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Introduction

Feijoa, Acca sellowiana (Berg) Burret belongs to the 
Myrtaceae family; it is native to South America and is 
widely dispersed over the Brazilian southern highlands 
and northeastern Uruguay. This species is popularly 
known as “goiabeira-serrana”, “goiabeira-da-serra” 
or feijoa. In English it is called “pineapple guava” 
(Ducroquet et al. 2000). Its fruits have a peculiar odor 
and taste, and its commercial cultivation is encouraged 
because it is considered to be the “plant of the future” 
by the Department of Biodiversity and Conservation of 
the Ministry of Environment (MMA 2007). The feijoa is 
mostly cultivated in small areas; despite this, the fruits 
have a great economic potential because juice, jam, ice 
cream, liqueurs and other products can be obtained from 
its fruits (Ducroquet et al. 2000). Countries such as New 
Zealand (Thorp and Bieleski 2002) and China (Zhang et 
al. 2010) have invested in the design and development of 
technologies for A. sellowiana crops. 
	 The	fruit	flies	of	the	Tephritidae	family,	mainly	those	of	
the genera Anastrepha and Ceratitis, are one of the major 
pests of temperate and tropical fruit trees in Brazil. These 
insects are economically important both for the variety of 
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native hosts and their wide distribution, which occurs from 
Mexico to Southern Argentina (Garcia 2009). 
 According to FAO (Food and Agriculture Organization), 
losses caused by Tephritidae reach US$ 1.7 billion every 
year, and 10 % of such losses occur in Brazil (FAO 2013). 
The Santa Catarina State has a richness of 70 species of fruit 
flies	 (Garcia	 et al. 2002), and 25 of these species belong 
to the genus Anastrepha (Zucchi 2008). Within this genus, 
Anastrepha fraterculus (Wiedemann, 1830) is the species 
of greater economic importance (Garcia et al. 2003). This 
species is distributed throughout 22 Brazilian states, with 
114 host plant species associated with 28 botanic families 
(Zucchi 2008). Feijoa is a primary host of A. fraterculus 
(Luckmann 2009), which is considered to be the main pest 
of this fruit tree.
	 Females	 of	 fruit	 flies	 puncture	 in	 fruits	 causing	 the	
death of cells near the oviposition site, resulting in fruit 
deformations. Larvae cause the greatest losses. They destroy 
the fruit pulp, accelerating maturation and provoking early 
fruit	drop	(Aguiar-Menezes	and	Menezes	2000).	These	flies	
move from one host to another, depending on availability of 
fruits. 
 There is no information on infestation level, phenology 
and taxonomy of species related to feijoa. Thus, further 
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studies are needed to provide a better understanding of the 
population	dynamics	of	fruit	flies	in	this	host.
 The periodicity of meteorological factors and its 
association	with	population	fluctuation	have	great	importance	
because these factors might affect insect mortality or 
development, for example, of oviposition, feeding or 
migration (Hopkins and Memmott 2003). The prediction 
of the occurrence and intensity of pest populations on agro 
ecosystems is an important tool for decision-making in an 
integrated pest management protocol (Aluja et al. 2012).
 Despite de high investments on fruit production in Brazil, 
there is little information about Tephritidae populations in 
native fruit trees, which could help understand the interaction 
between plants, pests, and meteorological factors. 
 Another fact that cannot be taken for granted is that 
feijoa	fruits	can	be	a	source	of	fruit	fly	multiplication,	which	
can	 foster	 the	 migration	 of	 fruit	 flies	 to	 cultivated	 areas.	
Therefore, there is a mistaken perception that some native 
hosts should be eliminated, which may threaten regional 
agrobiodiversity. This study aimed to characterize assembly 
and	 population	 dynamics	 of	 fruit	 flies	 in	Acca sellowiana 
orchard at the Lages region, Brazil.

