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Abstract

Common green lacewings (Chrysoperla carnea species complex) are impor-

tant predators of several insect pests, particularly aphids. Due to their

potential in biological control, several efforts have been made to find

means to retain common green lacewing adults or even to increase their

numbers at a given site. In the course of field experiments conducted in

Hungary and Norway, we tested the effect of a known ternary bait (phe-

nylacetaldehyde, methyl salicylate, acetic acid) on oviposition and over-

wintering site choice of common green lacewings. In an orchard in

Hungary, overwintering chambers were set up with and without baits.

For the experiment on oviposition in Norway, a number of lacewing eggs

were compared on trees with and without baits in selected sectors of the

canopy. With the ternary bait, more common green lacewings could be

attracted to overwintering chambers, and also significantly more eggs

were found in the vicinity of baits than in other selected parts of the can-

opy, suggesting that this bait has the potential to manipulate both over-

wintering site choice and oviposition site choice of these important

beneficial insects.

Introduction

Green lacewings are important predators of several

insect pests, particularly aphids. The common green

lacewing (Chrysoperla carnea species complex, i.e.

carnea complex) is a widely spread taxon also present

in agro-ecosystems, which comprises several species

(Henry et al. 2001). Due to their potential in biologi-

cal control (Hagley 1989; Maisonneuve and Marrec

1999; Atlihan et al. 2004; Pappas et al. 2011), several

efforts have been made to find applicable methods to

preserve common green lacewing adults or even to

increase their numbers at a given site and thus

enhance the population density of their predatory

larvae by the higher rate of egg-laying (McEwen et al.

1998).

The species of the carnea complex overwinter as

hibernated adults. To increase their survival in the

hibernation period, the use of overwintering

chambers was suggested to provide shelter from the

adverse winter conditions and to increase survival

(Sengonca and Frings 1989; Sengonca and Henze

1992). Overwintering chambers also provide the pos-

sibility to move overwintering lacewings, with the

chamber to the desired site with the aim of establish-

ing a population from the beginning of next spring

(Sengonca and Frings 1989). Although the increase of

survival up to 100% reported by Sengonca and Frings

(1989) was not supported by later studies (Sengonca

and Henze 1992; McEwen et al. 1999; Weihrauch

2008), overwintering chambers may give a possibility

to increase abundance of common green lacewings

locally.

Another major scientific goal was to develop an

effective bait attracting carnea complex adults. Several

compounds were suggested as attractants for these
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lacewings (e.g. Flint et al. 1979; Zhu et al. 1999; T�oth

et al. 2006). Some compounds (e.g. caryophyllene,

camphor) were also tested whether they affect

overwintering site choice of common green lace-

wings; however, no such effect was found (McEwen

et al. 1999).

As common green lacewings are predatory in the

larval stage (Pappas et al. 2011), oviposition is of par-

ticular importance for practical aspects of biological

control. Several studies were performed on oviposi-

tion site choice of green lacewings including Chryso-

perla species (Ruzicka 1996; Petersen and Hunter

2002; Fr�echette et al. 2006; Kunkel and Cottrell

2007). Recently, sprays of food sources and synthetic

attractants (caryophyllene, tryptophan) were tested

for the Nearctic Chrysoperla rufilabris; nevertheless,

none of the treatments showed consistent effect on

oviposition of females compared to the control

(Kunkel and Cottrell 2007).

Recently, a three-component bait consisting of

phenylacetaldehyde, methyl salicylate and acetic acid

was developed, which attracted common green lace-

wing adults more efficiently in field conditions than

any previously published attractant (T�oth et al. 2009).

Furthermore, female lacewings laid eggs in traps

baited with the ternary blend (T�oth et al. 2009;

Jaastad et al. 2010), suggesting that this combination

of chemical stimuli may have a strong effect on

behaviour of common green lacewing adults.

