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larvae by Marava arachidis (Dermaptera: Labiidae) using
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Abstract

Anthonomus grandis grandis (Coleoptera: Curculionidae) is a pest with a large potential for destruction in cotton
crops, causing damage to the cotton reproductive structures. The earwig Marava arachidis (Dermaptera: Labiidae),
is an important reference as a predator in several crops and being easy to rear in the laboratory. To analyze the
potential biocontrol of M. arachidis of A. grandis grandis larvae, a study of predatory capacity was conducted using
a functional response model. A. grandis grandis larvae were exposed to the predator at densities 1, 2, 4, 6, and 8
larvae (= prey/predator / Petri dish), with 30 replications at each density. Contact between the predator and the
prey occurred for 24 hours; after this period, the level of predation of M. arachidis was assessed based on the
proportion of preyed larvae. The linear logistic regression coefficient was used with a beta-binomial generalized
linear model to determine the functional response. The negative signal of the linear coefficient and the goodness-
of-fit tests revealed a quadratic or type II functional response, with the number of prey varying from 1.00 larva
(density of 1 larva/predator) to 6.50 larvae (density of 8 larvae/predator). Therefore, the results of the present
study demonstrate a high predatory capacity of M. arachidis on A. grandis grandis larvae.
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Resumo

Anthonomus grandis grandis (Coleoptera: Curculionidae) é uma praga com grande potencial de destruicdo nas
lavouras de algodao, causando danos as estruturas reprodutivas do algodoeiro. A tesourinha Marava arachidis
(Dermaptera: Labiidae), € uma importante referéncia como predador em diversas culturas agricolas, além de ser
de facil criacdo em laboratério. Com o objetivo de analisar o potencial biocontrole de larvas de A. grandis grandis
por M. arachidis, foi realizado um estudo de capacidade predatéria utilizando um modelo de resposta funcional.
Larvas de A. grandis grandis foram expostas ao predador nas densidades: 1,2, 4, 6 e 8 larvas (= presa/predador/placa
de Petri), com 30 repeti¢des em cada densidade. O contato entre o predador e a presa ocorreu durante 24 horas;
apos esse periodo, o nivel de predacdo de M. arachidis foi avaliado com base na propor¢do de larvas predadas.
O coeficiente de regressao logistica linear foi utilizado com um modelo linear generalizado beta-binomial para
determinar a resposta funcional. O sinal negativo do coeficiente linear e os testes de ajuste revelaram uma resposta
funcional quadratica ou tipo II, com o niimero de presas variando de 1,00 larva (densidade de 1 larva/predador)
a 6,50 larvas (densidade de 8 larvas/predador). Portanto, os resultados do presente estudo demonstram uma alta
capacidade predatéria de M. arachidis sobre larvas de A. grandis grandis.

Palavras-chave: tesourinha, bicudo do algodoeiro, controle biolégico.

1. Introduction

The cotton boll weevil, Anthonomus grandis grandis  harvest, feeding on fibers and seeds, causing injuries to the
(Coleoptera: Curculionidae) is one of the most important ~ plant’s floral buds, causing the plant’s reproductive organ
pests in cotton today, as it is a pest with great potential for ~ to become infertile and fall to the ground (Faustino et al.,
destruction, infesting crops from the reproductive phaseto ~ 2023; Silva et al., 2023). Studies show that the boll weevil

*e-mail: malaquias.josebruno@gmail.com
Received: January 18, 2024 - Accepted: July 8, 2024

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
BY distribution, and reproduction in any medium, provided the original work is properly cited.

