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RESUMO 

 
Interações tróficas em plantas Zea spp. envolvendo os herbivoros Spodoptera 

frugiperda (J. E. Smith), Diatraea saccharalis (Fabricius) e o predador Doru 
luteipes Scudder 

 

As tesourinhas (Dermaptera) são em sua maioria insetos noturnos 
considerados sub-sociais devido ao cuidado maternal e à formação de grupos 
familiares agregados. Espécies de Dermaptera possuem um papel importante como 
predadores generalistas em diferentes culturas em todo mundo. Apesar disso, o 
conhecimento sobre seu comportamento e as interações inseto-planta permanecem 
pouco estudadas. A tesourinha Doru luteipes Scudder (Dermaptera: Forficulidae) é 
um dos predadores mais frequentes em diferentes culturas, especialmente no milho 
(Zea mays ssp. mays), devido ao voraz consumo de ovos e lagartas de Spodoptera 
frugiperda e Diatraea saccharalis, pragas chave nesta cultura. O milho é um dos 
cereais mais produzidos no mundo, embora grandes perdas sejam registradas 
anualmente devido ao ataque de pragas, apesar do uso de agroquímicos. Estudos 
recentes demostraram que plantas domesticadas tais como o milho têm reduzido 
suas defesas contra os herbívoros em detrimento à intensa seleção de cultivares de 
rápido crescimento e alta produtividade, quando comparados com seus ancestrais 
selvagens conhecidos como teosintos (Zea spp.). Esta tese foca no estudo das 
interações tróficas que ocorrem no sistema ‘plantas Zea – lagartas herbívoras – 
tesourinhas predadoras’ e foi dividida em quatro capítulos. No Capítulo 1, 
apresenta-se uma introdução geral e o esboço da tese. No Capítulo 2, a partir da 
coleta de voláteis de adultos de D. luteipes e ensaios de múltipla escolha, foi 
estudada a comunicação química entre estes indivíduos que influencia o 
comportamento de predação. No Capítulo 3 foi investigado o comportamento de 
predação das tesourinhas durante a foto e escotofase, e a preferência delas pelos 
voláteis do milho induzidos por S. frugiperda ou D. saccharalis, em diferentes 
intervalos de tempo (dano recente ou dano tardio). As tesourinhas mostraram 
atividade predatória apenas durante a noite, e foram atraídas pelos odores do milho 
atacados pelas duas lagartas. O dano recente (voláteis de folhas verdes-VFVs) 
contêm os compostos chaves para a atração de D. luteipes. No Capítulo 4 foi 
explorado como a domesticação das plantas Zea influenciam as interações com 
insetos por meio das defesas de plantas. Assim como no capitulo anterior, os VFVs 
apresentaram um importante papel na atração das tesourinhas. Os resultados 
indicaram que a história de vida do gênero Zea influenciou as defesas das plantas e 
consequentemente, as interações inseto-planta. Em conclusão, o presente trabalho 
traz novas contribuições ao conhecimento sobre defesas de plantas num contexto 
tritrófico, bem como às estratégias de predação em D. luteipes, o qual pode gerar 
ferramentas para otimizar a conservação e controle biológico de pragas por 
predadores em campo.  

 

Palavras-chave: Comportamento de rastreamento; Defesas de plantas; Estratégias 
de predação; Milho; Teosinto; Voláteis induzidos por herbivoria  
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ABSTRACT 

Trophic interactions on Zea spp. plants involving the herbivores Spodoptera 
frugiperda (J. E. Smith), Diatraea saccharalis (Fabricius) and the predator Doru 

