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Abstract. Anastrepha obliqua (Macquart, 1835) (Diptera: Tephritidae) is a species of fruit fly that occurs in the Neotropical region and is associated
with 78 host plants. In Brazil, the species is one of the most economically important pests for fruit growers, especially in mango cultivation in
the northeast region. Evaluating the oviposition behavior of polyphagous species such as fruit flies contributes to a better understanding of their
fruit choice and infestation patterns and provides a basis for developing pest management techniques. In this study, we evaluated the changes in
oviposition behavior of A. obliqua at different times of day and fruit fly ages with the highest oviposition activity. In addition, we tested whether
A. obliqua exhibits any preference for Tommy Atkins and/or Palmer mango varieties. Our results showed higher oviposition activity in the morning

and at the ages of 15-16 and 17-18 days. We also observed a preference among females to lay eggs on Tommy mangoes over Palmer ones.
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The fruit fly Anastrepha obligua (Macquart, 1835) (Diptera:
Tephritidae) has a Neotropical origin, with a range extending from
Mexico to South America (Fu et al. 2014). This species is associated
with 78 hosts (Norrbom 2022) and has a preference for fruits of the
family Anacardiaceae, such as Spondias spp. and mango (Mangifera
indica L.) (Weems et al. 2012; Hernandez et al. 2019; Oliveira et al.
2022). Itis considered the most significant pest of mango crops in South
America (Weems et al. 2012; Zucchi et al. 2023). In Brazil, A. obliqua is
widely distributed and is associated with 70 hosts (Zucchi & Moraes
2023), with its most significant impact observed in the northeast (Haji
et al. 2005), where the mango production is concentrated (Gazzola et
al. 2020).

Mangoes are originally from India and are currently produced
on several continents (Yadav & Singh 2017), with major areas under
cultivation in Brazil and Mexico, where exports grew rapidly between
2008 and 2018 (Gazzola et al. 2020). In Brazil, the mango-growing hub
of the San Francisco River Valley is located mainly in the northeast
region, in the states of Bahia and Pernambuco. San Francisco Valley is
responsible for the country's most significant production and export of
mangoes, exporting 272,500 tons in 2021 (Abrafrutas 2022). The main
cultivar in San Francisco Valley is Tommy Atkins, which accounts for
more than 70% of the region's production, followed by the cultivars
Haden, Palmer, and Keitt (Pinto et al. 2004).

The distribution of fruit flies — as well as their host selection
and the success of larval development — is directly related to host
availability and intrinsic characteristics (Joachim-Bravo et al. 2001;
Copeland et al. 2006), such as the fruit fly species, fruit species, type of
cultivar, maturation stage, volatile compounds, and chemical defenses
(Cunningham et al. 2016; Lépez-Ley et al. 2016; Herndndez et al. 2019;
Guillén et al. 2022; Louzeiro et al. 2022). Therefore, evaluating the
oviposition behavior of polyphagous pests like fruit flies contributes to
a better understanding of their patterns of fruit choice and infestation
and provides the basis for developing pest management techniques
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(Roitberg 2007).

We aimed to evaluate the oviposition behavior of A. obliqua,
focusing on age and preferred time of day for oviposition and their
preference between two varieties of M. indica (Tommy Atkins and
Palmer).

The experiments were carried out with specimens of A. obliqua (F >
30) from the colony maintained at the Laboratory of Insect Behavioral
Ecology, Federal University of Bahia. Adults were kept in plastic cages
(15 x 11 x 9 cm) under controlled conditions (temperature = 25 + 1 °C;
humidity = 80 + 10%; photoperiod = 12h). A diet contained hydrolyzed
protein and sugar (1:3) (Silva-Neto et al. 2012) and water were offered
ad libitum. To maintain the cycle of these insects, mango fruits (M.
indica var. Tommy Atkins and Palmer) were offered to sexually mature
females (+ 15 days old) for 48 h. The infested fruits were placed in
plastic trays containing vermiculite and periodically monitored until
larvae were no longer detected. The puparia were then placed in
acrylic pots containing moistened vermiculite in a dark environment
until the adults emerged.

