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ABSTRACT

Fruit flies are phytophagous insects that are important because of the damages caused to fruits, mainly by larvae
that feed on the pulp. Surveys of the diversity of these tefritids are still scarce in Brazil, especiallynazbe region,
the objective of this study was to establish the tritrophic relationship existing between spéciastdphatheir
parasitoids, and the fruits aceroMalpighia emarginateDC.), mango (Mangifera indica L.), and guava (Psidium
guajava L.) in the municipality of Brasil Novo, Para. Freshly fallen fruits were collected weekly from January to
December 2018, in three farmisiroughout the survey,324 puparium were collected in guavas, 2,682 in mangoes, and
644 in acerolas. The specidsastrepha obliquéMacquart, 1835) were identified in mango (90.3%), acerola (7.7%)
and guava (2.1%), amdhastepha striataSchiney 1868 were identified in guava (98.8%) and acerola (1.2%). Five
species of parasitoids were identified in association Aithbliguaand six species of parasitoids were identified in
association withA. striata The speci®oryctobracon areolatuéSzépligeti, 1911) was the most frequent among the
species of parasitoids recorded.
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INTRODUCTION and Bactrocera Macquart, 1835. The last two are

Fruit flies (DipteraTephritidae) are considered insect€Presented by a single species each, the Mediterranean
pests of great importance in world fruit productionfr“it fly, Ceratitis capitata(Wiedemann, 1824), and the
causing significant economic losses in production an§Arambola fruit fly Bactrocera carambolagDrew &
or leading to increased costs and management practiéé&ncock, 1994). The genusnastrephais to date
of orchards (Zucchét al, 2011). The economic lossesrepresented by 121 species identified throughout the
caused by fruit fly infestation reach approximately US $ Brazilian territory and infest several native and/or exotic
billion per year worldwide and US$ 242 million per year irffruits (Zucchi & Moraes, 2008).

Brazil (Oliveiraet al, 2013). Knowledge about the diversity of fruit flies, host

Damage is caused to the fruits by the females at egtpnts, and infestation rates is fundamental to define
laying and by the larvae feeding on the fruit pulp (Séiva management practices for this insect pest (Sival,
al., 2013), and losses can reach 100% in some untreagll). Howeveyaccording to Zucchi & Moraes (2008),
orchards depending on the cultivated species (Hernandagy 51% of fruit flies recorded in Brazil have at least one
etal.,2013). known host.