luteipes Scudder 
 

The earwigs (Dermaptera) contains mostly nocturnal insects, which are 
considered subsocial due to formation of aggregated family groups and maternal 
care. Species of Dermaptera have been shown to play an important role as generalist 
predators in different crop systems worldwide. Despite that, the knowledge about 
their behavior and insect-plant interactions remains poorly understood. The earwig 
Doru luteipes (Dermaptera: Forficulidae) is one of the most important generalist 
predators in different crops, especially in maize (Zea mays ssp. mays) by voraciously 
consuming eggs and larvae of Spodoptera frugiperda (Lepidoptera: Noctuidae) and 
Diatraea saccharalis (Lepidoptera: Crambidae), key pests in this crop. Maize is one 
of most produced cereals in the word. However, great losses are registered annually 
due to pest attacks, despite the use of pesticides. Studies have demonstrated that 
domesticated plants such as maize have reduced defenses against herbivores in 
detriment to intensely selecting for rapid growth and high yield, when compared with 
their wild ancestors’ species known as teosintes (Zea spp.). This thesis focuses on 
the study of the trophic interactions which occur in the system ‘Zea plants – 
herbivores caterpillars – predator earwig’ and is divided in four chapters. In the 
Chapter 1 is present a general introduction and the thesis outline. In the Chapter 2, 
we studied through scent collection and multiple-choice bioassays, the 
communication between D. luteipes individuals which influences their predatory 
behavior. Our results indicate that earwigs can produce and use chemical cues by 
conspecifics to orientate them towards foraging resources. In the Chapter 3, we 
investigated the predation behavior of earwigs during photo- and scotophase and 
their preference for maize volatiles induced by S. frugiperda or D. saccharalis at 
different time intervals (early and old damage). Behavior, olfactometry bioassays and 
plant volatile collections were conducted. As was hypothesized, earwigs showed a 
predation activity only during night. Besides that, they were attracted by maize odors 
produced by both caterpillars and showed significant preference to early-damage 
odors over old-damage. Therefore, it is considered that early-damage volatiles 
(Green Leaf Volatiles-GLVs) could be the key compounds of D. luteipes attraction. In 
the last part (Chapter 4) was explored how domestication of Zea plants influences 
insect-plants interactions through plant defense. Experiments about food utilization 
by caterpillars, olfactometry bioassays and plant volatile collections were conducted. 
Interestingly, as in the previous chapter, we suggest that GLVs have an important 
role in earwig attraction. The results show that life-history of Zea plants influences 
plant defense and consequently the plant-insect interactions. In conclusion, our 
findings bring a new contribution to the knowledge about plant defenses in a tritrophic 
context and predatory strategies in D. luteipes, which would promote alternatives to 
optimize the conservation and biological control of pest by predators in the field. 
 

Keywords: Trail-following behavior; Plant defenses; Predatory strategies; Maize; 
Teosinte; Herbivore induced plant volatiles 
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1 GENERAL INTRODUCTION 

 
Over the course of coevolution with herbivorous insects, plants have 

developed a broad spectrum of defense and tolerance mechanisms to fend off and 

cope with the different attacks. These defenses can be constitutive, like thorns and 

trichomes, lignified cell walls and secondary metabolites (KARBAN; BALDWIN, 1997; 

WITTSTOCK; GERSHENZON, 2002) that exist for use against insect attack. Induced 

responses include defensive mechanisms that become activated upon insect attack, 

caused by elicitors present in the oral secretions, and/or oviposition fluid of 

herbivores (TURLINGS et al., 1993; ALBORN et al., 1997; HILKER et al., 2005; 

LOUIS et al., 2013). Induced responses can be direct or indirect. Elicitors activate 

signaling cascades, which leads to physiological changes and formation of specific 

products that interfere with the herbivore development or behavior (PARE; 

TUMLINSON, 1997). 

Direct defenses cause negative impact on physiology or behavior of the 

attacker through the production of toxins, digestibility reducers, secondary 

compounds and proteinase inhibitors production (SCHOONHOVEN; VAN LOON; 

DICKE, 2005). Direct plant defenses can be classified as anti-nutritional and toxic. 

Anti-nutritional defenses can take place to limit food supply or to reduce nutrients to 

the attacking insect. Toxic defenses include physical damages and chemical 

disruptions to attacking insects by specific plant traits (CHEN, 2008). Examples of 

this kind of defenses include the production of terpenoids, alkaloids, 

phenylpropanoids, glucosinolates, benzoxazinoids, and nonprotein amino acids. 

These metabolites can negatively impact growth and development or induce feeding 

deterrents via direct toxicity or mimicry of insect hormones (CHEN, 2008; 

HUFFAKER et al., 2013). 