The oviposition experiments were carried out in screened cages
(49 x 45 x 49 cm). The females were separated into three groups (with
10 females each) according to their age (13-14 days; 15-16 days; 17-
18 days). The flies from each group were released in the morning (8
am) into a screened cage containing 10 grapes (Vitis sp., Italia variety)
as a substrate for oviposition. The fruits were offered to females
from 8 am to 12 pm. The grapes were removed and a new set of 10
grapes was offered from 1 to 5 pm. Ten replicates were performed for
each age group. The data from this experiment were analyzed using
a Generalized Linear Model with a Poisson distribution, considering
age (13-14 days; 15-16 days; 17-18 days) and time of day (morning
and afternoon) as fixed factors and the number of eggs as a response
variable. The significance of the model was checked using the Type Il
Wald Chi-squares or F-test (a = 0.05).

To compare the oviposition preference of A. obliqua between
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the two commercial mango varieties (Tommy Atkins and Palmer), 10
15-day-old females (sexually mature and mated) were released into a
screened cage (49 x 45 x 49 cm) containing one fruit of each mango
variety. The fruits of both varieties, obtained in local supermarkets,
were used in the green stage of ripeness (peel predominantly green),
the most accepted stage for oviposition by females in our preliminary
experiments. The experiments took place between the hours of 8 am
and 12 pm. Ten replicates were performed, and the data were analyzed
using the same model described in the prior experiment, considering
mango variety as a fixed factor and the number of eggs as the response
variable.

Our results showed oviposition was greater in the morning than
the afternoon (F = 30.03, df = 1, p < 0.0001) (Fig. 1A). Furthermore, we
observed significant difference in the number of eggs laid by females
at different ages (F = 24.35, df = 2, p < 0.0001), with a higher number
of eggs observed in the age ranges of 15-16 and 17-18 days (Fig. 1B).
No significant interaction was observed between age and period of day
(F=1.40, df = 2, p = 0.25). Finally, females of A. obliqua laid more eggs
on Tommy Atkins than on Palmer mangoes (F = 14.92, df =1, p = 0.001)
(Fig. 2).

In our experiments, A. obliqua showed a preference for oviposition
in the morning (8-12 am). According to Flitters (1964); Raghu et al.
(2002) and Raghu et al. (2004), there is a positive influence of light
intensity/time of day on the number of fruit flies on the host, especially
females, which seems to be consistent with the behavior observed
in the present study. However, the oviposition patterns differ by
species. A laboratory experiment showed that light incidence strongly
influences the oviposition activity of the Mexican fruit fly Anastrepha
ludens (Loew, 1862) (Diptera: Tephritidae) (Filtters 1964). In addition to
our results, Guillen et al. (2022) demonstrated that although A. obliqua
presents a diurnal oviposition behavior, it prefers to oviposit in shaded
fruits.
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Figure 1. Oviposition activity of A. obliqua at different day periods and ages. (A)
Mean (£SE) number of eggs laid in the morning (8-12h) vs. afternoon (13-17h).
(B) Mean (SE) of eggs laid by females of three different ages: 13-14, 15-16, and
17-18 days. Data represent the means of 10 replicates from each experiment.
GLMs evidenced significant differences between the two-day periods tested (F
=30.03, df = 1, p < 0.0001) as well as between the ages tested (F = 24.35, df =
2, p <0.0001).
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Figure 2. Oviposition preference of A. obliqua between two mango varieties
(Tommy Atkins and Palmer). Data represent the means (+SD) of 10 replicates.
GLM evidenced a higher number of eggs laid on the Tommy Atkins variety in

relation to Palmer (F = 14.92, df = 1, p = 0.001).

Among the evaluated ages, the peak of oviposition of A. obliqua
occurred at ages of 15-16 and 17-18 days. Our data agree with the
findings of Joachim-Bravo et al. (2003) and Silva et al. (2020) for A.
obliqua. Both studies recorded peak oviposition for A. obliqua at 18
days. Oviposition peaks at similar ages have also been observed in
other tephritid species, such as Anastrepha fraterculus (Wiedemann,
1830), Anastrepha zenildae Zucchi, 1979, and Anastrepha sororcula
Zucchi, 1979 (Diptera: Tephritidae) (Joachim-Bravo et al. 2003). For the
Mediterranean fruit fly C. capitata, the oviposition peak occurs at 15
days (Silva et al. 2020).

