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ABSTRACT

Bactrocera carambolae Drew & Hancock (Diptera: Tephritidae), native of Southeast Asia, is present in
Brazil but restricted to Amap4, Para and Roraima, where it has quarantine pest status. The possible
dispersion to other fruit producing regions of Brazil could cause damages, including for exportation,
due to quarantine restrictions imposed by fruit importing countries. The objective of this work was
to describe the biological parameters and calculate the fertility life table of B. carambolae on grape (Vitis
viniferaL.) and acerola (Malpighia emarginata DC.). The experiment was conducted in the laboratory under
controlled conditions. The mean number of punctures and the mean number of eggs per female on grapes
were 1.48 +0.05 and 9.87 + 0.36, respectively. The mean number puparia per fruit was 0.1 £ 0.02 (grape)
and 0.5+0.10 (acerola). The pupal viability was 82.4% (grape) and 70.6% (acerola). The mean time + SE
of one generation, in days, was 25.8 +1.10 (grape) and 19.7+£0.21 (acerola). The mean fecundity was
1663.8 £501.01 (grape) and 206.9 4 26.21 (acerola) with eggs viability of 5.6% (grape) and 12.5% (acerola).
The mean longevity, in days, was 77.3 +12.13 on grape and 82.4 +4.24 on acerola. The study found that

B. carambolae completes its biological cycle on grape and on acerola leaving offspring.
© 2019 Sociedade Brasileira de Entomologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The carambola fruit fly, Bactrocera carambolae Drew & Hancock
(Diptera: Tephritidae), native to Southeast Asia, has been present in
South America since 1975 (Malavasi and Zucchi, 2000; Silva et al.,
2011). In Brazil, this fruit fly was recorded for the first time in 1996
and is restricted to the states of Amapa, Para and Roraima (Godoy
et al, 2011; Brazil, 2013; Morais et al., 2016). It has status of quar-
antine pest and is under official control of the Brazilian Ministry of
Agriculture (MAPA) through the National Program for the Eradica-
tion of Carambola Fruit Fly (PNEMC) (Brazil, 2013). This fly is one
of the most important pests in fruit production, especially as it is
considered the main phytosanitary barrier for exports (Silva et al.,
2005; Ferreira and Rangel, 2015).

The carambola fruit fly is a polyphagous species. In Brazil, it has
been registered in 21 host fruits from nine families: Anacardium
occidentale L. (Anacardiaceae), Averrhoa carambola L. (Oxalidaceae),
Byrsonima crassifélia (L.) Kunth (Malpighiaceae), Capsicum chinense
Jacq. (Solanaceae), Citrus aurantium L. (Rutaceae), Citrus reticu-
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lata Blanco (Rutaceae), Chrysobalanus icaco L. (Chrysobalanaceae),
Eugenia stipitata McVaugh (Myrtaceae), Eugenia uniflora L. (Myr-
taceae), Licania sp. (Chrysobalanaceae), Malpighia emarginata Sessé
& Moc. Ex. DC. (Malpighiaceae), Mangifera indica L. (Anacardiaceae),
Manilkara zapota (L.) P. Royen (Sapotaceae), Pouteria caimito (Ruiz
& Pav.) Radlk. (Sapotaceae), Pouteria macrophylla (Lam.) Eyma
(Sapotaceae), Psidium guajava L. (Myrtaceae), Psidium guineense
Swartz (Myrtaceae), Rollinia mucosa (Jacq.) Baill. (Annonaceae),
Spondias mombin L. (Anacardiaceae), Syzygium cumini (L.) Skeels
(Myrtaceae) and Syzygium malaccense (L.) Merr. & L. M. Perry (Myr-
taceae) (Adaime et al., 2016). Thus, its possible dispersion to other
regions of the country could jeopardize fruit production, depend-
ing on its ability to multiply in different crops (Marchioro, 2016;
Pessoa et al., 2016; Jesus-Barros et al., 2017a).