Herbivory also stimulates emission of a complex blend of volatiles that 

function as indirect defenses. Indirect defenses include herbivore induced plant 

volatiles (HIPVs) that can serve as attractants to natural enemies of herbivores i.e., 

parasitoids or predators. Natural enemies use these chemical cues to search for prey 

or hosts and can consequently suppress herbivores population (TURLINGS 

TUMLINSON; LEWIS, 1990; DE MORAES; LEWIS; PARE, 1998; DICKE; VAN 

LOON, 2000; KESSLER; BALDWIN, 2001; DE MORAES; MESCHER; TUMLINSON, 

2001). 
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Emission of HIPVs is a phenomenon also referred to as ‘crying for help’ 

(DICKE et al., 1990) that has been demonstrated for different plants families in 

response to a wide diversity of herbivorous arthropods in the last two decades 

(DICKE; SABELIS, 1988; TURLINGS; TUMLINSON; LEWIS, 1990; DRUKKER; 

SCUTAREANU; SABELIS, 2000; DU et al., 1998; VET; DICKE 1995, VAN TOL et al., 

2001; RASMANN et al., 2005, DE LANGE et al., 2016). Most of the studies for 

tritrophic systems have looked at the volatile attraction to parasitoid wasp species. 

(TURLINGS; TUMLINSON; LEWIS, 1990; TURLINGS et al., 1995; TAMÒ et al., 

2006). Some studies conducted with entomopathogenic nematodes have shown 

attraction of these natural enemies to roots upon herbivory by root‐feeding herbivores 

(RASMANN et al., 2005; VAN TOL et al., 2001; ALI; ALBORN; STELINSKI, 2010). 

Nevertheless, there are still few studies about effects of HIPVs in predators 

(DRUKKER; BRUIN; SABELIS, 2000; SCUTAREANU et al., 1997; VAN LOON; VOS; 

DICKE, 2000; MAEDA et al., 2015; ARDANUY; ALBAJES; TURLINGS, 2016) and 

most of them refer to predatory mites (DICKE; SABELIS, 1988; DICKE et al., 1990; 

DE BOER et al., 2008). 

Induction of HIPV is mediated by the phytohormones jasmonic acid (JA), 

salicylic acid (SA) and ethylene (ET). It is well known that chewing insects, such as 

caterpillars, elicit plant defense responses regulated by JA, whereas phloem-sucking 

herbivores frequently activate the salicylic acid (SA) signaling pathway. Even within 

feeding guilds, different herbivore species elicit different HIPV composition 

(TURLINGS; TUMLINSON; LEWIS, 1990). Likewise, natural enemies can 

discriminate the attack by different herbivore species (DU et al., 1998; RASMANN; 

TURLINGS, 2007). Dicke et al. (1999) showed that the JA application to lima bean 

plants induces a volatile blend that is similar to the blend induced by spider mite 

feeding, and predaceus mites can discriminate between induced not induced plants 

volatiles. Moreover, the emission of HIPV occurs locally at the site of infestation, but 

also systemically from uninfested organs (TURLINGS; TUMLINSON, 1992). For 

example, the maize stem borer, Chilo partellus (Swinhoe) (Lepidoptera: Pyralidae) 

induce the emission of volatiles from the foliage of plants whose stem they infest, and 

consequently attracts parasitoids can localize the stem borer larva (POTTING; VET; 

DICKE, 1995). Volatile composition could be affected by biotic factors such as plant 

and herbivore species (DE MORAES; LEWIS; PARE, 1998; DE BOER et al., 2008) 

herbivory time (TURLINGS et al., 1998; CLAVIJO MCCORMICK et al., 2014) as well 
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as abiotic conditions such as temperature, humidity and light (GOUINGUENÉ; 

TURLINGS, 2002; SEIDL-ADAMS et al., 2015).  

Induced plant volatiles in general include green leaf volatiles (GLVs: 6-carbon 

aldehydes, alcohols, and acetates), terpenoids, phenols (phenylpropanoids or 

benzenoids) and, sulfur and nitrogen containing volatiles. These groups are involved 

in both toxicity of plant tissues and attraction of natural enemies (DE BOER et al., 

2008; DICKE, 2009; MUMM; DICKE, 2010; SCHOONHOVEN et al., 2005)  

GLVs are immediately released from earlyly damage leaves and are common 

in all plant species. Therefore, GLVs provide fast, but nonspecific information to 

natural enemies about herbivore location. Later blends such as terpenoids are more 

indicative of actual herbivore damage due to involving specific metabolic routes in 

plants. Their composition varies among plant genotypes (HOBALLA; TURLINGS, 

2005; ALLMANN; BALDWIN, 2010). Both GLVs and terpenes were shown to play a 

role in host or prey location of parasitic wasps and predators (WEISSBECKER et al., 

1999; HOBALLA; TURLINGS, 2005; MAEDA et al., 2015; KESSLER; BALDWIN, 

2002). Frequently, specialist species respond to specific plant volatile blends, while 

generalist species seem to be less selective (DE BOER et al., 2008; PEÑAFLOR et 

al., 2011). 