Materials and methods

The study was conducted from December 2009 to May 2012 
in a 16 year old feijoa orchard located at an experimental 
station of Empresa de Pesquisa Agropecuária e Extensão 
Rural de Santa Catarina (EPAGRI), Lages, SC, Brazil 
(27º48’S 50º19’W) at an altitude of 904 m. The climate in 
the region is subtropical with rigorous winters and an annual 
average temperature of 16 °C. The orchard is rectangular and 
measures 1.5 ha. The plants are interspaced by one meter and 
spaced	five	meters	between	rows.	The	orchard	was	surrounded	
by native grassland, an urban area, a pinus reforestation, and 
natural forests remnants (Araucaria forest). 
 The orchard area was divided into four quadrants. In each 
quadrant, one plant located at its border was selected. Then 
a McPhail trap was installed 1.8 to 2.0 m high in branches 
located in the west side of the tree in order to avoid direct 
sunlight during the afternoon. Each trap received 250 ml 
of hydrolyzed protein at 5 % (BioAnastrepha®). Insect 
collection, trap cleaning and attractant replacement were 
done weekly. 
 Insects captured were separated from the bait solution 
through a sieve and placed in 80 mL plastic containers 
with 70 % ethanol. Then the samples were screened, sexed, 
identified	and	counted	in	a	laboratory.	
	 Species	 identification	was	done	through	the	observation	
of wings, thorax and aculeous morphology (Alberti et al. 
2012). Flies were put ventrally on a lid; then, the ovipositor 
was extracted and visualized on a microscope with 40x-100x 
zoom.	The	identification	of	the	genus	Anastrepha was based 
on Steyskal (1977) and Zucchi (2000). The other collected 
genera	 were	 identified	 through	 keys	 described	 by	 Foote	
(1980). 
	 Fruit	fly	assembly	was	characterized	by	 faunal	 analysis	
through the determination of indexes of frequency, constancy, 
abundance, dominance and species diversity. Frequency was 
determined by the percentage of individuals of each species 
compared	 with	 total	 adult	 flies	 collected	 in	 the	 traps	 and	
classified	 into	 the	 categories	 infrequent,	 frequent	 and	 very	
frequent by Thomazini and Thomazini (2002). Constancy for 

each species was determined by the equation: C = p*100/N, 
where p is the number of collections containing the species 
and N is the number of collections characterized in the 
following categories: constant, accessory, accidental. 
	 Calculations	 and	 classifications	 of	 abundance	 (rare,	
dispersed, common, abundant and very abundant) were 
done according to Garcia and Corseuil (1998). Species were 
classified	as	dominant	when	frequency	values	were	higher	to	
the limit calculated by the equation proposed by Silva (1993), 
LD = 1/Sx100; where LD: frequency and S: total of species. 
The diversity index was calculated by the equation proposed 
by Margalef (1951), DMg = (s-1)/LnN, where s: number of 
species sampled and N: total of number of individuals in the 
sample.
 Data on maximum temperature, mean temperature, 
minimum temperature, precipitation and relative humidity 
were provided by the meteorological station of Epagri/
Ciram, located at 200 m from the orchard used in this study 
at an altitude of 904 masl. Data from collections of A. 
fraterculus adults were used to study population dynamics 
and correlate it with meteorological data through Pearson’s 
analysis. Moreover, notes were taken about the phenology of 
feijoa plants. This information was useful for indicating the 
moment	fruit	flies	were	present	in	the	orchard	according	to	
plant phenology. 

