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ABSTRACT: Diamondback moth, Plutella xylostella, is considered the most important pest species of brassica crops and 
Euborellia annulipes can exhibit potential for its control. This work recorded the consumption of 4th-instar larvae and pupae of 
P. xylostella by nymphs and adult females of the ring-legged earwig E. annulipes at different ages: 2, 4, 6, 8 and 10 days old. 
Nymphs in the 3rd-instar and females of E. annulipes consumed daily more P. xylostella larvae than pupae. The consumption of 
diamondback moth pupae became constant as the 5th-instar nymphs of the predator develop. In the other hand, the consumption 
of larvae decreases when nymphs are closer to molt. Female, regardless of its age, consumed more larvae than pupae of P. 
xylostella.
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Predação de lagartas e pupas da traça-das-crucíferas por Euborellia annulipes

RESUMO: A traça-das-crucíferas, Plutella xylostella, é considerada a principal praga das brássicas e Euborellia annulipes pode 
ter importante contribuição no seu controle. Este trabalho avaliou o consumo de lagartas de quarto instar e pupas de P. xylostella 
em função de cinco idades de ninfas e fêmeas adultas (2, 4, 6, 8 e 10 dias) da tesourinha E. annulipes. Ninfas no terceiro 
instar e fêmeas da tesourinha consumiram maior quantidade de lagartas que pupas de P. xylostella. Na medida em que as 
ninfas de quinto instar do predador se desenvolveram, o consumo de pupas da traça-das-crucíferas tornou-se constante. Em 
contrapartida, o consumo de lagartas decresce quando as ninfas do predador se aproximam da muda. As fêmeas, independente 
da idade, consomem mais lagartas que pupas de P. xylostella. 

Palavras-chave: brássicas; dermápteros; manejo integrado; Plutella xylostella
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Introduction
The production of brassica (Brassicaceae) has fundamental 

social, medicinal and economic importance worldwide. 
Most of these plants have nutraceutical properties such as 
kale (Brassica oleracea var. acephala), cabbage (Brassica 
oleracea var. capitata), arugula (Eruca sativa), broccoli 
(Brassica oleracea var. italica) and cauliflower (Brassica 
oleracea var. botrytis), used in human nutrition (Carvalho 
et al., 2013; Gonçalves et al., 2013). They can be also used 
as raw material in the oil and biodiesel industry (Schmidt & 
Bancroft, 2010), as it is the case of canola (Brassica napus).

The diamondback moth Plutella xylostella (L.) 
(Lepidoptera: Plutellidae) is considered the main pest 
affecting brassica in all producing countries. This moth has 
high reproductive capacity and rapid selection for resistance 
to insecticides, resulting in dramatic crop productivity losses 
and significantly increased control costs (De Bortoli et al., 
2011; Zalucki et al., 2012). Biological control is indicated as 
an emergent and efficient alternative for reducing insect 
pest infestations. It also works in integrated production 
and sustainable agriculture, helping to reduce the use of 
insecticides composed of products that incur toxic effects 
to non-target organisms such as natural enemies, domestic 
animals, man and the environment. Thus, predatory insects 
have been the target of increasing research aimed at the 
control of pests (Almeida et al., 2009; Brito et al., 2009; 
Vacari et al. 2012).

The ring-legged earwig Euborellia annulipes (Lucas) 
(Dermaptera: Anisolabididae) has been reported as predator 
of larvae and pupae of Anthonomus grandis Boheman 
(Coleoptera: Curculionidae) (Lemos et al., 1998) and eggs and 
larvae of Spodoptera frugiperda (J.E. Smith) (Lepidoptera: 
Noctuidae) (Silva et al., 2009a). The natural occurrence of 
ring-legged earwigs in kale plantations intercropped or 
not with pigeon pea, Cajanus cajan (Fabaceae), and sweet 
alyssum, Lobularia maritima (Brassicaceae), was cited by 
Ramos (2015) and Ribeiro & Gontijo (2017). The ring-legged 
earwig has negative phototropic behavior and therefore 
a nocturnal habit, being able to find protection in dark 
places, between leaves and alike, under natural conditions, 
besides exhibiting high mobility and ability to climb surfaces 
(Klostermeyer, 1942; Bharadwaj, 1966). Ring-legged earwig 
can explore plants in search of food resources, as described 
by Abramson et al. (2007). In this context, E. annulipes may 
have contact with the different stages of development of the 
diamondback moth while exploring cabbage, broccoli, chard, 
cauliflower, and other plants in brassica agroecosystems.