In the present study, we aimed to test whether the

ternary bait affects the behaviour of common green

lacewings during oviposition and overwintering site

choice. According to our predictions, if the ovipositing

females and individuals taking shelter for overwinter-

ing are responsive to these stimuli, then females

should lay more eggs on baited trees and baited over-

wintering chambers should hold higher number of

individuals, which could provide new perspectives for

biological control.

Material and Methods

Preparation of baits

All synthetic compounds (≥95% chemical purity as

per the manufacturer) were obtained from Sigma-

Aldrich Kft (Budapest, Hungary). For preparing baits,

compounds were loaded onto a 1-cm piece of dental

roll (Celluron�, Paul Hartmann AG, Heidenheim,

Germany), which was put into a polyethylene bag (ca

1.0 9 1.5 cm) made of 0.02 mm linear polyethylene

foil (FS471-072, Phoenixplast BT, P�ecs, Hungary).

The bait comprised of three components, that is,

phenylacetaldehyde, acetic acid and methyl salicylate,

in a 1 : 1 : 1 ratio. The loading of each compound

was kept at 100 mg. The dispensers were heat-sealed

and attached to 8 9 1 cm plastic handles for easy

handling when assembling the traps. Dispensers were

wrapped singly in pieces of aluminium foil and stored

at �18°C until used.

Description of field trials

Field experiments with overwintering chambers

The objective of these tests was to determine whether

the ternary bait has the potential to increase the num-

ber of common green lacewing individuals taking

shelter in artificial overwintering chambers. Experi-

ment 1 was performed in an approximately 3 ha sour

cherry orchard in Hal�asztelek (N 47°210, E 19°000; Pest
County, Hungary). The orchard is part of a complex of

orchards including apple and mixed orchards and is

surrounded by urban and agricultural landscape.

Forty-eight overwintering chambers were set out on

2nd October 2008 and collected on 2nd March, 2009.

Twenty-four chambers were operated with two bait

dispensers attached to the outside of the box (after

3 weeks, baits were replaced by new ones), while

another 24 boxes served as controls without baits.

Overwintering chambers were 21 921 9 16 cm size,

made up of plastic cardboard with six horizontal

entrance holes on the front and the back side, each of

60 9 15 mm size. Chambers were filled with corru-

gated cardboard sheets to provide shelter for overwin-

tering lacewings. Corrugated cardboard was used to

provide similar circumstances in all chambers. Cham-

bers were hung on trees at a height of 1.8–2 m, as

lacewings were observed to fly frequently at this

height in the orchard. Baited and unbaited chambers

were placed alternately at least 8–10 metres from each

other. At the end of the trial, overwintering chambers

were collected and thoroughly searched for green

lacewings at a cool place (below 5°C). All collected
individuals were preserved in alcohol and identified

to species level after the works of Henry et al. (1996,

2001, 2002) and Thierry et al. (1992, 1998). Within

the carnea complex, there are two nomenclatural

approaches (Henry et al. 2001; Canard and Thierry

2005). In our work, we adopted the nomenclature of

Henry et al. (1996, 2001, 2002).

Field trials on oviposition site preference of C. carnea complex

to lures

Experiment 2 was conducted to study the number

and distribution of eggs laid in the tree canopy with

and without ternary lures. This test was conducted in
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a small (approximately 0.25 ha) mixed orchard with

pears, apples and cherries in �As, Eastern Norway (N

59°400, E 10°460). The orchard is surrounded by mixed

deciduous and conifer forest on two sides. In the

experiment seven trees were equipped with ternary

baits and six trees were only equipped with control

markers. The experiment was set up in three rows of

cherries at the orchard. The tree height was approxi-

mately 3 m with a canopy of ca. 1.8–2.3 m diameter.