When both mango varieties were simultaneously offered to
females, we found that A. obliqua prefers to lay eggs in the Tommy
Atkins than Palmer mangoes. Rossetto et al. (2006), Rossetto et al.
(2009) and Aluja et al. (2014) suggested that var. Tommy Atkins is
susceptible to A. fraterculus, A. ludens, A. obliqua, and C. capitata.
Although var. Palmer is a host of A. obliqua (Rossetto et al. 2009), this
cultivar is considered tolerant to the pest's attacks and it appears to be
unfavorable for immature development (Aluja et al. 2014), with low
levels of infestation compared to other cultivars (Rossetto et al. 2009).
Our data corroborate the reported infestation data, indicating that
A. obliqua females can recognize and choose suitable hosts for their
offspring despite being polyphagous.

These results also suggest that A. obliqua has a morning oviposition
behavior and a preference for var. Tommy Atkins compared to var.
Palmer. The data presented here provide a better understanding of
the species' behavior and preference for commercial hosts, providing
additional information that can be used to develop and improve rearing
and integrated pest management techniques.

Acknowledgments

We would like to thank the Centro Tecnolégico Agropecuario do
Estado da Bahia (CETAB) for infrastructure support. We also thank the
reviewers for contributing to the article's final version.

Funding Information

Fundagdo de Amparo a Pesquisa do Estado da Bahia (FAPESB)
(Term of Grant: TSC0019/2014).

Authors' Contributions

ISJ conceived the project and designed the experiments. BSM and
CPO performed the experiments and collected the data. FLG and ASA
analyzed the data and wrote the first version of the manuscript. All
authors read and contributed to the final version of the manuscript.

Conflict of Interest Statement

The authors declare no conflict of interest.

References

Abrafrutas (2022) Associagdo Brasileira dos Produtores Exportadores
de Frutas e Derivados. Brasil. https://abrafrutas.org

Aluja, M.; Arredondo, J.; Diaz-Fleischer, F.; Birke, A.; Rull, J.; Niogret,
J.; Epsky, N. (2014) Susceptibility of 15 mango (Sapindales:
Anacardiaceae) cultivars to the attack by Anastrepha ludens
and Anastrepha obliqua (Diptera: Tephritidae) and the role of
underdeveloped fruit as pest reservoirs: Management implications.
Journal of Economic Entomology, 107(1): 375-388. doi: 10.1603/
EC13045

Copeland, R. S.; Wharton, R. A.; Luke, Q.; Meyer, M.; Lux, S.; Zenz, N.;
Machera, P.; Okumu, M. (2006) Geographic distribution, host fruit,
and parasitoids of African fruit fly pests Ceratitis anonae, Ceratitis
cosyra, Ceratitis fasciventris, and Ceratitis rosa (Diptera: Tephritidae)
inKenya. Annals of the Entomological Society of America, 99(2): 261-


https://abrafrutas.org
https://doi.org/10.1603/EC13045
https://doi.org/10.1603/EC13045

8

Galvdo-Silva et al. 2023

278. doi: 10.1603/0013-8746(2006)099[0261:GDHFAP]2.0.CO;2

Cunningham, J. P;; Carlsson, M. A,; Villa, T. F.; Dekker, T.; Clarke, A. R.
(2016) Do fruit ripening volatiles enable resource specialism in
polyphagous fruit flies? Journal of Chemical Ecology, 42(9): 931-
940. doi: 10.1007/s10886-016-0752-5

Flitters, N. E. (1964) The effect of photoperiod, light intensity, and
temperature on copulation, oviposition, and fertility of the
Mexican fruit fly. Journal of Economic Entomology, 57(6): 811-813.
doi: 10.1093/jee/57.6.811

Fu, L.; Li, Z. H.; Huang, G. S.; Wu, X. X.; Ni, W. L.; Qii, W. W. (2014) The
current and future potential geographic range of West Indian fruit
fly, Anastrepha obliqua (Diptera: Tephritidae). Insect science, 21(2):
234-244. doi: 10.1111/1744-7917.12018

Gazzola, R.; Griindling, R. D. P.; Aragdo, A. A. (2020) Produgdo e mercado
internacional de manga. Revista Brasileira de Agrotecnologia,
10(3): 81-87. doi: 10.18378/rebagro.v10i3.8566