Brazil is the third largest fruit producer in the world, being
the fruit farming a major sector in Brazilian agribusiness (SEBRAE,
2015). Southern and northeastern Brazil are the most important
poles of fruit production, especially the latter, which due to mod-
ern irrigation systems coupled with high temperatures throughout
the year allow continuous production (Bustamante, 2009; Pederiva
et al., 2015). In Brazil, one of these fruits is the grape, Vitis vinifera
L. (Vitaceae), which is widely cultivated in northeastern and south-
ern regions. Recently the world market was become interested in
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fruits of M. emarginata, common named as acerola, Barbados-cherry
or West Indian-cherry, which growns in northern and northeast-
ern Brazil due to high vitamin C content (Calgaro and Braga, 2012;
Pederiva et al., 2015).

In view of the importance of B. carambolae for national fruit
growing and the lack of knowledge about its biological cycle,
biological studies on its different hosts and even potential hosts
are fundamental for risk prediction models of pest dispersal
(Marchioro, 2016). Therefore, this work aimed to describe the biol-
ogy of B. carambolae on the potential host, grape, and on the natural
host, acerola, as well as calculate parameters of the fertility life
table.

Material and methods
Rearing of the carambola fruit fly

The artificial rearing of the B. carambolae was established in
2013 and maintained in the Laboratory of Plant Protection at
Embrapa Amap4, in Macapa, Amap4, Brazil. The larvae were kept
under controlled condition chamber (28 +1°, 804+ 10% RH, with-
out photophase) and fed an artificial diet based on sugarcane
bagasse. The eggs were collected through artificial oviposition sub-
strate. The diet was provided in Petri dishes (15 x 2.5 cm), where
the eggs were deposited on a layer of moistened filter paper
(4 x 6 cm). Dishes with diet and eggs were placed on plastic trays
(38 x 53 x 8 cm) containing approximately 1.5cm of fine vermi-
culite in the bottom for the larvae to pupate. The puparia were
kept in plastic pots (500 mL) containing vermiculite in the bottom,
in the incubator chamber (26 1 °C, 12 h photophase). The adults
were kept under controlled condition chamber (27 +1°C; 70 + 10%
RH; 12 h photophase), in cages made from a transparent plastic box
(53 x 37 x 35 cm), about 150 pairs per cage. They received food con-
taining protein (Bionis® YE MF) and refined sugar in the proportion
of 1:3 and water (Bariani et al., 2016).

Biology of carambola fruit fly on grape and acerola

The experiments were conducted from October 2016 to May
2017, with insects originating from the rearing. The adults used in
the experiments with the grape cv. Italia and the acerola var. Junko
were the sixth and the seventh generation reared in the laboratory,
respectively.

The grapes used came from the S3o Francisco valley (Petrolina,
Pernambuco, Brazil), whose insecticide applications ended 60 days
before harvest and were collected at the harvest point. A sample of
20 berries was separated. They were measured, weighed, and the
soluble solids (°Brix) were quantified using a digital refractome-
ter (Hanna model - HI 96801) with the mean values recorded of
2.14+0.03 cm, 0.008 £+ 0.0003 g,and 15.1 + 0.61 °Brix, respectively.
The grapes were first offered approximately seven days after har-
vesting.

Six groups of 20 couples from one of the sexually mature
breeding cages (20-28 days old) were separated into plastic jars
(21 x 14 x 12 cm), with the same food used during rearing and
water. For each group, ten berries of V. vinifera were offered, so
that the fruit flies acquired a previous contact with this oviposition
substrate (experiment), for a period of 24 h. Before being offered
to the flies, the grapes were inspected to ensure the absence of
oviposition punctures from the field and remained immersed in
hypochlorite solution at 0.005% for 1h, according to Menezes and
Assis (2004), then washed and dried. After this period, ten grapes
were offered daily for nine days to each group of couples, for a
period of three and a half hours (11 AM to 2:30 PM), for a total sam-
ple of 540 berries. Soon after exposure, all berries were observed

under binocular stereomicroscope, to record the oviposition punc-
tures, which were marked with a ballpoint pen. Subsequently, each
berry was individually wrapped in a plastic pot (200 mL) containing
a 0.5cm thin-layer of vermiculite (type B) sterilized in the bot-
tom and kept in an air-conditioned room (28 +1°C; 804+ 10% RH;
without photophase).