Distance between trees selected for the study was

approximately 8 m. The registration census of eggs

was performed in seven sectors of the canopy. Sectors

for census were dispenser or marker point in the cen-

tre (C) and all others in 30 cm distance in the direc-

tions north (N), south (S), west (W), east (E), over

(O) and under (U) the dispenser or marker. Dispens-

ers with treatment and control markers were all

placed in the centre of the tree canopy. Eggs were

counted in the area of an imaginary sphere, 10 cm

diameter, around the seven respective check points.

Sectors were checked for C. carnea eggs 16 times from

the 13th of May until the 1st of July 2008. During the

experiment, baits were changed every 3 weeks as pre-

vious experience had shown that they do not lose

their attractiveness during this period (T�oth et al.

2006, 2009).

Statistical analyses

Data sets from both experiments were fitted into a

generalized linear model (GLM), for Poisson distrib-

uted data (Crawley 2002). In experiment 2, mean sep-

aration of the seven sectors in the tree canopy was

performed using a post hoc test, Tukey’s honestly

significant difference (HSD) test (Zar 1984). Statistical

procedures were conducted using the software R

Version 1.4-2 (R Development Core Team 2008).

Results

In experiment 1, more lacewings were found in baited

(mean � SE 5.61 � 1.12) than in unbaited (mean

�SE 2.38 � 0.76) overwintering chambers; baits

showed a significant effect on the number of lace-

wings (GLM, z = 5.403, df = 45, P < 0.001). All lace-

wings collected belonged to the Chrysoperla carnea

complex with C. pallida and C. carnea s. str. being

more numerous and C. lucasina present with fewer

individuals (Table 1). Both males and females of all

species were found in both baited and unbaited

chambers (Table 1).

In experiment 2, the mean value �SE in tree cano-

pies holding dispensers loaded with the ternary blend

was 4.86 � 0.86 eggs per lure per inspection. This is a

significantly higher number of eggs than in the con-

trol treatment (Tukey’s HSD test; P < 0.001). For trees

with lures, significantly higher numbers of eggs were

Table 1 Total number of individuals of each species of the Chrysoperla

carnea species complex recorded in overwintering chambers with

(n = 24) or without (n = 24) the synthetic ternary bait (Exp. 1.).

Species

Chambers

with bait

Chambers

without bait

Total

number

Female

%

Total

number

Female

%

Chrysoperla carnea

(Stephens, 1836)

45 68.9 19 73.7

C. lucasina (Lacroix, 1912) 16 37.5 3 66.7

C. pallida Henry et al. 2002 68 51.5 35 51.4

All three species 129 55.8 57 59.6

Fig. 1 Number of lacewing eggs in the sectors of the canopy in baited

(N = 7) and unbaited (N = 6) trees. Letter codes of sectors are as fol-

lows: centre (C) and north (N), south (S), west (W), east (E), over (O) and

under (U) the dispenser or marker. Means were calculated per bait/mar-

ker per inspection. Values marked with the same letter are not statisti-

cally different (ANOVA, Tukey’s HSD, P = 0.05)
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recorded in the centre (C) of the canopy as compared

to the other sectors (fig. 1, Tukey’s HSD test;

P < 0.001). Eggs were found laid in close proximity

around the lures centrally placed in the tree canopy,

and none of the differences in means between north

(N), south (S), east (E), west (W), over (O) and under

(U) were significant (fig. 1. Tukey’s HSD test;

P = 0.726).

Discussion

Our results confirm the strong behavioural effect of

the synthetic ternary bait on common green lace-

wings, which proved to be highly attractive in previ-

ous studies (T�oth et al. 2009).

Contrary to previous reports of attractants known

from previous literature (McEwen et al. 1999), the

synthetic ternary lure affected overwintering site

choice of common green lacewings in the present

study. This opens up practical perspectives to collect

higher numbers of adult common green lacewings in

overwintering chambers and preserve them to the

next spring at the specific site.