Brazilian Journal of Biology, 2024, vol. 84, 282251 | https://doi.org/10.1590/1519-6984.282251 1/5


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0001-8174-7952
https://orcid.org/0000-0001-5045-2513
https://orcid.org/0000-0002-5562-0122
https://orcid.org/0000-0002-8755-7092
https://orcid.org/0000-0002-3439-6598
https://orcid.org/0000-0001-7393-8006
https://orcid.org/0000-0001-8860-8085
https://orcid.org/0000-0002-0195-0986
https://orcid.org/0009-0003-8347-3443
https://orcid.org/0009-0007-3261-9464
https://orcid.org/0009-0000-8266-7148
https://orcid.org/0000-0003-2148-1424
https://orcid.org/0000-0002-9655-394X
https://orcid.org/0000-0001-7921-7816
https://orcid.org/0000-0003-3937-9575

Silva Neto, ].G. et al.

has a lower mortality rate than other cotton pests due to
natural enemies (Ramalho and Malaquias, 2015). This
reinforces the need to explore new biological measures
to control this important pest in cotton farming.

Biological control is one of the sustainable agriculture
strategies that has become increasingly important in terms
of pest management on a sustainable basis (Abbas et al.,
2022). It is generally used with other control methods,
such as chemicals, and aims to use natural enemies, such
as predators, parasitoids, or entomopathogens, to control
specific crop pests (Abbas et al., 2022). Among biocontrol
agents, dermapterans have attracted attention due to
their voracity in predation and diverse feeding capacity,
particularly eggs and immature stages of insects that
permeate the orders Lepidoptera, Hymenoptera, Diptera,
and Coleoptera (Souza et al., 2019). Marava arachidis (Yersin)
(Dermaptera: Labiidae) has been an important reference as a
dermapteran predator in several crops (Ferreira et al., 2022).
In addition to its predatory potential, M. arachidis is easy
to rear in the laboratory with high reproductive capacity,
generating many specimens for release in the field, further
reinforcing its potential as a biological controller in the face
of integrated pest management (Aboelhadid et al., 2022).

In order to use a biological control agent in a production
system, several aspects must be investigated, one of the
most important being the functional response. This can
provide information about the predatory capacity that a
natural enemy has, which is classified into three types
(Malaquias et al., 2014). For example, in a predator that
presents a type I functional response, its attack rate is
constant and does not depend on the density of prey;
in type II, the attack rate declines gradually, having an
inverse correlation with the density of prey and the type
Il the attack rate increases with increasing density and
the decrease is gradual thereafter (Malaquias et al., 2015).

These types are classified according to the general
characteristics of predatory behavior, such as attack rate
and handling time the predator takes to attack, kill, and
consume the prey (Nunes et al., 2019). Given the presented
context, this study aimed to analyze the predatory capacity
of M. arachidis, through a functional response model, in
which different methods of estimating parameters were
used, using 3rd instar larvae of A. grandis grandis as prey.
The study tested the following hypothesis: There will be a
quadratic functional response, that is, type II, in M. arachidis
in cotton boll weevil larvae. The functional response
parameters were estimated by four methods, Method
I: Gauss-Newton Algorithm; Method II: Bias corrected
and accelerated intervals; Method III: Studentized; and
Method IV: Percentile.

2. Material and Methods

The research was conducted at the Entomology
Laboratory (LEN) at the Federal University of Paraiba
(UFPB), Campus II, Areia, Paraiba, Brazil. The experiment
was carried out using specimens of M. arachidis from the
rearing colony maintained at the Invertebrate Zoology
Laboratory (Campus II), as well as the use of A. grandis
grandis larvae from the Embrapa Algodao rearing colony
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Predators were reared with an artificial diet (Lemos et al.
2003), which was changed every 2 d.