Five days after exposure, a sample of 270 berries, five of each
exposed set, were opened to count the number of viable and unvi-
able eggs. The remaining 270 berries remained in the pots with
vermiculite in the same chamber until the thirtieth day and were
examined daily for larvae and/or puparia. Each puparium was
weighed in a precision scale (Adventurer™, model - AR3130-3L0)
and placed individually in flat-bottom glass tubes (8.5 x 1.5 cm),
containing sterilized vermiculite and moistened filter paper, and
closed with parafilm (Parafilm M® ). The flasks with puparia were
kept in an incubator (26 +1°C; 12 h photophase) until emergence.

The puparia were observed daily to record the emergence,
sex the percent of deformed adults. Couples were formed with
adults without deformation and separated into plastic containers
(21 x 14 x 12 cm), receiving water and the same diet used for rear-
ing. For each couple, beginning the seventh day of life, an artificial
oviposition substrate was offered according to Bariani et al. (2016)
and a mixture of water and grape pulp of the same cultivar was
placed inside. Each day, the substrates were replaced and the eggs
counted. Each day, 20 eggs (or all the egg when there was less
than twenty) were placed on sponge fabric moistened with dis-
tilled water and kept in an incubator (2641 °C; 12 h photophase)
for hatching. This procedure was repeated throughout the oviposi-
tion period. The eggs were evaluated daily for six days by recording
the number of larvae each day. The couples were kept to death.

The variables recorded were the number of punctures, total eggs,
viable eggs and puparia, puparium weight, duration of egg-pupae,
pupa, and egg-adult phases, sex ratio, longevity, fecundity, fertility,
and length of pre oviposition, oviposition and post oviposition peri-
ods. The acerolas came from an organic orchard located in the rural
area of Macapa, Amapa, Brazil. The fruits, about 0.5 cm in diameter,
two to three days after flowering, were protected by bags made
with voile type fabric. At the beginning of maturation (when the
color of the pericarp turned from green to yellow), the fruits were
harvested every two days and taken to the laboratory. A sample of
20 fruits was separated. Then they were measured, weighed, and
the soluble solids (°Brix) quantified, using a digital refractometer
(Hanna, model - HI 96801), and the mean values recorded were
2.5+0.03 cm; 0.008 +0.0002 g; and 6.8 £+ 0.09 °Brix, respectively.

The method used to disinfect, infest, and evaluate acerola was
the same as the grapes. For acerola, the punctures and the number
of eggs deposited could not be recorded, because the color and con-
sistency of the pulp made it impossible reliably evaluate. Therefore,
the evaluations of this fruit were carried out beginning in the pupa
stage.

Statistical analysis

Averages, standard errors, and percentages of viability were cal-
culated for each evaluated aspect. The averages were submitted to
the homoscedasticity test and, according to the result, were com-
pared by ANOVA or Kruskal-Wallis, at a significance level of 5%,
using the program Bioestat” 5.0 (Ayres et al., 2007). Fertility life
table parameters were calculated according to Silveira Neto et al.
(1995), determining: net reproduction rate (Ro); interval between
generations (rm); and finite rate of increase (A). Survival was
calculated using Kaplan-Meier survival curves by program IBM
SPSS Statistics 23 (IBM, 2013).