Based on the above, the investigation of the predatory 
potential of the ring-legged earwig E. annulipes on the 
diamondback moth is relevant for future studies about its 
use in the strategies to control this pest. The age of the 
predator is a feature that can provide information about 
predatory behavior and dynamics as it develops. In addition, 

the development phase of the prey may interfere with the 
consumption rate of the predator. Thus, the predation of 
P. xylostella larvae and pupae by nymphs of different ages 
and females of E. annulipes was determined in laboratory 
conditions in the present study.

Material and Methods
Location and conditions of the experiment

The experiment was conducted at the Laboratory of 
Entomology of Campus II, Federal University of Paraíba 
(UFPB), Areia - PB, under temperature of 25 ± 2 ºC, relative 
humidity of 70 ± 10% and 12-h photophase. Nymphs and 
females of E. annnulipes and fourth instar larvae and pupae 
of P. xylostella were used in the research, both obtained 
from breeding in laboratory conditions.

Predator production
The ring-legged earwig E. annulipes was produced in 

laboratory with feed based on the use of artificial diet 
described by Silva et al. (2009b). Twenty-four hours after 
hatching, the nymphs were separated into clear plastic 
containers (13 cm wide x 20 cm long x 7 cm high) containing 
filter paper moistened with distilled water for shelter and 
diet. Each vessel had an average density of 40 nymphs on the 
moistened substrate. Periodic cleanings in the containers 
and replacement of diet were performed every three days 
or when needed.

Instar transitions of E. annulipes nymphs was observed 
daily until adults were obtained. The sex was differentiated 
based on forceps (males have curved left forceps, females 
have same-size forceps) (Klostermeyer, 1942). Females and 
males were pooled into a total of 32 insects/container at a 
ratio of one male to three females. The eggs obtained were 
separated together with the female on moistened filter 
paper in Petri dishes (8 cm diameter x 11 cm width).

Prey production
The diamondback moth was obtained in a commercial 

production of cabbage in the city of Areia - PB and taken to 
the laboratory. The larvae were grown in transparent plastic 
containers (25 cm wide x 36 cm long x 12 cm high) closed 
with voile tissue (50 cm long x 35 cm wide) and fed with kale 
leaves (B. oleracea var . acephala) of the Georgia cultivar. 
The pupae were removed from the leaves with the aid of a 
brush and packed until emergence in flat bottom glass tubes 
(8.5 cm height x 2 cm diameter) sealed with hydrophilic 
cotton.

After emergence, males and females were packed in 
plastic cages (6.5 cm diameter x 15 cm height) covered 
in the top with voile tissue and containing kale leaves for 
oviposition. Leaves with eggs were removed and packed into 
another type of container (13 cm wide x 20 cm long x 7 cm 
high) until hatching; fresh leaves were added in the cages 
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every two days. Adults were fed with a solution of honey 
(5%) + water (95%) disposed on hydrophilic cotton in the 
upper part of the cage.

Predation rate
Predation of P. xylostella larvae and pupae by E. annulipes 

was evaluated according to the development of nymphs 
and females (2, 4, 6, 8 and 10 days of age) as a function of 
the development stages of the pest, i.e. fourth instar larvae 
and pupae. Prey consumption until the day of ecdysis was 
analyzed as a function of instar transition of the predator. 
Each treatment consisted of 10 nymphs of each instar of 
the predator (first to fifth instar) and 10 adult females of E. 
annulipes, respectively. The number of preys consumed per 
day and per age group of the predator and observations of 
predatory behavior were recorded during the experiment.