The predatory capacity of M. arachidis was evaluated
using the functional response model. For this, 2" instar
larvae of A. grandis grandis were exposed to the female
of the predator (< 2 days old). The newly emerged M.
arachidis female adults were fasted for 24 h and were
then individually transferred to Petri dish at the following
densities: 1, 2,4, 6, and 8 larvae (preyed by a predator) per
90x15mm Petri dish, with 30 replications at each density.
Contact between the predator and the prey occurred for
24 hours; after this period, the level of predation of M.
arachidis was assessed based on the proportion of preyed
larvae. The arenas were maintained in a room climate-
controlled at 26 +1 °C, 70 + 10% RH and a 12-h photophase.
The linear logistic regression coefficient was used with a
beta binomial generalized linear model to determine the
functional response. Using non-linear regression (Holling,
1959), it was possible to determine the parameters such as
attack rate (a), which corresponds to the type Il functional
response (Equation 1), and the constant (b), when the
response is type III (Equation 2), and the handling time
(T,), being adopted for both cases (type II and type III).
For the type Il model, the following equation was used:

Ne=aNT /(1+aNTy) (1)

where, Ne is the number of preyed larvae; N is the number
of larvae offered; a is the attack rate; T is the total time
available for the predator to feed on the prey; and T, is
the handling time. In certain cases, the attack rate can
increase linearly (a=bN), with b being a constant, which
results in a type III functional response model:

Ne =bN2T/(1+bN2Th) )

The parameters, attack rate (a), and handling time (T,)
were estimated through a non-linear regression, and the
coefficient of determination (R?) was calculated as the
uncorrelated sum of squares. The parameters were estimated
by four methods, Method I: Gauss-Newton Algorithm, with
the non-linear least squares method (weighted) using the
mentioned non-linear model. The nls function from the R
base was used (R Core Team, 2023 ). Despite being a bootstrap
model (with ‘automatic initial values’), the value 0.99 was
used initially for the parameter a (attack rate). To facilitate
model convergence, the following format was adopted to
estimate handling time: 2*log (2)/initial value of a; Method
1I: Bias Corrected and accelerated intervals - BCa method - to
account for bias, skew, and bounded parameters (aand h > 0);
Method III: Studentized; and Method IV: Percentile. Parameter
estimates by methods II, I1I, and IV were conducted using the
frair_fit function from the frair package (Pritchard et al., 2017).

3. Results

The average number of insects preyed ranged from
1 larva (with a capture efficiency of 1.0) at a density of
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1.00 larva/predator to 6.50 larvae (capture efficiency of
0.8125) at 8 larvae/predator. Therefore, the predatory
capacity of M. arachidis is considered satisfactory, as the
daily predation rate can exceed 6.00 larvae of A. grandis
grandis per day (Table 1).

The negative signal of the linear coefficient of the
logistic regression reveals a quadratic or type Il functional
response for the average number of A. grandis grandis larvae
predated by M. arachidis, during a 24-hour period (Table 2).

The values of parameters a and Th are presented
in Table 1, confirming the type II functional response.
The attack rate (a) of the predator estimated by the least
squares method using the Gauss-Newton algorithm at
0.0374 (95% CI= 0.0290 - 0.0457). The prey handling
time for the female M. arachidis (T,) was estimated at
0.3794 h (95% CI = 0.0793 - 0.6794 h), that is, a time of
22.20 minutes, with intervals of asymmetric confidence
ranging from 4.75 to 40.76 minutes (Table 3).

Table 1. Results of the polynomial logistic regression analysis
of the proportion of third-instar larvae of Anthonomus grandis
grandis (Coleoptera: Curculionidae) predated by Marava arachidis
(Dermaptera: Labiidae).

Coefficients Estimate SE
Intercept 2.05 +1.64
Linear -8.63 +6.92
Quadratic 5.38 +4.32
Cubic -1.96 +1.57

SE = Standard error.

Table 2. Average number of Anthonomus grandis grandis (Coleoptera:
Curculionidae) larvae predated by Marava arachidis (Dermaptera:
Labiidae), during a 24-hour period.

Density Na SE E
1 1.00 +0.00 1.00
2 2.00 +0.00 1.00
4 1.80 +0.58 0.45
6 4.00 +0.57 0.67
8 6.50 +1.50 0.81
m 3.06 +0.53 -

Density = preys offered; Na = preys consumed; SE = Standard error; E =
Search efficiency.