J. Pasinato et al. / Revista Brasileira de Entomologia 63 (2019) 217-223 219

Table 1

Mean duration (+ Standard Error) (days) and range (Variation Interval) of the egg-pupal, pupal, and egg-adult periods of Bactrocera carambolae maintained on grapes (Vitis
vinifera) and acerola (Malpighia emarginata) in laboratory (26 £+ 2 °C; 60 &+ 10% Relative Humidity; photophase 12 h) (N=number of insects evaluated).

Period Grape Acerola
N Mean (+ Standard Error) Variation Interval N Mean (&4 Standard Error) Variation Interval
Egg-pupal 17 10.6 + 0.29a° 9-14 281 9.2 £ 0.17b 6-16
Pupal 14 14.7 £ 1.27a 6-24 281 9.5 + 0.17b 3-17
Egg-adult 14 25.8 + 1.10a 17-35 317 19.7 £ 0.21b 16-40

2 Means followed by different letters in the lines differ by Dunn test (p <0.05).

Table 2

Mean duration (£ Standard Error) of pre oviposition, oviposition, and post oviposition periods (days), mean longevity (+ Standard Error) (days), and respective range of
variability (Variation Interval) of mated Bactrocera carambolae adults maintained on grapes (Vitis vinifera) and acerola (Malpighia emarginata) in laboratory (26 + 2 °C; 60 & 10%

Relative Humidity; photophase 12 h) (N =number of insects evaluated).

Parameter Grape Acerola
N Mean (& Standard Error) Variation Interval N Mean (& Standard Error) Variation Interval

Period (days)

Pre oviposition 5 14.8 + 0.80° 13-17 62 17.6 + 1.38° 10-92

Oviposition 5 46.8 + 14.28° 6-87 61 60.3 + 4.87° 1-132

Post oviposition 4 18.8 + 7.75° 5-41 59 46.7 £+ 6.25% 1-158
Longevity (days)

Females 5 70.8 + 12.16* 23-89 76 88.1 + 5.81° 1-188

Males 5 83.8 £ 22.20° 2-127 69 76.2 £ 6.16° 2-200

Total 10 77.3 £ 12,132 2-127 145 82.4 + 4.24° 1-200

2 Non significant difference between grape and acerola for the parameters evaluated by the Tukey or Dunn test (p > 0.05).

Results

Punctures were observed in 99% of the grapes offered to B.
carambolae couples over nine days. The mean number of punc-
tures per female was 1.48 +0.05 and did not differ between days
(F=2.1093; df =8; p=0.0542). The mean number of eggs per female
in grapes was 9.87 +0.36. Each puncture contained, on average,
7.3+0.22 eggs and in 15% of them had between one and three eggs.

The mean viable eggs per grape 0.4 4+0.06 was extremely low,
because from a total of 10,658 eggs counted, only 1142 were viable
(10.7%). Despite the high number of eggs found in the grapes, mean
puparia per grape (0.1+0.02) was low, with a minimum of zero
and a maximum of four, indicating low viability (1.5%) for the larval
phase. Of the 300 grapes observed, 95.3% contained no puparium
formation and pupal viability was 82.4%.

The mean number of puparia per acerola was 0.5 +0.10 (min-
imum zero and maximum 16), which is higher than observed on
grapes. Of the 540 acerolas evaluated, 80.4% contained puparia and
the pupal viability was 70.6%.

The mean pupal weight of the insects kept on grapes
(114£0.7 mg) ranged from 3 to 14 mg and was higher (H=38.3839;
df=1; p=0.0038) than those from acerolas (8 + 0.3 mg), which var-
ied from 1 to 10 mg.

The mean duration of the egg-pupal period on grapes was
higher (H=12.4094; df=1; p=0.0004) than in acerolas. This also
occurred for the pupal phase (H=25.3680; df=1; p<0.0001) and
egg-adult period (H=27.7148; df=1; p<0.0001) (Table 1).