Data analysis
The statistical design adopted was completely 

randomized with plots subdivided in time. Data on number 
of prey consumed by ring-legged earwig nymphs and 
females per day were submitted to analysis of variance (Proc 
GLM; SAS Institute, 2015), using a (5 + 1) x 2 scheme (five 
instars + adult females of the predator x two phases of prey), 
and compared by Tukey and F tests (p ≤ 0.05). Data on prey 
consumption as a function of predator age were submitted 
to polynomial regression analysis (Proc REG, SAS Institute, 
2015). The comparison of the consumption of larvae and 
pupae by the predator at each independent interval was 
compared by F test (p ≤ 0.05).

Results
Daily predation

The daily consumption of P. xylostella by nymphs and 
females of E. annulipes varied according to development 
stages of the predator (F = 603.5, p < 0.001) and the prey (F 
= 1103.0, p < 0.001), with significant interaction between the 
sources of variation (F = 603.5, p < 0.001). P. xylostella larvae 
were consumed in greater number by E. annulipes nymphs 
of third instar and upwards; females consumed the largest 
number of prey daily (Table 1).

The daily consumption of diamondback moth larvae and 
pupae by first- and second-instar nymphs did not present 
statistical difference. Nymphs from the third instar onwards 
and females predated a larger number of larvae than pupae 
(Table 1).

Predation according to age of predator
The interaction of prey and predator development 

stages with the predator development days was statistically 
significant (F = 39.7, p < 0.001). No regression model fitted the 
consumption of P. xylostella larvae and pupae and there was 
no statistical difference between prey stages consumed by E. 
annulipes nymphs during the first instar (Figure 1A).

The consumption of prey pupae increased linearly and 
the consumption of prey larvae increased as the nymphs 
developed, resulting in a stabilization of consumption 

represented by a quadratic response (Figure 1B). The 
maximum point estimated by derivation of the equation 
was obtained at eight days of development, corresponding 
to 17 larvae consumed. Second instar nymphs showed no 
difference in intake of the different prey stages and the 
transition to the third instar occurred, on average, at 7.8 
days; thus, the curve was not evaluated at 10 days.

During the first two days of age, third instar E. annulipes 
nymphs consumed the same amount of P. xylostella larvae 
and pupae. From this age, i.e. third instar onwards, they 
began to consume more larvae at all age ranges. The prey 
consumption response followed a quadratic function from 
2 to 10 days of age of the predator at this instar (Figure 1C). 
The maximum estimated consumption was 64.7 larvae at 9.5 
days and 15.7 pupae at 8.6 days. The consumption of larvae 
by fourth instar nymphs presented a linear response, while 
the consumption of pupae had a quadratic response (Figure 
1D), where the estimated maximum point was obtained at 
9.5 days, corresponding to 26.6 pupae consumed. Pupae 
consumption was statistically lower than that of larvae of 
P. xylostella on any day of development of fourth instar 
predators.

As for fifth instar nymphs, it was observed that according 
to their development, the consumption of larvae fitted a 
quadratic regression model and the consumption of pupae, 
a linear model. These E. annulipes nymphs consumed 
approximately 234 larvae within 10 days (Figure 1E). Females, 
too, consumed more larvae than pupae, exhibiting a linear 
consumption of both prey stages (Figure 1F). Ring-legged 
earwigs consumed 20 pupae and 58 larvae at the beginning 
of the adult phase (female), predating 113 pupae and 449 
larvae of P. xylostella in 10 days of observations.

Predatory behavior
First instar ring-legged earwig nymphs are smaller than P. 

xylostella larvae and pupae, and this influences the attack and 
consumption. The pupae have a cocoon of silk threads that 
surrounds them and are more chitinized. Therefore, nymphs 
at this stage needed to break the cocoon to consume them 
and at times, they would shelter among the pupae not yet 
consumed (Figure 2A). On the other hand, the movement of 

1Difference of consumption between prey stages analyzed by F test (** p < 0.001; 
nsnot significant). 2Means of prey consumption by predator stages followed by the 
same lowercase letters in the column do not differ statistically by the Tukey test at 
5% probability.

Table 1. Mean number (± SE) of Plutella xylostella fourth 
instar larvae and pupae consumed per day by Euborellia 
annulipes nymphs and females in laboratory.
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nsNon-significant differences.