Biological control of boll weevil by Marava arachidis

Comparing the methods adopted to estimate the
functional response parameters, it was noticed that the
Percentile and BCa methods estimated the attack rate
and handling time with high variability - according
to confidence interval values. On the other hand, the
confidence intervals predicted by the Studentized
method were narrower. This method would be one of
the most recommended due to both the lower variability
concerning the Percentile and BCa methods and the
asymptotic format represented by the predation predicted
by this model (Figure 1), a fact not found in the curve
predicted when the Gaussian algorithm was adopted-
Newton (Figure 1).

4. Discussion

The predatory capacity of M. arachidis is considered
satisfactory, as the daily predation rate can exceed
6.00 larvae of A. grandis grandis per day. This indicates that
M. arachidis has great potential to be used as a biocontrol
agent for this boll weevil larvae. The type II functional
response indicates that the number of ingested prey
increases with increasing density until saturation of prey
consumption occurs (Gholamzadeh-Chitgar et al., 2014).
This was confirmed through the negative values found
for the linear coefficient and goodness of fit of the type Il
functional response model. In other dermapterans, this
type of functional response was found by Nunes et al.
(2019), with the dermapteran Euborellia annulipes (Lucas)
(Dermaptera: Anisolabididae) in specimens of Plutella
xylostella (L.) (Lepidoptera: Plutellidae) and by Souza et al.
(2019), with the same predator under Diatraea saccharalis
Fabr. (Lepidoptera: Crambidae). This functional response
type is ideal for biological control because biocontrol
agents can detect and attack their prey at low densities
(Reeves et al., 2023).

In addition to the negative values for linear coefficients
mentioned above, the verification of the type of functional
response of a predator can be observed by the slope of
a curve of this response, being determined by the attack
rate (o) and the handling time (Th) (Coelho et al., 2023).
The attack rate is responsible for showing predation
intensity due to increased prey density (Khan and Yoldas,
2018). Handling time refers to the predator’s cumulative
time to recognize, attack, kill, and consume prey (Jiang
and Kajimura, 2020). It is worth highlighting that the
handling time of 22.20 minutes observed in this study is
within the average limit for other dermapterans. Being
lower than that observed by (Ramos et al., 2019), who

Table 3. Attack rate (a) and Handling time (T,) and 95% confidence intervals (95% Cl) for Marava arachidis (Dermaptera: Labiidae) preying
on third-instar larvae of Anthonomus grandis grandis (Coleoptera: Curculionidae), over 24 hours.

Parameters Gauss-Newton' Studentised? Percentile? BCa?
a 0.0374 (0.029 - 0.045) 0.069 (0.033 - 0.105) 1.982 (0.048 - 3.916) 0.071 (0.036 - 1.165)
T, 0.3794 (0.079 - 0.679) 1.844 (0.000 - 3.688) 5.599 (0.146 - 11.052) 1.855 (0.000 - 9.903)
T 24.000 24.000 24.00 24.000

Testimatives from nonlinear (weighted) least-squares (nls function in R); 2estimatives from frair_fit function in R.
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Figure 1. Functional response of Marava arachidis (Dermaptera: Labiidae) adults to third -instar larvae of Anthonomus grandis grandis

(Coleoptera: Curculionidae).

found an average handling time of 31.75 minutes by the
species Chelisoches morio (Fabricius, 1775) (Dermaptera:
Chelisochidae) using the coconut leaf beetle, Brontispa
longissima (Gestro) (Coleoptera: Chrysomelidae) as prey.

The answer found in this study for the species
M. arachidis can be associated with the voracity of
dermapterans as predators. This characteristic contributes
to the success of a predator in the face of Integrated Pest
Management (IPM). In this way, through the functional
response, we can classify the predator M. arachidis as a
potential biological controller of the larval stage of A.
grandis grandis. Thus, knowledge of possible interactions
between predator and prey through their biological
behavior is essential to determine strategies for control.
Itis pertinent to highlight that several factors can interfere
with the number of preys consumed, the mode of creation,
the local plant of prey development, the size of the prey
compared to the predator, and the related density (Oliveira-
Filho et al., 2023).