No difference was detected between B. carambolae females from
grape and acerola fruits for the duration of pre oviposition peri-
ods (H=0.1379; df=1; p=0.7103), oviposition (H=0.6779; df=1;
p=0.4099), and post oviposition (H=0.6014; df=1; p=0.4380)
(Table 2).

The first ovipositions of B. carambolae on grapes were verified
between 13 and 18 days after the emergence and extended until
the hundredth day (Fig. 1). Between the twentieth and seventi-
eth days, the amount of eggs deposited showed a marked variation
between days. In females that developed on acerola, the first pos-
tures occurred between the eighth and fourteenth day after the
emergency; however, one female only began to oviposition on

day 92 of life and remained active until day 134 (Fig. 1). Between
the eleventh and thirty-first day, the greatest number of eggs was
deposited, which remained consistent throughout this period, but
then decreased after. The mean number of eggs/female/day for
grapes and acerola was 19.4+1.78 and 1.4 +0.14, respectively. In
both groups, females did not oviposition some days. However, the
females deposited on one day up to 60 eggs on grape and 10 on
acerola.

The mean total fecundity in females from grape was
1663.8 £501.02 eggs (minimum of 248 and maximum of 2641),
whereas for the acerola, it was 206.9 & 26.21 eggs. The viability of
eggs originated from adults whose larvae developed on grapes and
acerola was 5.6% and 12.5%, respectively.

The mean longevity of the fruit flies did not differ between
male and female for those on grape, (F=0.2638, df=1, p=0.6254)
or acerola (H=2.3847; df=1; p=0.1225). Adults maintained on
grape had similar longevity toacerola(H=0.2312;df=1;p=0.6307)
(Table 2). The survival of the insects maintained on grape ranged
from 2 to 127 days, whereas on acerola, the minimum was of 1 and
the maximum 200 days (Fig. 2).

The interval between generations (IGM) or mean generation
time for grape and acerola was 25.8 and 19.7 days, respectively.
The other parameters of the fertility life table, such as net repro-
duction rate (Ro), intrinsic rate of increase (ry, ), and finite ratio (A)
were higher for acerola (Table 3).

Discussion

The presence of oviposition punctures in berries of two grape
cultivars (V. vinifera and Vitis labrusca L.) has already been
reported for another Tephritidae, Anastrepha fraterculus (Wiede-
mann) (Diptera: Tephritidae) (Zartetal.,2010). The puncture injury
produced by this species can cause deformation and fall of the
berries (Zart et al., 2011). The present study found that female B.
carambolae punctured the V. vinifera berries, demonstrating the
potential of this species to use the grape as host and cause this
same type of injury. The mean number of punctures per female
fruit fly was less than that found in starfruit (A. carambola L.) (Oxal-
idaceae) (2.57 £0.27) by Jesus-Barros et al. (2017b). Considering
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Fig. 1. Daily oviposition rhythm of Bactrocera carambolae on grapes (Vitis vinifera) and acerola (Malpighia emarginata) in laboratory (26 & 2 °C; 60 = 10% RH; photophase 12 h).

©
>
e
>
(]
or e
T I ] T T
0 50 100 150 200
Time (days)
_ v Acerola _y Grape

Fig. 2. Survival curves of Bactrocera carambolae adults grown on grapes (Vitis
vinifera) and acerola (Malpighia emarginata) in laboratory (26 +2°C; 60 + 10% RH;
photophase 12 h).

that each starfruit was exposed to only one female fruit fly, the
results suggest that the presence of many individuals (20) in the
grapes may have generated competition and reduced the number
of punctures per individual. The size of the fruit may also have inter-
fered in the number of punctures, since grapes, although they were
offered in a higher number (10), have a much smaller area available
for oviposition/female than starfruit. The maturation stage of the
starfruit when offered to the fruit flies was green and ripe-green
while the grapes were already ripe, which may make them less
attractive, a factor that may be responsible for the higher number
of punctures/female found by Jesus-Barros et al. (2017b).