The economically important specieslephritidae in Of the 28Anastrephaspecies recorded in the state of
Brazil are separated into four geneékaastephaSchiner  Pard, only 11 have at least one known host plant (Adaime
1968;Rhagoletidoew, 1862;CeratitisMacLeay 1829; et al, 201§. Twenty-two host plant species were described
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in association witlAnastrephaspecies, in addition t6. theAmazon (INR). The adult females collected from the
capitata which is associated with four plant speciegruits were analyzed according to the wing and thoracic
(Adaimeet al, 2016Araljoet al, 2016). patterns and morphometric measurements of the aculeus
Therefore, our objectives were study the tritrophi@pex, according to the dichotomous keys by Zucchi (2000)
relationship between species Ahastrepha their and Zucchet al. (2011).
parasitoids, and the three commercial fruits acerola The parasitoids of the Braconidae family were
(Malpighia emargiata DC.), mangoMangifera indica identified based on the shape of the mandible and the
L.), and guavaRsidium guajava..) in the municipality of clypeus, structure and color of the wing and the
Brasil Novo, state of Pard, and to determine the infestatipnopodeum (Marinhet al,, 2011). The individuals of the
rates and percentage of parasitism. Figitidae family were analyzed based on the characteristics
of the antenna, thorax, and anterior wing venation (Gui-
MATERIAL AND METHODS mardes & Zucchi, 2011). The individuals of the Pteroma-
The study was carried out in three farms (Santa Rithdae family were identified based on the legs, wings and
03°18'7.03"S 052°28'57.98"W Pouso Alegre: antennae (Wharton &oder, 2019).The voucher
03°18'18.55"S 052°28'28.15"YBoaVista: 03°17°37.07"S specimens of fruit flies and parasitoids sampled were
052°29'3.80"W) in the Municipality of Brasil Novo, Meso- deposited in the Biological Scientific Collections at NP
Southwestern Para (IBGE, 2017), from January to December The parameters evaluated were the indices of
2018 According to the Képpen classification, the climaténfestation per kilogram of fruit, pupal viability (PV),
of the region is classified @sm - humid tropical, with parasitism rate (PT), and frequency of parasitoids per
average total annual rainfall ranging between 1,500 mspecies (F). Calculations were made according &i 8la
and 2,000 mm, with the lowest rainfall rates between Juif2008) (infestation rates); Souz4 al. (2005) (pupal
and November (National Institute of MeteorologyAiability); Aradjoet al.(2015) (parasitism ratédyadjoet
Ministry of Agriculture, Livestock and Supply - INMET/ al. (2014) (frequency of parasitoids per species).
MAPA, 2019).
Freshly fallen fruits from acerola, mango, and guavaRESUI-TS AND DISCUSSION
trees, which were not in an advanced stage of decay A total of 4,103 fruits of acerola, mango, and guava
hollow inside and/or half-eaten by birds and other animalaiere collected, corresponding to 122.3 kg, from which 7,650
were collected weeklyrhe sample size varied accordingpuparium of fruit flies were obtained, the majority from
to fruit availability in the field, as recommended by Silvesamples of guava with 4,324 puparium, followed by man-
etal (2011). go with 2,682 puparium, and acerola with 644 puparium.
After collection, the fruits were packed in trays or Two species of fruit flies were identified infesting the
plastic bags and taken to tAgricultural Entomology fruits sampled: 1,339 individuals sfhastrepha obliqua
Laboratory (LEA) at the Federal University of Para - AFP (Macquart, 1835) and 438 individualsfofastrepha striata
campudAltamira — FA. In the laboratorythe fruits were Schiner 1868.A. obliquainfested the samples of all fruit
counted, separated, and weighed. The fruits were placgukcies, with frequencies of 90.3% in mangoes, 7.7% in
in plastic containers with the bottom covered with a layercerolas and 2.1% in guavas, while striata infested
of sterilized and moistened sand, covered with voile fabriguavas and acerolas, with frequencies of 98.8% and 1.2%,
tightened with an elastic band or a holed lid, and kept inraspectively
protected and ventilated area. The speciedA. striatais an important native
The fruit samples were examined every five days tagricultural pest that occurs in thenazon region and
keep moisture and remove the puparium. The pupariumas guava as its main host (Jesus-Baetoal, 2012).
were placed in a new container with a thin layer ofhis is the first record @. striatainfesting acerola fruits
moistened sand, covered with voile fabric tightened witim the state of Para, and there is only one record of
an elastic band or a holed lid, and monitored daily fanfestation of this fruit in thémazon region, in llha de
emegence of fruit flies and/or their parasitoidgter SantanaAP, byAlmeidaet al (2016).
emergence, the insects were kept alive for 48 hours, so The specieé. obliquais predominant in thAmazon
that their morphological structures acquired a peculiaegion, since the species has a polyphagous feeding habit
color, which is important for taxonomic identification. and infest several host plants (Zucchi & Moraes, 2008).
Then, the insects were sorted by sex, counted, and stokmvever it preferentially attacks plants in the family
in 70% alcohol until species identification, asAnacardiaceae (Ferreiret al, 2003). In theAmazon
recommended de Sihat al (2011). region, this species is described as infesting 33 species of
The insects were identified at tAgriculture Insect host plants belonging to eight botanical families -
Rearing Laboratory of the National Research Institute &nacardiaceaeApocynaceae, Chrysobalanaceae,
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Combretaceae, Malpighiaceae, Myrtaceae, Oxalidacea&riety, with infestation rates of 4.1 puparium/kg.
and Sapotaceae. (Adaireeal, 2016). However they were lower than the infestation rates Raga