Guillén, L.; Monribot-Villanueva, J. L.; Guerrero-Analco, J. A.; Ortega,
R.; Altazar-Molina, A.; Mena, V.; Ruiz-May, E.; Aluja, M. (2022)
Influence of Sunlight Incidence and Fruit Chemical Features
on Oviposition Site Selection in Mango by Anastrepha obliqua:
Implications for Management. Insects, 13(2): 141. doi: 10.3390/
insects13020141

Haji, F. N. P.; Paranhos, B. A. J.; Miranda, I. D. G.; Barbosa, F. R.; Souza,
A. M. (2005) Monitoramento de moscas-das-frutas no Submédio
do Vale do Sdo Francisco. In: Menezes, E. A.; Barbosa, F. R. (Eds.),
Pragas da mangueira: monitoramento, nivel de agéo e controle, pp.
85-96. Petrolina: Embrapa Semi-Arido.

Hernandez, E.; Ruiz-Montoya, L.; Toledo, J.; Montoya, P.; Liedo,
P.; Aceituno-Medina, M.; Perales, H. (2019) A comparison of
sexual competitiveness and demographic traits of Anastrepha
obliqua (Macquart) (Diptera: Tephritidae) among fruit-associated
populations. Bulletin of Entomological Research, 109(3): 333-341.
doi: 10.1017/5S0007485318000573

Joachim-Bravo, I.S.; Fernandes, O. A.; Bortoli, S. A.; Zucoloto, F. S. (2001)
Oviposition behavior of Ceratitis capitata Wiedemann (Diptera:
Tephritidae): association between oviposition preference and
larval performance in individual females. Neotropical Entomology,
30(4): 559-564. doi: 10.1590/51519-566X2001000400008

Joachim-Bravo, I. S.; Magalhaes, T. C.; Silva Neto, A. M.; Guimaraes, A.
N.; Nascimento, A. S. (2003) Longevity and fecundity of four species
of Anastrepha (Diptera: Tephritidae). Neotropical Entomology,
32(4): 543-549. doi: 10.1590/51519-566X2003000400003

Lopez-Ley, J. U.; Toledo, J.; Malo, E. A.; Gomez, J.; Santiesteban, A.;
Rojas, J. C. (2016) Carambola cultivar, fruit ripeness, and damage
by conspecific larvae influence the host-related behaviors of
Anastrepha obliqua (Diptera: Tephritidae). Journal of Economic
Entomology, 109(1): 154-160. doi: 10.1093/jee/tov280

Louzeiro, L. R. F; Souza-Filho, M. F.; Raga, A.; Silva, S. B. (2022)
Oviposition performance of tephritid polyphagous Anastrepha
fraterculus and Ceratitis capitata during three periods of
exposure to fruit. Brazilian Journal of Biology, 82: e266065. doi:
10.1590/1519-6984.266065

Norrbom, A. (2022) Anastrepha obliqua (West
fly), CABI Compendium. CABI International.
cabicompendium.5659

Oliveira, J. G.; Bezerra-Silva, G. C.; Junior, P. L. S.; Luz, D. S.; Lopes, G.
N.; Silva, M. A. (2022) Artifices of Anastrepha obliqua (Macquart,
1835) (Diptera: Tephritidae) for survival in umbu, endemic fruit
from Brazil. Entomological Communications, 4: ec04024. doi:
10.37486/2675-1305.ec04024

Pinto, A. D. Q.; Andrade, S. R. M.; Amaro, A. A.; Gomes, U. (2004) Mango
industry in Brazil. Acta Horticulture, 645: 37-50. doi: 10.17660/
ActaHortic.2004.645.1

Raghu, S.; Clarke, A. R.; Bradley, J. (2002) Microbial mediation of fruit
fly-host plant interactions: is the host plant the “centre of activity”?
Oikos, 97(3): 319-328. doi: 10.1034/j.1600-0706.2002.970302.x

Raghu, S.; Drew, R. A.; Clarke, A. R. (2004) Influence of host plant
structure and microclimate on the abundance and behavior of
a tephritid fly. Journal of Insect Behavior, 17(2): 179-190. doi:

Indian  fruit
doi: 10.1079/

10.1023/B:JOIR.0000028568.90719.2a

Roitberg, B. D. (2007) Why pest management needs behavioral
ecology and vice versa. Entomological Research, 37(1): 14-18. doi:
10.1111/j.1748-5967.2007.00045.x