Thus, plant responses play an important role in population dynamics, 

because they might affect the performance and the behavior of other species such as 

herbivores con consequently natural enemies (PRICE et al., 1980, VET; DICKE, 

1992, DICKE; BALDWIN, 2010). It has been proposed the study of plant defenses as 

a new focus for crop pest control (STENBERG et al., 2015). It is supposed that direct 

and indirect defense strategies act together, however, little is known about their 

interaction (KANT, 2004) 

Direct and indirect plant defenses can be affected by selection pressures 

through evolution. Domestication of wild plants for agriculture can negatively 

influence defense strategies by intensely selection for traits, such as rapid growth 

and high yield (ROSENTHAL; DIRZO, 1997; RODRIGUEZ-SAONA et al., 2011). 

Selective breeding reduces genetic diversity of domesticated crops, which results in 

lacking or weakly defensive traits (DOEBLEY et al., 2004). While artificial selection of 

desirable traits increased global crop productivity, there is a tendency to develop 

modern crop varieties with low levels of diversity. This represents a challenge for 

improving crop production sustainability as it suggests that modern varieties could 
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perform poorly in systems with restricted pesticide use (MITCHELL et al., 2016). 

Several studies have suggested that domesticated plants are less resistant to 

herbivory than their wild ancestors or land races, including cranberry (RODRIGUEZ-

SAONA et al., 2011), cotton (HAGENBUCHE et al., 2016), Brassica and Phaseolus 

(BENREY et al., 1998), tomato (WELTER; STEGGALL, 1993), sunflower (CHEN; 

WELTER, 2005) and maize (ROSENTHAL; DIRZO, 1997; TAMIRU et al., 2011; 

SZCZEPANIEC et al., 2013; DÁVILA-FLORES et al., 2013; MUTYAMBAI et al., 

2015). Hence, plant domestication also affects species interactions in tritrophic 

systems (BENREY et al., 1998; CHEN et al., 2015). For maize, this effects has not 

been studied in detail (DE LANGE, 2016) 

Native to Mexico, maize (Zea mays ssp. mays) was domesticated 9 000 

years ago, from the wild ancestor, Balsa teosinte (Zea mays ssp. parviglumis Iltis & 

Doebley) which resulted in considerable alteration of the plant morphology, growth 

rate, and yield (MATSUOKA et al., 2002; DOEBLEY, 2004). Maize has spread 

worldwide to become one of the most important crops in the world at present. The 

amount of maize produced worldwide is about 1010 million metric tons every year. 

The highest portion of maize production is used for animal consumption. It is the one 

most important food source in Africa, Mesoamerica and Asia (FAO, 2014).  

The genus Zea contains eight taxa classified into two sections and five 

species. All taxa in Zea, besides cultivated maize, are named teosintes (Nahuátl 

Indian name). The section Luxuriantes contains two perennial and two annual 

species (Zea diploperennis Iltis, Doebley & Guzmán, Zea perennis (Hitchc.) Reeves 

& Mangelsdorf, Zea luxurians (Durieu & Ascherson) Bird, Zea nicaraguensis Iltis & 

Benz). The section Zea contains four subspecies of Z. mays (ssp. mexicana 

(Schrader) Iltis, ssp. parviglumis Iltis & Doebley, ssp. huehuetenangensis (Iltis & 

Doebley) Doebley, ssp. mays) (DOEBLEY; ILTIS, 1980). Populations of teosinte 

grow in and around maize fields in Mexico and Central America. Indeed, hybridization 

and introgression between teosintes and maize is a common practice by farmers 

(TAKAHASHI et al., 2012). These wild ancestors represent potential genetic 

resources for crop’s maize improvement (WANG et al., 2008).  