The average fruit-fly infestation rates in the guavat al (2011) found in a survey carried out in 67
samples were 3.3 puparium/fruit and 110.8 puparium/kgunicipalities in the state of S&o Paulo, 59 puparium/
(Table 1).The average infestation rate/kg was higher thafinuit and 283.3 puparium/kg.
those reported by other studies such as the survey carriedAcerola fruits showed the lowest infestation per fruit,
out by Santost al. (2012), in which they found infestation with mean of 0.3 puparium/fruit, which is probably due
of 99.3 puparium/kg in collections carried out in organito their smaller size @ble 3). Leiteet al (2017) report
guava crops in the municipality of Maceilagoas. infestation rate of 0.04 puparium/fruitin Nossa Senhora
Similarly, Moura & Moura (201) found infestation levels do Livramento, BA, whiléraujoet al. (2011) describe
lower than the findings of the present studgporting infestation rates of 0.01 to 0.91 puparium/fruit in
30.3 puparium/kg in samples collected in a guava orchakfiossoré, RN.
in Fortaleza, Ceara. The average PV obtained in the present study in the

The average pupal viability (PV) in the guava samplescerola samples was 21.8%Te 3), which was close to
was 63.2% (@ble 1) This result is lower than the Fidund  that observed by Lemaet al (2017) in surveys carried
by Diaset al. (2013) in a survey carried out in municipalitiesout in commercial orchards in the staté\afapé, where
along the border area of Rio Grande do Stdentinaand PV was 20%. Howeveiour results were inferior to the
Uruguay where, in guava fruits, the R} A. frateiculus  reports of other studiealmeidaet al (2016) carried out a
was 76% an€. capitatawas 85%. Howevethe result of survey in three municipalities in the stateAmiapa and
this study was higher than that reported by Saet@d found PV of 58%; Marsaro Juniet al (2011) carried out
(2012) for organic guava crops in the municipality of survey five municipalities in the state of Roraima and
Maceid Alagoas, where they foundP of 59.6%. found PV of 71%.

In this studythe PVfound for guava fruits was higher ~ The lowest PV was recorded in the samples of acerola,
than the other fruitédccording to S#&t al. (2008), a high which may indicate a low preference for this fruit by the
pupal viability is not desirable in pest managemenfnastrephapecies compared with the other fruits studied
because hosts that allow good larval performande this work. Another reason that may have influens&
contribute to the maintenance and increase of the fruit fand If is the high level of parasitism in relation to other fruit.
population; therefore, as it is a potential host for frujt fly — Of the 599 parasitoids that emerged in the collected
the guava crop should have special attention. samples, 292 were found in guavas, 205 in mangoes, and

The average rates of infestation by fruit flies in thd02 in acerolas. The species associatedAvigtriatain
mango samples were 4.8 puparium/fruit and 34.§Quava were the family Figitidaé@ganaspis pelleranoi
puparium/kg (@ble 2) These rates were higher than thgBrethes, 1924)); the family Braconidd@ofyctobracon
reports of Souset al. (2019) for mango ocfommyAtkins  areolatus (Szépligeti, 1911)0Odontosema albinerve

Table 1:Infestation rates binastephaspecies in commercial crop of gua®sidium guajavaMyrtaceae) in the municipality of
Brasil Novo, state of Para, Brazil, January to December 2018. If: Infestation per fruit; Ifk: Infestation per kilogram of fruit; PV (%):
pupal viability

Farm N° Fruits Weight (kg) Pupae Males A.striata A. obliqua If Itk PV (%)
Santa Rita 310 7.4 961 201 250 1 3.1 129 55.8
Pouslegre 598 17.5 2.366 774 783 0 4 135.4 68.8
BoaVista 336 14.7 997 323 290 9 3 68 64.9
Total 1,244 39.6 4,324 1,298 1,323 10 3.3 110.8 63.2

Table 2:Infestation rates bfnastephaspecies in commercial crop of mandtagifera indicaAnacardiaceae) in the municipality
of Brasil Novo, state of Para, Brazil, January to December 2018. If: Infestation per fruit; Ifk: Infestation per kilogram of fruit; PV
(%): pupal viability

Farm N° Fruits Weight (kg) Pupae Males  A.striata A. obliqua If Itk PV (%)
Santa Rita 237 294 810 116 0 89 3.4 27.6 26