Although in our experiments, the number of lace-

wings in overwintering chambers was relatively low,

the difference between baited and unbaited chambers

was shown clearly. Several factors may influence the

number of lacewings in overwintering chambers,

including local population density, habitat conditions

and the designs of the chambers. During our tests, we

used a simplified overwintering chamber design that

in our opinion allowed a clear and standardized com-

parison of chambers with or without the synthetic

bait. We decided to omit some features (e.g. straw as

fill and chambers made of painted plywood) suggested

by previous authors (Sengonca and Frings 1989; McE-

wen and Sengonca 2001; Thierry et al. 2002), as these

design characters in our view could be less easy to

standardize, and as additional odour sources possibly

could have had a confounding effect as well. Never-

theless, we are aware that these features may also be

important and efficiency of overwintering chambers

could be further increased by applying all favourable

stimuli (chemical from our synthetic bait and physical

from design and fill material, etc.) together in a highly

effective chamber design.

Our results have also confirmed that the ternary

bait affects oviposition site choice of common green

lacewings. Trees equipped with baits holded a higher

number of lacewing eggs than trees without baits,

which suggests that with the ternary lure, common

green lacewings can be attracted to lay their eggs on a

selected tree. Furthermore, the distribution of the

eggs within the tree canopy showed that eggs were

laid in close proximity of the baits, indicating that ovi-

position activity of common green lacewings can be

concentrated using the ternary lure.

Previous reports are available on the effect of food

sprays on common green lacewings (e.g. Hagen et al.

1976; Tassan et al. 1979); however, the effect of this

methods seemed to decrease in a few days (Hagen

et al. 1976); furthermore, later studies did not con-

firm conclusive effect on oviposition (Kunkel and

Cottrell 2007).

Nevertheless, attracting predators and parasitoids of

pests is a very promising research area. Several

attempts are made to develop methods for using com-

pounds which attract natural enemies of pests (Pickett

et al. 2012). According to these studies, plant volatiles

seem to have special importance by attracting a vari-

ety of predators and parasitoids (e.g. Han and Chen

2002; James and Price 2004; Hare 2011).

However, to our knowledge, despite the reports on

attractive effect of several volatiles, results on longer

term effect of attractants in local maintenance of nat-

ural enemies (e.g. by oviposition and overwintering)

are scarce. Thus, we believe our results may contrib-

ute to this research area, and this knowledge may be

exploited in everyday agricultural practice to increase

the impact of biological control.

Acknowledgements

The study was partially supported by OTKA grant

K81494 of Hungarian Academy of Sciences. The

authors are grateful to three anonymous reviewers for

their highly useful comments and suggestions.

References

Atlihan R, Kaydan B, €Ozg€okce MS, 2004. Feeding activity

and life history characteristics of the generalist predator,

Chrysoperla carnea (Neuroptera: Chrysopidae) at different

prey densities. J. Pest. Sci. 77, 17–21.

Canard M, Thierry D, 2005. A historical perspective on

nomenclature within the genus Chrysoperla Steinmann,

1964 in Europe: the carnea-complex (Neuroptera: Chrys-

opidae). Ann. Mus. civ. St. Nat. Ferrara 8, 173–179.

Crawley MJ, 2002. Statistical computing: an introduction

to data analysis using S-Plus. John Wiley & Sons,

Chichester.

Flint HM, Salter SS, Walters S, 1979. Caryophyllene: an

attractant for the green lacewing. Environ. Entomol. 8,

1123–1125.

Fr�echette B, Coderre D, Lucas �E, 2006. Chrysoperla rufilabris

(Neuroptera: Chrysopidae) females do not avoid

J. Appl. Entomol. 139 (2015) 201–206 © 2014 Blackwell Verlag GmbH204

Lure affects carnea oviposition and overwintering S. Koczor et al.



ovipositing in the presence of conspecific eggs. Biol.

Control 37, 354–358.

Hagen KS, Greany P, Sawall EF, Tassan RL, 1976.

Tryptophan in artificial honeydews as a source of an

attractant for adult Chrysopa carnea. Environ. Entomol. 5,

458–468.