Teosinte and maize have genetic and morphological differences, such as, 

mutations in a small number of genes, increased seed size and reduced number of 

tillers in maize (MOYA-RAYGOZA et al., 2016). Aside from this, differences in direct 

and direct defenses between wild and modern species have reported in several 
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studies. Teosinte showed more resistance to the stemborer Diatraea grandiosella 

Dyar (Lepidoptera: Crambidae) (ROSENTHAL; DIRZO, 1997), leafhopper Dalbulus 

maidis (DeLong & Wolcott) (Hemiptera: Cicadellidae) (DÁVILA‐FLORES; DEWITT; 

BERNAL, 2013) and Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) 

(TAKAHASHI et al., 2012) compared to landraces and modern maize varieties. 

Researches have revealed that variation in production HIPVs which attract the 

natural enemies of herbivores among maize lines and teosintes (GOUINGUENE; 

DEGEN; TURLINGS, 2001; DEGEN et al., 2004; DE LANGE 2016). American maize 

varieties have lost the ability to release (E)‐β‐caryophyllene, key compound to the 

attraction of entomopathogenic nematodes (KÖLLNER et al., 2008). At field, 

Takahashi et al. (2012) observed that maize was more frequently infested by S. 

frugiperda larvae than Balsa teosinte. 

Maize domestication represents an evolutionary time scale that shows 

differences in several traits when compared with modern varieties with land races, 

annual and perennial teosintes. Plant life histories reflect adaptations to different 

environmental pressures and consequently affect the interaction of plants with their 

insect herbivores and natural enemies (TAKAHASHI et al., 2012; MUTYAMBA et al., 

2015; DE LANGE et al., 2016). For example, perennial species generally allocate 

more resources in herbivore defenses due to they must survive across growing 

seasons and are more likely to suffer injury from herbivores over their lifetime, while 

annual species generally allocate more to growth and reproduction due to their 

reproductive opportunities are limited to a single growing season (DÁVILA-FLORES; 

DEWITT; BERNAL, 2013) 

Fall armyworm, S. frugiperda, is a polyphagous herbivore and is among the 

most important pests of maize in the Americas (LUGINBILL 1928; MOLINA-OCHOA 

et al., 2003). The larvae are known for attacking sorghum, rice, sugarcane, pasture 

and cotton, in which it causes enormous yield losses, although it can also occur in 

more than 80 host species (WOJCIK; WHITCOMB; HABECH, 1976; GARCÍA-ROA 

et al., 2002). Outbreaks occur regularly in maize due to their high reproductive rate, 

multivoltinism, broad host range and ability to migrate long distances (CAPINERA, 

2000). Similar Diatraea saccharalis (Fabricius) (Lepidoptera: Crambidae), the 

sugarcane borer, is a pest that occurs from the southern United States to Argentina 

(PEAIRS; SAUNDERS, 1980) and attacks crops of economic importance such as 

sugarcane, sorghum, rice, wheat and maize (PINTO; GARCIA; BOTELHO, 2006). 
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According to Cruz (2007), it has been pointed out as a serious threat to maize culture 

in tropical regions. The direct damages are caused by penetration of caterpillars in 

the stalks and opening galleries, leading to an increase in sterility, reduction of spike 

and grain size (PEAIRS; SAUNDERS, 1980). S. frugiperda and Diatraea spp. 

occurred on teosinte plants at field, indicating that these herbivores also use wild 

ancestors of maize as a food source (PAINTER, 1955). Chemical control and 

genetically modified crops are the most used strategies to caterpillar’s management. 

Further, reports of arthropod resistance to pesticides and Bt technologies (DIEZ-

RODRIGUEZ; OMOTO, 2001; KIKUCHI et al., 2012; BINNING et al., 2014) raise 

concerns about the use of these strategies in the future. 

The earwig, Doru luteipes Scudder (Dermaptera: Forficulidae) is an important 

generalist predator that naturally occurrs in maize crops. It has shown voraciously 

consuming eggs and larvae of Lepidoptera. This includes, S. frugiperda (REIS et al., 

1988), D. saccharalis (ROMERO-SUELDO; VIRLA, 2008), corn earworm Helicoverpa 

zea (Boddie) (Lepidoptera: Noctuidae) (CRUZ et al., 1995), and also other herbivores 

such as aphids (ALVAREGA; VENDRAMIM; CRUZ, 1996). Doru spp. individuals 

have been already observed in teosinte fields (PAINTER, 1955) showing a long 

evolutionary history with Zea plants. In general, earwigs (Dermaptera) are distributed 

worldwide and most have nocturnal habits (LAMB; WELLINGTOWN, 1975). Many 

species are recognized as potential biological control agent in agricultural systems 

including Doru taeniatum Dohrn and Doru lineare Eschs. (Dermaptera: Forficulidae), 

Labidura riparia (Pallas) (Dermaptera: Labiduridae), Euborellia annulipes (Lucas) 

(Dermaptera: Anisolabididae), and the European earwig Forficula auricularia Lin. 