Figure 1. Regression curves adjusted for the average number of Plutella xylostella fourth instar larvae ( ) and pupae ( ) 
consumed by nymphs of first (A), second (B), third (C), fourth (D) and fifth (E) instars and females (F) of Euborellia annulipes, 
according the age of the predator. 

larvae stimulated the removal of the first instar nymphs (Figure 
2B). However, even dodging its prey, the aggressiveness of the 
predators was stimulated and they attacked again, for there 
was no other type of prey to be consumed.

Fourth instar E. annulipes nymphs were more voracious 
and larger in size than P. xylostella larvae; they consumed 
the prey completely (Figure 2C). During the attack, predator 
nymphs, especially younger ones, only killed prey or partially 
consumed their contents, discarding part of the integument 
(Figure 2D, Figure 2E). The nymphs ceased their predation 
when they approached instar transition, indicated by the 
presence of liberated exuviae (Figure 2F).

Females immobilized the larvae with the forceps due to 
the evasive movement of the prey (Figure 2G). Then they 
consumed the entire larva or they only killed it when another 
larva was detected. The use of forceps by the predator 
has also been evidenced in pupae, when prey move the 
abdomen (Figure 2H). However, this behavior was practically 
inexpressive in the observations made.

Discussion
Predation of E. annulipes was observed to be more intense 

on P. xylostella larvae than pupae. Increased predation 
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Figure 2. Predation behavior of Plutella xylostella fourth instar pupae and larvae by Euborellia annulipes nymphs of first (A, 
B) and fifth (C) instar, prey consumed by third instar nymphs (D, E), exuviae and post-ecdysis nymph-adult (F) and behavior 
of attack of females on caterpillars (G) and pupae (H) under laboratory conditions.

rate was also observed with the development of instars of 
the predator (Table 1). The nymphs were more agile and 
consumed more prey from the third instar onwards. Adult 
ring-legged earwig individuals showed greater predation 
than nymphs, of both prey larvae and pupae.

Many authors have verified that predation of first and 
second instar E. annulipes on S. frugiperda is higher as ring-
legged earwigs develop (Silva et al., 2009a), corroborating 
the results obtained in the present study with P. xylostella 
larvae and pupae. The stage of P. xylostella (egg to pupa) 
defined the increase in the number of individuals predated 
by Nabis kinbergii Reuter (Hemiptera: Nabidae) according to 
the predatory stage, i.e. nymph to adult (Ma et al., 2005). 
Therefore, higher larvae consumption by predators as 
nymphal development advances is a common result (Vacari 
et al., 2013; De Jesus et al., 2014).

Nabis kinbergii nymphs only consume fourth instar 
larvae, and third to fifth instar pupae of the diamondback 
moth P. xylostella (Ma et al., 2005), while P. nigrispinus 
nymphs consume only from the second instar onwards, 
since in the first instar the nymphs consume only water 

(Vacari et al., 2012; Botteon et al., 2016). Thus, the action 
of E. annulipes on diamondback moth is already evident in 
the first days of life of the nymphs, which probably makes 
possible a more successful control of the pest by this 
predator.

The lower predation of diamondback moth pupae by 
the ring-legged earwig may be related to the protection of 
the prey or its nutritional aspect, capable of satisfying the 
predator. It was reported by Eubanks & Denno (2000) that 
prey movement attracts the predator Geocoris punctipes 
(Say) (Hemiptera: Pentatomidae), influencing its preferential 
consumption; however, this prey is nutritionally less suitable 
for the predator. Furthermore, prey age can cause a decrease 
of consumption by predators, as reported by Silva et al. 
(2009b) who fed this same species of ring-legged earwig 
with eggs of S. frugiperda of different ages.

Diamondback moth pupae are chitinous and surrounded 
by silk threads formed during the pupation process (Philips 
et al., 2014). This is the primary defense mechanisms that 
hinder access and serve as a form of protection against 
predator attacks (Sarfraz et al., 2011). Different forms of 
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rupture of the chitinous protection of P. xylostella pupae 
by predators may occur. Prey age may ensure greater or 
lower flexibility of the integument within the first 24 hours 
after its formation. The predator’s oral apparatus may have 
greater action on the prey and may vary according to the 
natural enemy (Morrison et al., 2016). Predator stage is also 
important, where older nymphs and adult insects may have 
larger size and predation ability.