Hagley EAC, 1989. Release of Chrysoperla carnea Stephens

(Neuroptera: Chrysopidae) for control of the green apple

aphid, Aphis pomi deGeer (Homoptera: Aphididae). Can.

Entomol. 121, 309–314.

Han BY, Chen ZM, 2002. Composition of the volatiles from

intact and mechanically pierced tea aphid-tea shoot

complexes and their attraction to natural enemies of the

tea aphid. J. Agric. Food. Chem. 50, 2571–2575.

Hare JD, 2011. Ecological role of volatiles produced by

plants in response to damage by herbivorous insects.

Annu. Rev. Entomol. 56, 161–180.

Henry CS, Brooks SJ, Johnson JB, Duelli P, 1996. Chryso-

perla lucasina (Lacroix): a distinct species of green lace-

wing, confirmed by acoustical analysis (Neuroptera:

Chrysopidae). Syst. Entomol. 21, 205–218.

Henry CS, Brooks SJ, Thierry D, Duelli P, Johnson JB,

2001. The common green lacewing (Chrysoperla carnea s.

lat.) and the sibling species problem. In: Lacewings in

the Crop Environment. Ed. by McEwen PK, New TR,

Whittington AE, CambridgeUniversity Press, Cambridge,

UK, 29–42.

Henry CS, Brooks SJ, Duelli P, Johnson JB, 2002. Discov-

ering the true Chrysoperla carnea (Stephens) (Insecta:

Neuroptera: Chrysopidae) using song analysis, morphol-

ogy, and ecology. Ann. Entomol. Soc. Am. 95, 172–191.

Jaastad G, Hatleli L, Knudsen GK, T�oth M, 2010. Volatiles

initiate egg laying in common green lacewings. IOBC/

WPRS Bull. 54, 77–82.

James DG, Price TS, 2004. Field-testing of methyl salicylate

for recruitment and retention of beneficial insects in

grapes and hops. J. Chem. Ecol. 30, 1613–1628.

Kunkel BA, Cottrell TE, 2007. Oviposition response of

green lacewings (Neuroptera: Chrysopidae) to aphids

(Hemiptera: Aphididae) and potential attractants on

pecan. Environ. Entomol. 36, 577–583.

Maisonneuve JC, Marrec C, 1999. The potential of Chryso-

perla lucasina for IPM programmes in greenhouses.

IOBC/WPRS Bull. 22, 165–168.

McEwen PK, Sengonca C, 2001. Artificial overwintering

chambers for Chrysoperla carnea and their application in

pest control. In: Lacewings in the crop environment. Ed.

by McEwen PK, New TR, Whittington AE, Cambridge

University Press, Cambridge, UK, 487–491.

McEwen PK, Shuja A, Senior L, 1998. Conservation of the

common green lacewing (Chrysoperla carnea s.l.) (Neu-

roptera, Chrysopidae) to control crop pests. Acta Zool.

Fenn. 209, 153–156.

McEwen PK, Akerberg C, Bozsik A, James CJ, Eccleston L,

Lenartsson M, Rossiter P, Tuovinen T, 1999. Artificial

overwintering chambers for green lacewings: results of

international trials and implications for pest control.

J. Appl. Entomol. 123, 525–527.

Pappas ML, Broufas GD, Koveos DS, 2011. Chrysopid pre-

dators and their role in biological control. J. Entomol. 8,

301–326.

Petersen MK, Hunter MS, 2002. Ovipositional preference

and larval–early adult performance of two generalist

lacewing predators of aphids in pecans. Biol. Control 25,

101–109.

Pickett JA, Ardottir GI, Birkett MA, Bruce TJA, Chamber-

lain K, Khan ZR, Midega CAO, Smart LE, Woodcock

CM, 2012. Aspects of insect chemical ecology: exploita-

tion of reception and detection as tools for deception of

pests and beneficial insects. Physiol. Entomol. 37,

2–9.