In the present study, a consistent amount of consumed
prey was recorded. It is important to highlight that
other factors can affect predation behavior, such as the
predator phase, the size of the prey, the mobility, and
the characteristics of its integument, promoting greater
or lower predation. Therefore, the movement of prey
attracts the predator, thus influencing its consumption
preference, which may or may not be nutritionally less
adequate (Malaquias et al., 2014). Furthermore, the age
of the prey can cause a decrease in predation, just as the
variation in cuticle types provides different protection
mechanisms for the prey, influenced by the proportion of
chitin, degree of sclerotization, and types of constituent
proteins (Souza et al., 2022). Due to the limited information
in the literature about the activity of M. arachidis predators
in Brazil, knowledge about these aspects of its predatory
performance becomes essential for developing research
aimed at adopting biological control strategies associated
with integrated management.

4/5

References

ABBAS, A., ULLAH, F, HAFEEZ, M., HAN, X., DARA, M.Z., GUL, H.
and ZHAO, C.R., 2022. Biological control of fall armyworm,
Spodoptera frugiperda. Agronomy, vol. 12, no. 11, pp. 2704.
http://doi.org/10.3390/agronomy12112704.

ABOELHADID, S.M., ABDEL-BAKI, A.A., GADELHAQ, S.M., HASSAN,
W.H., MANSOUR, L., AL-QURAISHY, S., KAMIMURA, Y., LEE, C.Y.
and KAMEL, A.A., 2022. Potential of Marava arachidis, a newly
recorded earwig species in egypt as a biological control agent
of Rhipicephalus annulatus Tick in Laboratory. Insects, vol.
13, no. 10, pp. 934. http://doi.org/10.3390/insects13100934.
PMid:36292882.

COELHO, RSS., PEC, M., SILVA, A.L., PENAFLOR, M.E. and MARUCCI,
R.C.,2023. Predation potential of the earwig Euborellia annulipes
on fruit fly larvae and trophic interactions with the parasitoid
Diachasmimorpha longicaudata. Journal of Applied Entomology,
vol. 147, no. 2, pp. 147-156. http://doi.org/10.1111/jen.13091.

FAUSTINO, R.E, SILVA, C.A.D., ZANUNCIO, ].C., PEREIRA, J.R. and
PEREIRA, A.LA., 2023. Mortality of the cotton boll weevil in
drip and sprinkler irrigated cotton crops. Brazilian Journal of
Biology = Revista Brasileira de Biologia, vol. 83, e248154. http://
doi.org/10.1590/1519-6984.248154. PMid:34586191.

FERREIRA, R.R., ABREU, K.G., OLIVEIRA-FILHO, M.C., FERREIRA,
R.R,, SALUSTINO, A.S., MORAIS, M.D. and BRITO, C.H., 2022.
Evaluation of artificial diets on the biological development of
Marava arachidis (Dermaptera: Labiidae) and Euborellia annulipes
(Dermaptera: Forficulidae). Scientific Electronic Archives, vol. 15,
no. 3, pp. 8-14. http://doi.org/10.36560/15320221521.

GHOLAMZADEH-CHITGAR, M., HAJIZADEH, J., GHADAMYARI,
M., KARIMI-MALATI, A. and HODA, H., 2014. Sublethal effects
of diazinon, fenitrothion and chlorpyrifos on the functional
response of predatory bug, Andrallus spinidens Fabricius (Hem.:
Pentatomidae) in the laboratory conditions. Journal of King
Saud University. Science, vol. 26, no. 2, pp. 113-118. http://doi.
org/10.1016/j.jksus.2013.09.001.

HOLLING, C.S., 1959. Some characteristics of simple types of
predation and parasitism. Canadian Entomologist, vol. 91, no.
7, pp. 385-398. http://doi.org/10.4039/Ent91385-7.