Results and discussion

During the survey, 2197 Tephritidae adults were collected: 
957 were male and 1240 were females (gender ratio of 
1:1.3). Four species were collected belonging to three 
genera: Blepharoneura, Anastrepha, and Rhagoletis (Table 
1). The highest catch of females observed in this study was 
in accordance with results found by Santos et al. (2011) and 
Nunes et al. (2013). This behavior is probably associated with 
the need for protein sources presented by females to ensure 
the fertilization and nutrition of the eggs (Heath 1993).
 The genus Anastrepha was the most captured one (Table 
1), and it was the most representative (96 %, N = 2,189). This 
genus has already been described as a predominant species, 
mainly in the South and Southeast Brazil: in the states of 
Santa Catarina (Garcia et al. 2003; Hickel and Ducroquet 
2006; Teixeira et al. 2010), São Paulo (Souza-Filho et al. 
2000; Raga et al. 2004), Rio de Janeiro (Aguiar-Menezes and 
Menezes 2000) and Rio Grande do Sul (Garcia et al. 2003; 
Kovaleski et al. 2000; Scoz et al. 2006).
 According to Husch et al. (2012), due to its generalist 
habit, this species is displacing other Tephritidae from those 
regions. The preponderance of A. fraterculus in this study 
corroborates	 the	 findings	 of	Aguiar-Menezes	 et al. (2008), 
who stated that up to two Tephritidae species are predominant 
in homogenous commercial orchards, where they are usually 
crop key pests. The high dominance of only one or two fruit 
fly	species,	was	also	observed	by	other	researchers	in	Brazil	
(Garcia et al. 2003; Alberti et al. 2012; Husch et al. 2012).
 Comparing the attractiveness of different food baits in 
apple orchards, Teixeira et al. (2010) have observed that 99.9 
%	of	the	total	fruit	flies	captured	were	A. fraterculus. A similar 
result was found in peach orchards by Scoz et al. (2006), 
where they collected 1594 specimen of the genus Anastrepha 
100 % of them belonged to the species A. fraterculus. 
 Low equitability and high dominance of species were 
observed in the feijoa orchard (Table 1). Diversity obtained 
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by the Margalef index was considered low (below 0.5) when 
compared to the results obtained in other municipalities in 
Santa Catarina (Garcia et al. 2003; Kovaleski et al. 2000; Zilli 
and	Garcia	2010),	which	also	confirmed	the	predominance	of	
one species (Table 1).
 The high value of the Simpson index and the low values 
of Shannon-Wiener and equitability indexes (Table 1) 
indicate a dominance and high frequency of A. fraterculus, 
which	comprised	99.6	%	of	the	total	flies	captured.	In	similar	
studies, Dutra et al. (2009) and Santos et al. (2011) found 
higher Shannon and equitability indexes; however, those 
studies were conducted in tropical regions where a higher 
number of specimens of the genus Anastrepha are present.
 Two specimens of Anastrepha dissimilis Stone were 
captured in traps installed in feijoa trees. Nonetheless, A. 
sellowiana is not a host of this species. According to Zucchi 
(2007), the occurrence of A. dissimilis is associated with 
Passifloraceae	fruits.	Probably,	the	capture	of	A. dissimilis is 
due to the presence of native passion fruits (Passiflora spp.) 
located near the study area. 
 A small number of species belonging to genera 
Blepharoneura and Rhagoletis was also captured (Table 
1). According to Condon et al. (2008), Blepharoneura is 
a	Neotropical	genus	with	a	high	specificity	of	hosts,	and	 it	
develops	 mostly	 in	 Cucurbitaceae	 flowers.	 Specimens	 of	
Rhagoletis blanchardi Aczél that were collected in traps 
do not have an economic importance in Brazil (Zucchi 
2000). Probably, this species is associated with plants of the 
Solanaceae family, since it was observed to cause damage 
to tomato fruits, Solanum lycopersicum (Linnaeus, 1753) by 
Fenilli (1993) in Lages, Santa Catarina. 
 Hosts of the Myrtaceae family located in forests 
near commercial orchards are considered to be mainly 
responsible for sustaining A. fraterculus populations 
throughout the year. Bioecological studies have indicated 
that the feijoa is one of the most preferred hosts for this fruit 

fly	species	(Kovaleski	et al. 2000). Besides the availability 
of intermediate hosts, these authors reported that population 
density of A. fraterculus is highly dependent on climatic 
conditions, especially in periods with low temperatures 
in the winter. Climate, according to Berryman (1996), 
is	 one	 of	 the	 first	 factors	 that	 determine	fluctuation	 of	 an	
insect population. However, in this study, the capture of 
Tephritidae was not correlated with the climatic variables: 
temperature, rainfall and relative humidity (Table 2).
 Studies by Calore et al. (2013) in guava orchards 
(Psidium guajava L.) have shown that population peaks of 
Anastrepha spp. occur from January to March and coincide 
with periods of fruit availability in the orchard. This fact may 
indicate	that	the	incidence	of	fruit	flies	is	more	dependent	on	
host availability and stage of maturation rather than climatic 
factors	(Fig.	1).	Similarly,	 the	 influence	of	 temperature	and	
rainfall on Ceratitis capitata (Wiedemann, 1824) in a peach 
orchard, Prunus persica L. (Batsch, 1801) was not evidenced 
by Montes et al. (2011).
 Analysis of longer time series usually reduces correlations 
of climatic factors or even eliminates this possibility (Petchey 
2000). The climate can favor a population peak, but it is not 
a determining factor, because there are other physical and 
biological factors that act together on populations (Hickel et 
al. 2007). To Souza-Filho et al. (2000) and Ronchi-Teles and 
Silva (2005), biotic factors, host availability and fruit ripeness 
are more important for population density than abiotic factors 
such as climatic conditions. 
 On the Catarinense Plateau, higher populations of fruit 
flies	occur	from	December	to	March,	generally	accompanied	
by periods of ripeness of different fruits. Nonetheless, feijoa 
starts fruit maturation at the end of February and extends until 
May. Thus, as stated by Kovaleski et al. (2000), it is a fruit 
tree whose potential as an alternative host is to be explored by 
fruit	flies	in	the	off-season	for	fruit	crops	in	temperate	zones.	
	 Through	analysis	of	capture	of	fruit	flies	in	McPhail	traps	
for more than ten years, Salles and Kovaleski (1990) have 
reported	that	fruit	fly	populations	are	higher	at	the	beginning	
of November until the end of January, with population peaks 
in mid-December. However, feijoa ripeness occurs late, and 
in the three-year evaluation, population peaks occurred from 
February to March and coincided with fruit ripeness. 
	 Natural	 feijoa	 stands	 are	 a	 reservoir	 for	 fruit	 flies	 that	
can recolonize other temperate fruit trees. Thus, farmers that 
grow	feijoa	also	have	to	be	aware	of	migration	of	flies	from	
apple, pear, peach and other orchards, because female fruit 
flies	seek	new	oviposition	sites	and	can	enter	feijoa	orchards	
when fruits are ripening and are highly susceptible to damage 
caused	by	fruit	flies.