First instar E. annulipes nymphs, although smaller than 
the P. xylostella pupae, broke the silk threads that enclosed 
them and sometimes used it as a shelter (Figure 2a). With 
this they had an easier access to food. Older ring-legged 
earwig nymphs easily accessed the pupae because of their 
size. Some prey defense mechanisms may interfere with 
predation behavior and influence the success of biological 
development and number of prey consumed by the predator 
(Tapajós et al., 2016).

Some larvae respond to predator attacks through natural, 
chemical, behavioral or physiological stimuli, and also by 
induction, with evasive or defense movements (Grosman et 
al., 2008; Greeney et al., 2009). Prey movements may also 
stimulate the attack and influence the predation activity and 
success (Zanuncio et al., 2008; Silva et al., 2012; Vacari et 
al., 2012; Santos et al., 2016), as observed in E. annulipes. 
However, other food resources may be present in the field 
and the predator may consequently show greater selection 
of food due to its omnivorous nature (Kocarek et al., 2015).

There was a trend of increasing consumption of P. 
xylostella by E. annulipes females throughout their days of 
age. It is worth mentioning that after oviposition, there may 
be a decrease in predation activity because the energetic cost 
of females starts to be destined for maternal care, which is 
the natural behavior of E. annulipes females; from this point 
onwards, they devote much of their attention to eggs and 
hatched nymphs (Butnariu et al., 2013; Wong et al., 2013).

Due to the lack of information in the literature on the 
action of predators of P. xylostella in Brazil, knowledge about 
aspects related to the predatory action of E. annulipes on 
this pest is essential for the development of research aimed 
at biological control strategies associated with the integrated 
management of P. xylostella.

Conclusion
Euborellia annulipes nymphs consume more P. xylostella 

larvae than pupae from the third instar onwards, and 
consumption varies according to their stages and age. 
Likewise, E. annulipes females consume more P. xylostella 
larvae than pupae.

Acknowledgements
The authors thank Prof. Dr. Walter Esfraim Pereira for the 

help in the statistical analysis, as well as the National Council 
for Research and Scientific Development (CNPq) and the 

Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
- Brasil (CAPES) for financial support (Finance Code 001).

Literature Cited
Abramson, C. I.; Wanderley, P. A.; Miná, A. J. S.; Wanderley, M. J. A. 

Capacity of earwig Marava arachidis (Yersin) to access fennel 
plants Foeniculum vulgare Mill in laboratory and field. Ciência 
Rural, v.37, n.6, p.1524-1528, 2007. https://doi.org/10.1590/
S0103-84782007000600003. 

Almeida, M. F.; Barros, R.; Gondim Júnior, M. G. C.; Freitas, S. 
D.; Bezerra, A. L. Biologia de Ceraeochrysa claveri Navás 
(Neuroptera: Chrysopidae) predando Plutella xylostella (L.) 
(Lepidoptera: Plutellidae). Ciência Rural, v.39, n.2, p.313-318, 
2009.  https://doi.org/10.1590/S0103-84782009000200001.

Bharadwaj, R. K. Observations on the bionomics of Euborellia 
annulipes (Dermaptera: Labiduridae). Annals of the 
Entomological Society of America, v.59, n.3, p.441-450, 1966.  
https://doi.org/10.1093/aesa/59.3.441.  

Botteon, V. W.; Neves, J. A.; Godoy, W. A. C. Functional response 
and matrix population model of Podisus nigrispinus (Dallas, 
1851) (Hemiptera: Pentatomidae) fed on Chrysomya putoria 
(Wiedemann, 1818) (Diptera: Calliphoridae) as alternative prey. 
Neotropical Entomology, v.46, n.2, p.137-143, 2016.  https://
doi.org/10.1007/s13744-016-0440-8. 