R Development Core Team, 2008. R: A Language and

Environment for Statistical Computing. 1.4-2 edition. R

Development Core Team, Vienna, Austria.

Ruzicka Z, 1996. Oviposition-deterring pheromone in

Chrysopidae (Neuroptera): Intra- and interspecific

effects. Eur. J. Entomol. 93, 161–166.

Sengonca C, Frings B, 1989. Enhancement of the green

lacewing Chrysoperla carnea (Stephens), by providing

artificial facilities for hibernation. Turk Entomol. Derg.

13, 245–250.

Sengonca C, Henze M, 1992. Conservation and enhance-

ment of Chrysoperla carnea (Stephens) (Neuroptera:

Chrysopidae) in the field by providing hibernation shel-

ters. J. Appl. Ent. 114, 497–501.

Tassan RL, Hagen KS, Sawall EF Jr, 1979. The influence of

field food sprays on the egg production rate of Chrysopa

carnea. Environ. Entomol. 8, 81–85.

Thierry D, Cloupeau R, Jarry M, 1992. La chrysope com-

mune Chrysoperla carnea (Stephens) sensu lato dans le

centre de la France: mise en �evidence d’un complexe

d’esp�eces (Insecta: Neuroptera: Chrysopidae). In: Cur-

rent Research in Neuropterology. Ed. by Canard M,

Asp€ock U, Mansell MW, Proceedings of the Fourth Inter-

national Symposium on Neuropterology, Privately

printed, Toulouse, France, 379–392.

Thierry D, Cloupeau R, Jarry M, Canard M, 1998. Discrim-

ination of the West-Palaearctic Chrysoperla Steinmann

species of the carnea Stephens group by means of claw

morphology (Neuroptera, Chrysopidae). Acta Zool.

Fenn. 209, 255–262.

Thierry D, Rat-Morris E, Caldumbide C, 2002. Selective

attractivity of artificial overwintering chambers for the

common green lacewing species of the Chrysoperla carnea

(Stephens) complex in Western Europe (Neuroptera:

Chrysopidae). Acta Zool. Acad. Sci. Hung. 48(Suppl. 2),

351–357.

T�oth M, Bozsik A, Szentkir�alyi F, Letardi A, Tabilio MR,

Verdinelli M, Zandigiacomo P, Jekisa J, Szaruk�an I,

2006. Phenylacetaldehyde: a chemical attractant for

J. Appl. Entomol. 139 (2015) 201–206 © 2014 Blackwell Verlag GmbH 205

S. Koczor et al. Lure affects carnea oviposition and overwintering



common green lacewings (Chrysoperla carnea s.l., Neu-

roptera: Chrysopidae). Eur. J. Entomol. 103, 267–271.

T�oth M, Szentkir�alyi F, Vuts J, Letardi A, Tabilio MR, Jaas-

tad G, Knudsen GK, 2009. Optimization of a phenylacet-

aldehyde-based attractant for common green lacewings

(Chrysoperla carnea s.l.). J. Chem. Ecol. 35, 449–458.

Weihrauch F, 2008. Overwintering of common green

lacewings in hibernation shelters in the Hallertau hop

growing area. Bull. Insectology 61, 67–71.

Zar JH, 1984. Biostatistical analysis. Prentice-Hall, Engle-

wood Cliffs.

Zhu J, Coss�e AA, Obrycki JJ, Boo KS, Baker TC, 1999.

Olfactory reactions of the twelve-spotted lady-beetle,

Coleomegilla maculata and the green lacewing, Chryso-

perla carnea to semiochemicals released from their

prey and host plant: electroantennogram and behav-

ioral responses. J. Chem. Ecol. 25, 1163–1177.

J. Appl. Entomol. 139 (2015) 201–206 © 2014 Blackwell Verlag GmbH206

Lure affects carnea oviposition and overwintering S. Koczor et al.