Species N Abundance Frequency Constance Dominance

Anastrepha fraterculus (Wiedemann) 2,189 Very abundant very frequent constant dominant

Anastrepha dissimilis (Stone) 2 rare Infrequent accidental non-dominant

Blepharoneura sp. 4 rare Infrequent accidental non-dominant

Rhagoletis blanchardi (Aczél) 2 rare Infrequent accidental non-dominant

Simpson index Shannon-winer index Equitability Margalef index

4.01 0.012 0.02 0.39

Table 1. Faunal indexes of Tephritidae captured in McPhail traps in a feijoa orchard in the municipality of Lages, Santa Catarina, Brazil 
(2009-2012).

N:	Number	of	fruit	flies	captured.

Linear correlation coefficient

Rainfall Tmean Tmin Tmax RH¹ 

(mm) (°C) (°C)  (°C) (%)

0.116 ns 0.2967 ns 0.3296 ns 0.2387 ns 0.1071 ns

Table 2. Linear correlation indexes calculated between Anastrepha 
fraterculus captured and meteorological factors: rainfall, minimuam 
temperature, mean temperature, maximum temperature and relative 
humidity from December/2009 to May/2012. Lages, Santa Catarina, 
Brazil. 

ns	Non	significant	at	5	%	significance	level.	¹	Relative	humidity.

Joatan Machado da Rosa et al.Revista Colombiana de Entomología



113

	 Population	dynamics	of	 fruit	flies	 varies	 from	one	year	
to another, as well as between different orchards in the same 
period. According to Nora et al. (2000), the absence of fruits 
is	 indicative	of	 fruit	fly	absence;	 from	May	 to	October,	no	
individuals were captured in traps installed on apple and 
peach orchards that received good management practices.
	 No	flies	were	captured	in	the	feijoa	orchard	studied	during	
July, August, September and October in all years evaluated, 
but	flies	were	captured	 in	May	 (2010,	2011	and	2012)	and	
July (2010), even in the absence of fruits. This behavior 
is possibly associated with late fruit drop and presence of 
decaying fruits in the orchard area. 
 The presence of A. fraterculus in native fruit trees is easily 
verified	and	the	infestation	index	is	usually	high	(Garcia	and	
Norrbom 2011). In a study conducted in the state of Santa 
Catarina, these authors have reported the presence of the 
insect in 20 species of native and exotic plants from eight 
botanic families. 
 Fruit ripeness in wild host plants affects population peaks 
during its period of occurrence. For example, Cereijeira-
do-Rio-Grande (Eugenia involucrata DC, Myrtaceae) is 
indicative of an initial occurrence of A. fraterculus in apple 
orchards. The diversity of wild and cultivated host plants 
with	different	fructification	periods	in	Brazil	promotes	fruit	
fly	reproduction	all	year	round	(Nora	et al. 2000). According 
to Bisognin et al. (2013), A. fraterculus is the most adapted 
species to wild fruit trees and this may be a decisive factor to 
its predominance in feijoa orchards. 
 The A. fraterculus population varied during the three 
crops evaluated. However, it was present in most of the 
sampling period in the feijoa orchard, except between July 
and November, 2010/2011 (Fig. 1). Population peaks were 
observed in February/2010, March/2011 and March/2012, 
which coincided with fruit ripeness. 
 The puzzling processes that cause change in the number 
of specimen over time, and also how changes occur, are 
usually the focus of population ecology studies (Lundberg 
et al. 2000). Knowledge of population dynamics and timing 
of	higher	occurrence	of	a	specific	insect	species	of	economic	
importance is a crucial requirement for establishing an 
efficient	 and	 rational	 control.	 It	 allows	 more	 effective	

management strategies to be planned (Ronchi-Teles and 
Silva 2005).
 In conclusion, it was observed that Anastrepha 
fraterculus, Anastrepha dissimilis, Rhagoletis blanchardi 
and Blepharoneura sp. species were captured by McPhail 
traps in the orchard of Acca sellowiana during the three years 
evaluated. It was found that A. fraterculus is the predominant, 
most	frequent,	constant	and	dominant	species.	No	significant	
correlation was obtained between climatic factors and 
population levels of A. fraterculus in feijoa orchards.
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