Brito, J. P.; Vacari, A. M.; Thuler, R. T.; De Bortoli, S. A. Aspectos 
biológicos de Orius insidiosus (Say, 1832) predando ovos de 
Plutella xylostella (L., 1758) e Anagasta kuehniella (Zeller, 
1879). Arquivos do Instituto Biológico, v.76, n.4, p.627-633, 
2009.  http://www.biologico.sp.gov.br/docs/arq/v76_4/brito.
pdf 10. Dez. 2017.

Butnariu, A. R.; Pasini, A.; Reis, F. S.; Bessa, E. Maternal care by the 
earwig Doru lineare Eschs. (Dermaptera: Forficulidae). Journal 
of Insect Behavior, v.26, n.5, p.667-678, 2013.  http://dx.doi.
org/10.1007/s10905-013-9377-5.

Carvalho, C.; Kist, B. B.; Poll, H. Anuário brasileiro de hortaliças. 
Santa Cruz do Sul: Editora Gazeta Santa Cruz, 2013. 88p.

De Bortoli, A. S.; Vacari, A. M.; Goulart, R. M.; Santos, R. F.; Volpe, 
H. X. L.; Ferraudo, A. S. Capacidade reprodutiva e preferência da 
traça-das-crucíferas para diferentes brassicáceas. Horticultura 
Brasileira, v.29, n. 2, p.187-192, 2011.  https://doi.org/10.1590/
S0102-05362011000200009.

De Jesus, F. G.; Boiça Júnior, A. L.; Alves, G. C.; Zanuncio, J. C. Behavior, 
development, and predation of Podisus nigrispinus (Hemiptera: 
Pentatomidae) on Spodoptera frugiperda (Lepidoptera: 
Noctuidae) fed transgenic and conventional cotton cultivars. 
Annals of the Entomological Society of America, v.107, n.3, 
p.601-606, 2014.  https://doi.org/10.1603/AN13100.

Eubanks, M. D.; Robert F. D. Host plants mediate omnivore–
herbivore interactions and influence prey suppression. Ecology, 
v.81, n.4, p.936-947, 2000.  https://doi.org/10.1890/0012-
9658(2000)081[0936:HPMOHI]2.0.CO;2. 

Gonçalves, E. M.; Alegria, C.; Abreu, M. Benefits of brassica 
nutraceutical compounds on human health. In: Lang, M. (Ed.). 
Brassicaceae: characterization, functional genomics and health 
benefits. Hauppauge: Nova Science Publishers, 2013. p.20–65.



Predation of diamondback moth larvae and pupae by Euborellia annulipes

Rev. Bras. Cienc. Agrar., Recife, v.13, n.3, e5557, 2018 7/8

Greeney, H. F.; Dyer, H. G. L.; Smilanich, A. M. Feeding by lepidopteran 
larvae is dangerous: A review of caterpillars’ chemical, 
physiological, morphological, and behavioral defenses against 
natural enemies. Invertebrate Survival Journal, v.9, p.7-34, 2012.  
http://www.isj.unimo.it/articoli/ISJ256.pdf. 10 Dez. 2017.

Grosman, A. H.; Janssen, A.; De Brito, E. F.; Cordeiro, E. G.; 
Colares, F.; Fonseca, J. O.; Lima, E. R.; Pallini, A.; Sabelis, M. W. 
Parasitoid increases survival of its pupae by inducing hosts to 
fight predators. PLoS One, v.3, n.6, p.1-7, 2008.  https://doi.
org/10.1371/journal.pone.0002276.

Klostermeyer, E. C. The life history and habits of the ringlegged 
earwig, Euborellia annulipes (Lucas) (Order Dermaptera). 
Journal of the Kansas Entomological Society, v.15, n.1, p.13-18, 
1942.  http://www.jstor.org/stable/25081661. 15 Jul. 2017.

Kocarek, P.; Dvorak, L.; Kirstova, M. Euborellia annulipes 
(Dermaptera: Anisolabididae), a new alien earwig in Central 
European greenhouses: potential pest or beneficial inhabitant? 
Applied Entomology and Zoology, v.50, n.2, p.201-206, 2015.  
https://doi.org/10.1007/s13355-015-0322-2.