JIANG, Z.R. and KAJIMURA, H., 2020. Earwig preying on ambrosia
beetle: evaluating predatory process and prey preference.

Brazilian Journal of Biology, 2024, vol. 84, 282251


https://doi.org/10.3390/agronomy12112704
https://doi.org/10.3390/insects13100934
https://pubmed.ncbi.nlm.nih.gov/36292882
https://pubmed.ncbi.nlm.nih.gov/36292882
https://doi.org/10.1111/jen.13091
https://doi.org/10.1590/1519-6984.248154
https://doi.org/10.1590/1519-6984.248154
https://pubmed.ncbi.nlm.nih.gov/34586191
https://doi.org/10.36560/15320221521
https://doi.org/10.1016/j.jksus.2013.09.001
https://doi.org/10.1016/j.jksus.2013.09.001
https://doi.org/10.4039/Ent91385-7

Journal of Applied Entomology, vol. 144, no. 8, pp. 743-750.
http://doi.org/10.1111/jen.12800.

KHAN, M.H. and YOLDAS, Z., 2018. Assessment of the functional
response parameters of Coccinella septempunctata to varying
densities of Acyrthosiphon pisum. Journal of Asia-Pacific
Entomology, vol. 21, no. 4, pp. 1165-1170. http://doi.org/10.1016/j.
aspen.2018.08.012.

LEMOS, W.P., RAMALHO, ES. and ZANUNCIO, J.C., 2003. Age-
dependent fecundity and life-fertility tables for Euborellia
annulipes (Lucas) (Dermaptera: Anisolabididae) a cotton boll
weevil predator in laboratory studies with an artificial diet.
Environmental Entomology, vol. 32, no. 3, pp. 592-601. http://
doi.org/10.1603/0046-225X-32.3.592.

MALAQUIAS, ].B., OMOTO, C., RAMALHO, E.S., WESLEY, W.A.C. and
SILVEIRA, R.F, 2015. Bt cotton and the predator Podisus nigrispinus
(Dallas) (Heteroptera: Pentatomidae) in the management
of Spodoptera frugiperda (JE Smith)(Lepidoptera: Noctuidae)
resistance to lambda-cyhalothrin. Journal of Pest Science, vol.
88, no. 1, pp. 57-63. http://doi.org/10.1007/s10340-014-0585-3.

MALAQUIAS, ].B., RAMALHO, E.S., OMOTO, C., GODOY, W.A.C.
and SILVEIRA, R.F,, 2014. Imidacloprid affects the functional
response of predator Podisus nigrispinus (Dallas) (Heteroptera:
Pentatomidae) to strains of Spodoptera frugiperda (JE Smith) on
Bt cotton. Ecotoxicology, vol. 23, no. 2, pp. 192-200. http://doi.
0rg/10.1007/s10646-013-1162-x. PMid:24352830.

NUNES, G.S., RAMALHO, D.G., DOS SANTOS, N.A., TRUZI, C.C., VIEIRA,
N.E, CARDOSO, C.P. and DE BORTOL], S.A., 2019. Parasitism-
Mediated interactions between the ring-legged earwig and
sugarcane borer larvae. Neotropical Entomology, vol. 48, no.
6, pp. 919-926. http://doi.org/10.1007/s13744-019-00731-3.
PMid:31701476.

OLIVEIRA-FILHO, M.C,, SILVA, K.M. and BRITO, C.H., 2023. Biologia
de Marava arachidis (Yersin, 1860) (Dermaptera: Labiidae)
alimentada com Brevicoryne brassicae (Linnaeus, 1758)
(Hemiptera: Aphididae). Scientia Plena, vol. 19, no. 6. http://
doi.org/10.14808/sci.plena.2023.060201.

Brazilian Journal of Biology, 2024, vol. 84, 282251

Biological control of boll weevil by Marava arachidis

PRITCHARD, D.W., PATERSON, R.A., BOVY, H.C. and BARRIOS-O’'NEILL,
D.,2017. Frair: an R package for fitting and comparing consumer
functional responses. Methods in Ecology and Evolution, vol. 8,
no. 11, pp. 1528-1534. http://doi.org/10.1111/2041-210X.12784.

