is the case of the haplotype 
distribution of COI and COII genes71-74. These 
studies indicated the species has undergone two 
independent radiations from its origin in Africa: 
the oldest to the East (Madagascar, Middle East and 
India) and the most recent to the West (Americas 
and Madeira)71-72. Thus, all fig fly populations 
from America studied using sequences from 
mtDNA revealed lack of population structure 
and low genetic diversity, probably due to the 
population bottlenecks during the initial phase 
of the invasion73-74. In Mexican73 and Argentinan74 
populations were detected haplotypes shared with 
Brazilian ones that would indicate the Atlantic 
coast of the Sao Paulo area in Brazil as the unique 
recipient of the invasion in South America and 
determining that dispersion in the American 
continent must have been northward from that 
point4,35-36.
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The esterase polymorphism is another 
genetic marker used to investigate the fig fly 
bioinvasion in Brazil36,40,44. The high frequency of 
Est31 allele in almost all sampled populations of 
this species here had been detected yet in other 
Brazilian populations investigated to this marker 
before 200736,40; however, this frequency had been 
lower in other populations collected in 200217, 
including those from former African populations. 
The data of our study suggest a possible founder 
effect in sampled populations that they were 
possibly originated from propagules with a high 
frequency of Est31. This common allele would 
tend to improve the frequency by genetic drift, 
in addition to the gene flow that could have 
transferred alleles between populations. Indeed, 
the Est31 allele had not been detected in the fig 
fly population from Brasília in 200217, but it was in 
200436. Sampled populations in 2004 from RP and 
O have recorded high frequencies of Est31 allele 
(0.34 and 0.35, respectively); more than ten years 
later, these frequencies have improved to 0.61 and 
0.66, which could have been a result of genetic 
drift.

These dynamics in the variation of Est3 
allele frequencies throughout the colonization 
history of the fig fly in Brazil indicate that this locus 
is an appropriate genetic marker for evolutionary 
studies since it is possible to detect variations on 
its frequencies over time. The Est3 heterozygosity 
indicated that populations have different genetic 
structures, indicating gene pools with higher (C 
and CA) and lower (O and RP) variation, and 
the data obtained here indicate relative isolation 
of the G populations. This genetic landscape is 
reinforced by the PCA ordination, the UPGMA 
clustering, and the genetic barriers estimated by 
the MMDA, which would indicate the isolation of 
the G population from the others. This scenario 

is compatible with that proposed by Galego and 
Carareto36, where fig fly dispersion along the 
Brazilian territory occurred through two main 
highways: Transbrasiliana (BR153) and Fernão 
Dias (BR116). Thus, the other populations sampled 
could be connected via BR153 and junctions, and 
G would receive less gene flow from individuals 
of the dispersion in this highway, becoming more 
differentiated.

Invasive populations of the fig fly from 
Argentina showed genetic variation for phenotypic 
plasticity in evolutionary and ecological traits, 
indicating the existence of heterogeneity between 
populations75. This could be a critical factor in the 
ability of populations to explore new habitats, 
pattern also reproduced in Est3 locus variation 
for the fig fly populations from Cerrado. Besides 
that, the genome sequence data and parameter 
estimates from thermal performance curves 
suggest the species has the broadest thermal 
niche of measured species of Zapionus genus 
investigated. That performance did not differ 
between invasive and native populations. These 
results illustrate how aspects of genetic diversity 
in invasive species could have helped the fig 
fly’s expansion range76 that include the Brazilian 
Cerrado invasion.

5 CONCLUSION

The fig fly is an efficient colonizer and 
has a wide distribution in the Cerrado Biome; the 
allele variation of Est3 locus could offer valuable 
information about the adaptation and evolution 
of this species. Besides that, the Brazilian 
Cerrado colonization shows variation in genetic 
polymorphisms and demography of populations 
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that invaded differents Cerrado’s phytodomains, 
which could have been a biological response to 
selective pressures exerted by biotic and abiotic 
factors present in them.
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