Lemos, W. P.; Medeiros, R. S.; Ramalho, F. S. Influência da 
temperatura no desenvolvimento de Euborellia annulipes 
(Lucas) (Dermaptera: Anisolabididae), predador do bicudo-
do-algodoeiro. Anais da Sociedade Entomológica do Brasil, 
v.27, n.1, p.67-76, 1998.  https://doi.org/10.1590/S0301-
80591998000100009.

Ma, J.; Li, Y. Z.; Keller, M.; Ren, S. X. Functional response and predation 
of Nabis kinbergii (Hemiptera: Nabidae) to Plutella xylostella 
(Lepidoptera: Plutellidae). Insect Science, v.12, n.4, p.281-286, 
2005.  https://doi.org/10.1111/j.1005-295X.2005.00034.x.

Morrison, W. R.; Mathews, C. R.; Leskey, T. C. Frequency, efficiency, 
and physical characteristics of predation by generalist predators 
of brown marmorated stink bug (Hemiptera: Pentatomidae) 
eggs. Biological Control, v.97, p.120-130, 2016.  https://doi.
org/10.1016/j.biocontrol.2016.03.008.

Parra, J. R. P.; Panizzi, A. R.; Haddad, M. L. Índices nutricionais 
para medir consumo e utilização de alimentos por insetos. 
In: Panizzi, A. R., Parra, J. R. P. (Eds.). Bioecologia e nutrição 
de insetos: base para o manejo integrado de pragas. Brasília: 
Embrapa Informação Tecnológica, 2009. p.37-90. http://ainfo.
cnptia.embrapa.br/digital/bitstream/item/104833/1/Indices-
nutricionais-para-medir-consumo-e-utilizacao-de-alimentos-
por-insetos.pdf. 10 Dez. 2017. 

Philips, C. R.; Fu, Z.; Kuhar, T. P.; Shelton, A. M.; Cordero, R. J. 
Natural history, ecology, and management of Diamondback 
moth (Lepidoptera: Plutellidae), with emphasis on the United 
States. Journal of Integrated Pest Management, v.5, n.3, p.1-11, 
2014.  https://doi.org/10.1603/IPM14012.

Ramos, T. O. Couve consorciada com sorgo e feijão-guandu na 
ocorrência de pulgões e insetos predadores. Jaboticabal: 
Universidade Estadual Paulista Júlio de Mesquita Filho; Faculdade 
de Ciências Agrárias e Veterinárias de Jaboticabal, 2015. 58p. 
Tese Doutorado. http://hdl.handle.net/11449/135960. 05 Dez. 
2017.

Ribeiro, A. L.; Gontijo, L. M. Alyssum flowers promote biological 
control of collard pests. BioControl, v.62, n.2, p.185-196, 2017.  
https://doi.org/10.1007/s10526-016-9783-7. 

Santos, B. D. B.; Ramalho, F. S.; Malaquias, J. B.; Lira, A.; Pachú, J. 
K.; Fernandes, F. S.; Zanuncio, J. C. How predation by Podisus 
nigrispinus is influenced by developmental stage and density 
of its prey Alabama argillacea. Entomologia Experimentalis 
et Applicata, v.158, n.2, p.142–151, 2016.  https://doi.
org/10.1111/eea.12396.

Sarfraz, R. M.; Dosdall, L. M.; Keddie, A. B.; Myers, J. H. Larval 
survival, host plant preferences and developmental responses 
of the diamondback moth Plutella xylostella (Lepidoptera: 
Plutellidae) on wild brassicaceous species. Entomological 
Science, v.14, n.1, p.20-30, 2011.  https://doi.org/10.1111/
j.1479-8298.2010.00413.x.

SAS Institute. SAS/STAT User’s Guide. Cary: SAS Institute, 2015.
Schmidt, R.; Bancroft, I. Genetics and Genomics of the Brassicaceae. 