R CORE TEAM, 2023. R: a language and environment for statistical
computing. Vienna: R Foundation for Statistical Computing.

RAMALHO, ES. and MALAQUIAS, J.B., 2015. Controle biolégico do
Bicudo-do-Algodoeiro. In: J. L. BELOT, ed. O bicudo-do-algodoeiro
(Anthonomus grandis BOH., 1843) nos cerrados brasileiros: biologia
e medidas de controle. 2% ed. Cuiaba: IMAmt, no. 1, pp. 155-182.

RAMOS, FL.D., ONO, ].L. and COSICO, S.M.Q., 2019. Field evaluation
and behavioral response of black earwig, Chelisoches morio
(Fabricius) (Dermaptera: Chelisochidae) to the coconut
leaf beetle, Brontispa longissima (Gestro) (Coleoptera:
Chrysomelidae). Ascendens Asia Journal of Multidisciplinary
Research Abstracts, vol. 3, no. 2, pp. 1.

REEVES, L.A., GARRATT, M.P., FOUNTAIN, M.T. and SENAPATH]I, D.,
2023. Functional and behavioral responses of the natural enemy
Anthocoris nemoralis to Cacopsylla pyri, at different temperatures.
Journal of Insect Behavior, vol. 36, no. 3, pp. 222-238. http://doi.
0rg/10.1007/s10905-023-09836-5. PMid:37547869.

SILVA, L.A., BASSO, M.F. and RIBEIRO, B.M., 2023. A novel picorna-
like virus identified in the cotton boll weevil Anthonomus
grandis (Coleoptera: Curculionidae). Archives of Virology, vol.
168, no. 1, pp. 29. http://doi.org/10.1007/s00705-022-05672-8.
PMid:36598610.

SOUZA, C., REDOAN, A.C,, RIBEIRO, C., CRUZ, 1., CARVALHO, G.A.
and MENDES, S.M., 2019. Controle biol6gico: qual espécie de
tesourinha consome mais lagartas e pode ser menos sensivel
a exposic¢do a inseticidas. Embrapa. Boletim de Pesquisa e
Desenvolvimento, vol. 188, pp. 1-20.

SOUZA, .M., SELEGHIM, A.R., NUNES, G.S., TRUZI, C.C., VIEIRA, N.F.
and BORTOLI, S.A., 2022. Predation of Diatraea saccharalis eggs
and neonates by the earwig Euborellia annulipes. Biological
Control, vol. 172, pp. 104953.

5/5


https://doi.org/10.1111/jen.12800
https://doi.org/10.1016/j.aspen.2018.08.012
https://doi.org/10.1016/j.aspen.2018.08.012
https://doi.org/10.1603/0046-225X-32.3.592
https://doi.org/10.1603/0046-225X-32.3.592
https://doi.org/10.1007/s10340-014-0585-3
https://doi.org/10.1007/s10646-013-1162-x
https://doi.org/10.1007/s10646-013-1162-x
https://pubmed.ncbi.nlm.nih.gov/24352830
https://doi.org/10.1007/s13744-019-00731-3
https://pubmed.ncbi.nlm.nih.gov/31701476
https://pubmed.ncbi.nlm.nih.gov/31701476
https://doi.org/10.14808/sci.plena.2023.060201
https://doi.org/10.14808/sci.plena.2023.060201
https://doi.org/10.1111/2041-210X.12784
https://doi.org/10.1007/s10905-023-09836-5
https://doi.org/10.1007/s10905-023-09836-5
https://pubmed.ncbi.nlm.nih.gov/37547869
https://doi.org/10.1007/s00705-022-05672-8
https://pubmed.ncbi.nlm.nih.gov/36598610
https://pubmed.ncbi.nlm.nih.gov/36598610