(Dermaptera: Forficulidae) (LAMB; WELLINGTOWN, 1975; EVANS; LONGÉPÉ 

1996; HAILE; HOFSVANG, 2001; ALVAREGA; VENDRAMIM; CRUZ, 1996; HE; 

WANG; XU, 2008; ROMERO-SUELDO; VIRLA, 2008). Despite of this, the use of 

earwigs in integrated pest management (IPM) is not common. That is due to lack of 

knowledge about behavior and predation activity of these species in special to D. 

luteipes.  

Earwigs are considered subsocial insects due to maternal care for their 

offspring and temporary formation of family groups (LAMB; WELLINGTON, 1975). 

The maintenance of these groups is mediated through pheromone communication. 

Previous studies in European earwig F. aurieularia, confirmed the existence of 

aggregation pheromones facilitated by cuticular hydrocarbons, tibial glands and feces 
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(SAUPHANOR; SUREAU, 1993; WALKER et al., 1993; EVANS; LONGÉPÉ, 1996; 

HEHAR et al., 2008; LORDAN et al., 2014). These studies suggest that the 

knowledge of aggregation pheromones could promote an efficient use of earwigs as 

a tool in biological control programs. Besides that, pheromones that induce 

aggregation can act as a mean of conveying information through trail formation in 

non-social insects, such as cockroaches (MILLER; KOEHLER, 2000; JEANSON; 

DENEUBOURG, 2006) and caterpillars (FITZGERALD; UNDERWOOD, 1998; 

FITZGERALD; WEBSTER, 1993; RUF et al., 2001). According to Lordan et al. 

(2014), pheromonal communication in earwigs should be more complex than a 

simple aggregation pheromone. Pheromones scent trails that elicited arrestment 

behavior, therefore, could contribute to exploit earwigs at field as important biocontrol 

agents. Even though some biology studies have been conducted with earwigs, the 

knowledge about behavior and communication systems of D. luteipes remains poorly 

understood.  

Predator contribution could be maximized in agrosystems by understanding 

the mechanisms that affect foraging behavior and olfactory communication. In 

addition, almost nothing is known about the third trophic level natural enemies that 

feed on herbivore insects of maize and teosintes (MOYA-RAYGOZA et al., 2016), 

over all on predators. Thus, knowledge about plant defenses and chemical 

communication between insects allows elucidating different alternatives to optimize 

crop breeding strategies and development of methods that promote the conservation 

and increase of natural enemies in crops.The aim of this thesis was to study chemical 

interactions of the trophic system composed of maize and teosinte plants, the 

herbivores S. frugiperda, D. saccharalis, and the predator D. luteipes. 
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2. CONCLUSIONS  

 

Chemical communication between individuals can affect interaction in trophic 

systems. Our results indicate that D. luteipes can use chemical cues by conspefics to 

orient in their foraging range. Females’ earwigs also use nocturnal herbivore-induced 

plant volatiles in search of host/prey. The attraction of the earwig to early-damaged 

plant is likely mediated by fatty acid derivatives. Mainly by GLVs compounds, which 

could represent an adaptive value to generalist predators such as earwigs that allows 

them discriminate between infested and uninfested plants. The behavior observed in 

this study could be common in other species of earwigs. Similary, the life-history of 

plants can determine the ecological tritrophic interactions through shifts in plants 

defense strategies. This change may result in fitness cost to plants by reducing 

resistance and volatile production. We observed a gradient in which wild species are 

less suitable for herbivores than modern maize. Moreover, there was a variation in 

volatile composition and olfactory earwig attraction, which suggests that direct and 

indirect defenses of maize against herbivores are weakened by domestication. As the 

earwig - S. frugiperda or D. saccharalis represents an important system in South 

American maize crops, future studies on the key-compounds responsible for the 

attraction of the earwig can help developing strategies to enhance prey searching of 

this biological control agent. The challenges to be addressed in future studies are the 

identification of specific defense mechanism such as secondary metabolites and 

volatile compounds that attract natural enemies as well as, the creation of strategies 

for the use of earwigs in IPM programs. 
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