Pousdilegre 21 3.7 67 3 0 17 3.2 17.9 30.3
BoaVista 230 30.6 1.805 339 0 330 7.8 59.1 41.3
Total 488 63.7 2,682 458 0 436 4.8 34.9 325
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Table 3: Infestation rates byAnastephaspecies in commercial crop of acerdlda(pighia emaginata, Malpighiaceae) in the
municipality of Brasil Novo, state of Para, Brazil, January to December 2018. If: Infestation per fruit; Ifk: Infestation per kilogram

of fruit; PV (%): pupal viability

Farm N° Fruits Weight (kg) Pupae Males A.striata A. obliqua If Itk PV (%)
Santa Rita 539 1.7 163 11 0 7 0.3 94.6 13.1
Pousdlegre 598 5.1 387 52 4 26 0.3 75.4 254
BoaVista 336 2.2 94 6 12 4 0.2 43.1 26.8
Total 1,473 9 644 69 16 37 0.3 71 21.8

Kieffer, 1909, Opius bellus(Gahan, 1930)Utetes

the state of Roraima and by Sowgal (2016) in three

anastephagViereck, 1913)); and the family Pteromalidaemunicipalities in the state éimapa.

(Pachycepoideus vindemmig&ondani, 1875)) @ble

The average parasitism rate in guava samples was 8%

4). The results found in this study agree with those @Table 5).The results were close to those found by k¢al
Jesus-Barrost al (2012), who found that these speciesl. (2009), who recorded levels of parasitism from 1.5 to

were associated witA. striatain surveys carried out in
five municipalities in the state dmapa and surveys
carried out by Dutrat al (2013) in the state #&imazonas.
The parasitoid speciés pelleranojD. areolatusO.
albinerve O. bellus andU. anastrepha@associated with

11.5% in surveys carried out in four municipalities in the
state of Rio de Janeiro. Furth#re results of the present
study were higher than that reported by Bittencetiat.
(2012) for surveys in garden orchards in the Southcoast
of Bahia, in which the authors observed parasitism rate of

A. obliguawere found in mango fruits. The two specied.61 in guava samples.

of parasitoid®. areolatusandU. anastrephaassociated
with A. obliquawere recorded in acerola fruitsadle 4).
These species were also found associatedAvibbliqua
in the survey carried out by Marsaro Jurabal (2011) in

The average parasitism rate in mango fruits was 4.8%
(Table 6), the lowest in relation to the other fruits studied,
a result close to that found by Marinébal (2009). The
factors that can initially interfere in parasitism are the
volatiles of infested fruits (Eitart al, 2003), the removal

Table 4: Tritrophic relationships observed between species &f fruits from the field to the IaborathyL_Jt_achf':lracter?stic
parasitoids, fruit flies and host fruits collected in three propertidggat can directly affect the parasitism index is the
in the municipality of Brasil Novo, state of Para, Brazil, Januarymorphology of the fruit because in smaller fruits with

December /2018

Fruit Fly Fruit
Anastrepha striata Guava

Species parasitoids

Doryctobracon areolatus
Aganaspis pelleranoi

Utetes anastrephae
Pachycrepoideus vindemmiae
Odontosema albinerve
Opius bellus

Anastrepha obliqua Mango Doryctobracon areolatus
Utetes anastrephae
Odontosema albinerve
Aganaspis pelleranoi

Opius bellus

Acerola Doryctobracon areolatus

Utetes anastrephae

shallow pulp the indexes are higher in relation to large
fruits (Hickel, 2002).

The average parasitism rate in acerola was 15. 28T
7), which was higher than the rates recorded in the other
fruit species sampled, probably due to the small size of
the fruit.According to Nascimentet al (2015), parasitism
is influenced by the physical characteristics of the fruit,
with the highest rates occurring in small-sized fruits as in
the case oSpondias mombih.

In general, parasitism rates are |bwt varies according
to location and host species in the area (Carvaitat,
2010), therefore, the selection of plant hosts with high
rates of parasitism should be considered for planting in
fruit growing areas, aiming to increase natural parasitism
of fruit flies (Silvaet al, 2013).