B. carambolae deposited eggs in the grapes in groups and just
below the epicarp, which similar to that described for A. fraterculus
by Paranhos (2008) and Godoy et al. (2011). In Bactrocera dorsalis
(Hendel) (Diptera: Tephritidae), Xu et al. (2012) also found that the

Table 3

Interval between generations (IGM) (days), net reproductive rate (Ro), intrinsic rate
of population increase (), and finite ratio of increase ()) of Bactrocera carambolae
maintained on grapes (Vitis vinifera) and acerola (Malpighia emarginata) in labora-
tory (26 £2°C; 60 + 10% Relative Humidity; photophase 12 h) (N=number of insects
evaluated).

Host IGM Ro o A
Grape 25.8 1.2 0.0007 1.01
Acerola 19.7 39.2 0.186 1.20

eggs were placed in groups and approximately 1-2 mm below the
epicarp of grapes. It is important to note that in some punctures
in the grape, no eggs were found, thus B. carambolae, even without
infesting the grapes, can cause damage by injuring the epicarp with
the ovipositor.

The mean number of eggs/female found in the grapes was
lower than that observed by Jesus-Barros et al. (2017b) in starfruit
(33.09+4.49), also in laboratory. This difference may be related to
the time each fruit was exposed, while each starfruit was offered
for 48 h, the grapes remained with the flies for only three and a half
hours.

The number of eggs deposited by B. carambolae per puncture
in the grapes here was lower than recorded by Jesus-Barros et al.
(2017b) and higher than Chua (1994), both in starfruit in labora-
tory. Thus, it seems that this is not related either to the species or
the amount of host fruits. The size of the egg groups deposited by
B. carambolae in starfruit in laboratory was not associated with the
fact that the females had only one or several fruits available (Chua,
1994). In a starfruit orchard, naturally infested by B. carambolae,
Chua and Khoo (1995) found a variable number of eggs/puncture,
which the authors attributed to a strategy to avoid intraspecific
competition and/or escape from natural enemies. Females of B.
dorsalis responded to the increase in fruit supply, placing smaller
groupsinalarger number of hosts (Xu et al.,2012). Despite the large
number of eggs deposited by B. carambolae, the viability was low;
this result may be related to the type of food in which the larvae
were reared, a diet with structural element from sugarcane bagasse
and protein source from soy protein (Bariani et al., 2016). Another
factor that may have also influenced viability is the inbreeding that
occurs when many generations are kept in the laboratory, without
the periodic introduction of wild individuals, in case the insects
used were the sixth-generation laboratory reared.
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The reduced number of puparia formed in the grapes also shows
the low viability of the larval phase, which may be because this fruit
is not a natural host of B. carambolae and nutritionally adequate,
along with the high intraspecific competition, as only 25% of the lar-
vae in a grape reached the pupal stage. The maturation stage of the
fruits may explain this low viability is since the grapes were already
ripe when exposed to the flies, thus reducing the time in which
they could providing adequate nutrients for larval development.
Larval viability of B. dorsalis, on grapes, depended on this stage of
ripeness (Chu and Tung, 1996). In Ceratitis capitata (Wiedemann)
(Diptera: Tephritidae), Krainacker et al. (1987) verified that the
nutritional quality of the fruit is the main factor affecting larval per-
formance. The larval development of C. capitata in kaki (Diospyros
kaki L.) (Ebenaceae), apple (Malus domestica Borkheim) (Rosaceae),
peach (Pyrus communis L.) (Rosaceae), and grape was compared
and although grape has a high value of total proteins, it also had
the highest amount of soluble acids and pH, which may affect the
development of fruit flies with in the grape (Zanardi et al., 2011).
The nutritional quality of the same fruit varies, so in high infes-
tations, the ingestion of less nutritious tissues is more probable
(Dukas et al., 2001).