Rossetto, C. J.; Bortoletto, N.; Carvalho, C. R. L.; Castro, J. V.; Walder,
J. M. M.; Nogueira, N. L.; Arthur, V.; Lopes, L. A. (2009) Mango
resistance to fruit flies. | Varietal selection and mechanisms of
resistance. Acta Horticulturae, 820: 575-580. doi: 10.17660/
ActaHortic.2009.820.73

Rossetto, C. J.; Carvalho, R. L.; Walder, J. M. M. (2006) Mango resistance
to fruit fly: method of evaluation, resistant cultivars and resistance
factors. Acta Horticulture, 1183: 251-254. doi: 10.17660/
ActaHortic.2017.1183.36

Silva-Neto, A. M.; Dias, V.S.; Joachim-Bravo, I. S. (2012) Comportamento
reprodutivo de Ceratitis capitata Wiedemann (Diptera: Tephritidae):
Efeito do tamanho dos machos sobre o seu sucesso de cépula.
EntomoBrasilis, 5(3): 190-197. doi: 10.12741/ebrasilis.v5i3.182

Silva, D. R. D. B.; Roriz, A. K. P.; Petitinga, C. S. C. D. A.; Lima, I. V. G.;
do Nascimento, A. S.; Joachim-Bravo, I. S. (2020) Competitive
interactions and partial displacement of Anastrepha obliqua by
Ceratitis capitata in the occupation of host mangoes (Mangifera
indica). Agricultural and Forest Entomology, 23(1), 70-78. doi:
10.1111/afe.12406

Weems, H. V.; Heppner, J. B.; Steck, G. J.; Fasulo, T. R. (2012) West
Indian Fruit Fly, Anastrepha obliqua (Macquart) (Insecta: Diptera:
Tephritidae): EENY198/IN355, rev. 6/2012. EDIS, 2012(4).

Yadav, D.; Singh, S. P. (2017) Mango: History origin and distribution.
Journal of Pharmacognosy and Phytochemistry, 6(6): 1257-1262.

Zucchi, R. A.; Malavasi, A.; Adaime, R; Nava, D. E. (2023) Moscas-das-
frutas no Brasil: Conhecimento bdsico e aplicado, vol. 1. Piracicaba:
Fealq.

Zucchi, R. A.; Moraes, R. C. B. (2023) Fruit flies in Brazil: Anastrepha
species, their host plants and parasitoids. http://www.lea.esalq.
usp.br/anastrepha. Access on: 21.i.2023.


https://doi.org/10.1603/0013-8746(2006)099%5b0261:GDHFAP%5d2.0.CO;2
https://doi.org/10.1007/s10886-016-0752-5
https://doi.org/10.1093/jee/57.6.811
https://doi.org/10.1111/1744-7917.12018
https://doi.org/10.18378/REBAGRO.V10I3.8566
https://doi.org/10.3390/insects13020141
https://doi.org/10.3390/insects13020141
https://doi.org/10.1017/S0007485318000573
https://doi.org/10.1590/S1519-566X2001000400008
https://doi.org/10.1590/S1519-566X2003000400003
https://doi.org/10.1093/jee/tov280
https://doi.org/10.1590/1519-6984.266065
https://doi.org/10.1079/cabicompendium.5659
https://doi.org/10.1079/cabicompendium.5659
https://doi.org/10.37486/2675-1305.ec04024
https://doi.org/10.17660/ActaHortic.2004.645.1
https://doi.org/10.17660/ActaHortic.2004.645.1
https://doi.org/10.1034/j.1600-0706.2002.970302.x
https://doi.org/10.1023/B:JOIR.0000028568.90719.2a
https://doi.org/10.1111/j.1748-5967.2007.00045.x
https://doi.org/10.17660/ActaHortic.2009.820.73
https://doi.org/10.17660/ActaHortic.2009.820.73
https://doi.org/10.17660/ActaHortic.2017.1183.36
https://doi.org/10.17660/ActaHortic.2017.1183.36
file:///F:/AntSoft/clientes/seb/entcomm/Editoracao/v5_2023/originais/10.12741/ebrasilis.v5i3.182
https://doi.org/10.1111/afe.12406
http://www.lea.esalq.usp.br/anastrepha
http://www.lea.esalq.usp.br/anastrepha