Table 5:Parasitism indexes éinastephaspecies in guava fruiBsidium guajavdMyrtaceae) in three properties in the municipality
of Brasil Novo, state of Para, Brazil, January to December 2018

Farm N° Pupae N° Parasitoids Parasitism (%)
Santa Rita 961 151 15.7
Pouslegre 2,366 103 4.4
BoaVista 997 38 3.8
Total 4,324 292 8
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Table 6: Parasitism indexes @nastephaspecies in mango fruitslangifera indica(Anacardiaceae) in three properties in the
municipality of Brasil Novo, state of Para, Brazil, January to December 2018

Farm N° Pupae N° Parasitoids Parasitism (%)
Santa Rita 810 23 2.8
Pouslegre 67 1 15
BoaVista 1,805 181 10
Total 2,682 205 4.8

Table 7:Parasitism indexes éinastephaspecies in acerola fruiddalpighia emaginata(Malpighiaceae) in three properties in the
municipality of Brasil Novo, state of Para, Brazil, January to December 2018

Farm N° Pupae N° Parasitoids Parasitism (%)
Santa Rita 163 26 16
Pouslegre 387 64 16.5
BoaVista 94 12 12.8
Total 644 102 15.1

Table 8:Frequency of parasitoids (%) in guava, mango and acerola fruits collected in three properties in the municipality of Brasil
Novo, state of Parda, Brazil, January-December / 2018

Frequency of parasitoids (%)

Farm
Fruit Species - - Total
Santa Rita PousoAlegre Boa Vista

Guava Doryctobracon areolatus 27.2 76.7 68.4 57.4
Aganaspis pelleranoi 66.2 194 18.4 34.7
Utetes anastrephae - 1.9 10.5 4.2
Odontosema albinerve 2.0 1.9 2.6 2.2
Pachycrepoideus vindemmiae 4.0 - - 1.3
Opius bellus 0.7 - - 0.2

Mango Doryctobracon areolatus 95.7 - 79.6 58.4
Aganaspis pelleranoi - 100 11.6 37.2
Utetes anastrephae 4.3 - 6.1 3.5
Odontosema albinerve - - 2.2 0.7
Opius bellus - - 0.6 0.2

Acerola Doryctobracon areolatus 42.3 73.4 66.7 60.8
Aganaspis pelleranoi 34.6 3.1 16.7 18.1
Utetes anastrephae 115 20.3 16.7 16.2
Pachycrepoideus vindemmiae 7.7 - - 2.6
Opius bellus 3.8 3.1 - 2.3

Among the parasitoids observeD, areolatus CONCLUSIONS
presented the highest frequency in all the fruits studied
varying between 57.4 to 60.8%, followedAwpelleranoi  yhe collected fruit samples, obliquain fruits of mango

varying from 18.1 to 58.4%, andl anastrephagvarying (90.3%), acerola (7.7%) and guava (2.1%), Anstriata
from 3.5 t0 16.2% (dble 8). Several surveys conducted i, guava (98.8%) and acerola (1.2%).

Brazil showed thaD. areolatusis the most frequent ) .
species in collections of fruit flies, which is due to the size CUava was the most susceptible crop to fruit fly
of its ovipositor and egg-laying performance at differerfiféStation among the three fruit species studied.
stages from immature eggs to third-instar larvae (Mari- This is the first record oA. striatainfesting acerola
nhoet al, 2011; Nunest al.,2011). (Malpighia emarginats fruits in the state of Par4 and

' Two species oAnastephawere identified infesting
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second record in Brazil, adding to the existing list of hostitam A, Holler T, Sivinski J &Aluja M (2003) Use of host fruit
of this insect pest chemical cues for laboratory rearing Dbryctobracon areolatus

(Hymenoptera: Braconidae), a parasitoidArfastrephaspp.
Doryctobracon areolatusvas the most frequent (Diptera: Tephritidae). Florida Entomologist, 86:2-212.

parasitoid species in all samples of the fruits collectederreira HJ,Veloso VRS, Naves R & Braga Filho JR (2003)

providing important information for the management of Infestacdo de moscas-das-frutas em variedades de manga

fruit flies (Mangifera indical.) no Estado de Goias. Pesquiggropecuaria

’ Tropical (UFG), 33:43-48.
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