The mean number of puparia formed in the acerolas exposed
to the carambola fruit fly was greater than in the grapes. In fact,
acerola has been reported as a host of carambola fruit fly, both in
Suriname, by Sauers-Muller (2005), and in Brazil, by Adaime et al.
(2016). Although the egg and larva stages presented low viability
on grape, it was high in the pupal stage (82.4%), which was also
observed on acerola (70.6%). These values are corroborated by those
reported by Himawan et al. (2012), although they feed the larvae of
B. carambolae with diets based on grains (92.1%) and tofu (83.2%).

The lower weight of the puparia obtained in acerola compared
to grape can be explained by the greater number of these observed
per fruit, which caused the food resource to be divided by a larger
number of larvae. Zart et al. (2010), maintaining A. fraterculus in
V. vinifera grapes, obtained heavier pupae (15.1 £ 0.31 mg). Similar
values were also detected for Anastrepha sp. in Myrtaceae fruits
(Salles and Leonel, 1996). The latter authors mentioned that the
heavier puparia were observed when the fruits had smaller number
of puparia.

The duration of the egg-pupal, pupal, and egg-adult phases was
significantly shorter for the insects that developed on acerola, a dif-
ference that may be due to the distinct nutritional quality between
these two hosts. The acerolas may have provided adequate and suf-
ficient resources for the larvae, thus allowing the biological cycle
to be shorter, because the only difference between the two groups
was the host fruit.

For the adult phase, the duration of the pre oviposition,
oviposition, and post oviposition periods were similar for insects
developed on grape or acerola. Females of B. carambolae from star-
fruit and maintained under the same laboratory conditions also
had long oviposition periods (Jesus-Barros et al., 2017a). Female
tephritids are sinovigenic, then need to eat food, especially protein,
for oocyte maturation throughout their lives (Tsiropoulos, 1983;
Zucoloto, 2000). Thus, the duration of the pre oviposition period
observed for B. carambolae appears to be similar to other species of
this group.

The oviposition pattern observed in present study is corrobo-
rated by Jesus-Barros et al. (2017a), in laboratory for this same
tephritid species. These combined results affirm that the long
period of oviposition of B. carambolae may exacerbate the damages
it can cause in the field. In other tephritids, such as A. fratercu-
lus also maintained in V. vinifera grape, Zart et al. (2010) found a
shorter mean period of oviposition (20.70 +2.76 days), indicating
less potential to cause damage, compared to the carambola fruit
fly. For C. capitata, Zanardi et al. (2011) recorded oviposition peri-
ods longer than that of A. fraterculus, but shorter than observed for

B. carambolae. The duration of the oviposition period in tephritids
seems to be an intrinsic characteristic of the species.

The average fecundity of B. carambolae that have grown into
grapes followed the pattern reported for the species by Godoy et al.
(2011) and Malavasi et al. (2013), which is to lay 1000 to 3000 eggs
throughout her life in laboratory and, from 1200 to 1500 in the
field. However, for the acerola group, mean values of fecundity were
lower. For artificial oviposition substrates containing either grape
or acerola pulp, the results suggest that grape is more attractive to B.
carambolae. In Diptera, Broufas et al. (2009) stated that host quality
affects oviposition dynamics and ovarian maturation. Oviposition
in this group, itself stimulates egg maturation (Papaj, 2005). How-
ever, the viability, compared to that recorded for females fed on
sugarcane bagasse diet, was superior in both hosts, indicating that
these fruits are nutritionally superior.

Mean longevity did not differ between adults from both hosts.
The extremely small number of adults evaluated from the grape
(n=10, five males and five females) may be responsible for this lack
of detected significant difference. In the present study, the mean
longevity adults of in acerola was 82.4 4 4.24, with a minimum sur-
vival of 1 and maximum of 200 days; while in the grape, longevity
was 77.3 +£12.13, with a minimum of 2 and a maximum of 127 days
(Fig. 2). Although done in laboratory, these results still suggest that
the carambola fruit fly can survive for a long period of time, during
which, in addition to causing damage, it can leave many offspring.
Our results are corroborated by those of Jesus-Barros et al. (2017a)
who recorded, for females of this species minimum survival of 15
and maximum of 150 days.