Berlin: Springer, 2010. 677 p.
Silva, A. B.; Batista, J. L.; Brito, C. H. Aspectos biológicos de Euborellia 

annulipes sobre ovos de Spodoptera frugiperda. Engenharia 
Ambiental, v.6, n.3, p. 482-495, 2009a. http://ferramentas.
unipinhal.edu.br/engenhariaambiental/include/getdoc.php?id
=892&article=342&mode=pdf. 15 Dez. 2016.

Silva, A. B.; Batista, J. L.; Brito, C. H. Capacidade predatória de 
Euborellia annulipes (Lucas, 1847) sobre Spodoptera frugiperda 
(Smith, 1797). Acta Scientiarum. Agronomy, v.31, n.1, p.7-11, 
2009b.  https://doi.org/10.4025/actasciagron.v31i1.6602.

Silva, R. B. D.; Corrêa, A. S.; Della Lucia, T. M. C.; Pereira, A. I. A.; Cruz, 
I.; Zanuncio, J. C. Does the aggressiveness of the prey modify 
the attack behavior of the predator Supputius cincticeps (Stal) 
(Hemiptera, Pentatomidae)? Revista Brasileira de Entomologia, 
v.56, n.2, p.244-248, 2012.  https://doi.org/10.1590/S0085-
56262012005000031.

Soares, M. A.; Zanuncio, J. C.; Leite, G. L. D.; Wermelinger, E. 
D.; Serrão, J. E. Does Thyrinteina arnobia (Lepidoptera: 
Geometridae) use different defense behaviours against 
predators? Journal of Plant Diseases and Protection, v.116, n.1, 
p.30-33, 2009.  https://doi.org/10.1007/BF03356283.

Tapajós, S. J.; Lira, R.; Silva-Torres, C. S.; Torres, J. B.; Coitinho, R. L. 
Suitability of two exotic mealybug species as prey to indigenous 
lacewing species. Biological Control, v.96, p.93-100, 2016.  
https://doi.org/10.1016/j.biocontrol.2016.02.005.

Vacari, A. M.; De Bortoli, S. A.; Goulart, R. M.; Volpe, H. X. L.; 
Otuka, A. K.; Veiga, A. C. Comparison of eggs, larvae, and pupae 
of Plutella xylostella (Lepidoptera: Plutellidae) as prey for 
Podisus nigrispinus (Hemiptera: Pentatomidae). Annals of the 
Entomological Society of America, v.106, n.2, p.235-242, 2013.  
https://doi.org/10.1603/AN11190.

Vacari, A. M.; De Bortoli, S. A.; Torres, J. B. Relationships between 
predation by Podisus nigrispinus and developmental phase 
and density of its prey, Plutella xylostella. Entomologia 
Experimentalis et Applicata, v.145, n.1, p.30-37, 2012.  https://
doi.org/10.1111/j.1570-7458.2012.01310.x.

Wong, J. W. Y.; Meunier, J.; Kölliker, M. The evolution of parental 
care in insects: the roles of ecology, life history and the social 
environment. Ecological Entomology, v.38, n.2, p.123-137, 
2013.  https://doi.org/10.1111/een.12000.



Predation of diamondback moth larvae and pupae by Euborellia annulipes

Rev. Bras. Cienc. Agrar., Recife, v.13, n.3, e5557, 2018 8/8

Zalucki, M. P.; Shabbir, A.; Silva, R.; Adamson, D.; Shu-Sheng, 
L.; Furlong, M. J. Estimating the economic cost of one of the 
world’s major insect pests, Plutella xylostella (Lepidoptera: 
Plutellidae): just how long is a piece of string? Journal of 
Economic Entomology, v.105, n.4, p.1115-1129, 2012.  https://
doi.org/10.1603/EC12107.

Zanuncio, J. C.; Silva, C. A. D. D.; Lima, E. R. D.; Pereira, F. F.; Ramalho, 
F. D. S.; Serrão, J. E. Predation rate of Spodoptera frugiperda 
(Lepidoptera: Noctuidae) larvae with and without defense by 
Podisus nigrispinus (Heteroptera: Pentatomidae). Brazilian 
Archives of Biology and Technology, v.51, n.1, p.121-125, 2008.  
https://doi.org/10.1590/S1516-89132008000100015.