No adults with deformation were found in the group from the
grape, perhaps due to the small number of insects that emerged. In
acerola, 2.8% of adults were found with wing deformations, which
may be associated with absence or a low level of hormones that
control the process of ecdysis and metamorphosis. In addition,
low humidity and nutritional deficiency can affect the emergence
process (Gullan and Cranston, 2012). Himawan et al. (2012) also
reported that good imago quality depends on the diet of the imma-
ture insect, because it needs to provide nutrients that ensure good
nutrition. In the present study, the small percentage of deformation
does not appear to be associated with the nutritional quality of the
host.

The net reproduction rate (Ro), that is, the total number of
female offspring produced per female throughout the breeding
season, which reaches the next generation, for the insects that
developed on grapes was 1.2. In acerola, the value was about 33
times higher (39.2), indicating that acerola is a more suitable host
for B. carambolae. However, even with low Ro values, the grape
allowed the species to multiply. For another species of the same
genus, Bactrocera cucurbitae (Coquillett) (Diptera: Tephritidae), the
Ro values observed by Yu-Bing and Hsin (2012) also varied accord-
ing to host; in Cucumis sativus L. (Cucurbitaceae) it was 137.8; in
Luffa cylindrica Mill (Cucurbitaceae) 172.3; and in the Daucus carota
L. (Apiaceae) 46.8. On V. vinifera grapes, Zart et al. (2010) found a
very similar value (1.71) for A. fraterculus as we did for B. caram-
bolae, which indicates that grapes are not a good host for fruit
flies.

The intrinsic rate of population increase (ry, ) or the innate ability
to increase in number was about 265 times lower for individuals
keptin grape than for those who fed on acerola. This result indicates
thatacerolaisindeed an important multiplier host for B. carambolae
in North region of Brazil, corroborating that pointed out by Almeida
et al. (2016).

The finite ratio of increase (A) or the number of times the popu-
lation multiplies in a unit time, on grape was 1.01, which was equal
to that found by Zart et al. (2010) for A. fraterculus in the same type
of grape. Yu-Bing and Hsin (2012), who feed B. cucurbitae larvae
on C. sativus L. (Cucurbitaceae), Lagenaria siceraria (Molina) Standl.
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(Cucurbitaceae), or D. carota, also found values between 1.07 and
1.15, which is similar to those of this study. This parameter does
not appear to vary among the tephritid species even in different
hosts.

This work was the first in Brazil to evaluate the biology of
B. carambolae on grape and acerola. Although this species is not
directly related to grape, as this fruit is not cultivated in its center
of origin, the results indicate that the carambola fruit fly recognizes
grape as an oviposition substrate. Although grape is not a good
host, the large number of punctures recorded in the grapes indi-
cate the possibility of extensive damage by this fruit fly to this crop.
The few individuals who reached the adult stage in grape showed
high fecundity and were long-lived, which are important aspects
to consider when studying the potential of an insect to become a
pest.

On the other hand, acerola is already reported to host this
species. Our results demonstrated that this fruit was suitable for
of B. carambolae development. Acerola could become a multiplier
host increasing the probability for the population growth of this
fruit fly, because acerola is cultivated in other regions of Brazil and
has great commercial interest.

The study of Marchioro (2016) showed, based on the climatic
factors, that the dispersion of B. carambolae to other regions of
the country is possible. The results of the present work verify that
grapes and acerola are suitable for the development of this species.
Therefore, measures to prevent the dispersion of the carambola
fruit fly to other areas is important due to the economic importance
of fruit crops in Brazil, both for the internal and external markets,
along with the imposed quarantine barriers.
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