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ABSTRACT. Can larval lacewings Chrysoperla externa (Hagen) (Neuroptera, Chrysopidae) be reared on pollen? The aim of this
study was to verify the viability of exclusive use of elephant grass pollen, Pennisetum purpureum (Schum), to feed larvae of the
lacewing Chrysoperla externa (Hagen, 1861). The insects were kept at 24°C and the duration and survival rate of each instar and
the larval and pupal phases were recorded. The diet provided complete development of the larvae. The average duration of the first
and second instars was the same (6.9 days), while the third instar lasted an average of 10.0 days and the pupal phase 13.2 days. The
average survival of the larvae was above 80% for the first, second and third instars, and 70.0% and 33.3% for the larval and pupal
phase, respectively. These results indicate that the exclusive use of elephant grass pollen can provide complete development of the
immature stages of this predator.
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RESUMO. Larvas de Chrysoperla externa (Hagen) (Neuroptera, Chrysopidae) podem ser criadas com polen? O objetivo do
presente estudo foi verificar a viabilidade do uso exclusivo de polen de capim-elefante Pennisetum purpureum (Schum) como dieta
para larvas de Chrysoperla externa (Hagen, 1861). Os insetos foram mantidos a 24°C, avaliando-se a duracdo e a sobrevivéncia
em cada instar e em todo o estagio larval e pupal. Verificou-se que a dieta proporcionou o desenvolvimento completo das larvas do
crisopideo, que apresentaram a mesma duragdo média para o primeiro e segundo instares (6,9 dias) e permaneceram 10,0 e 13,2
dias no terceiro instar e no estagio pupal, respectivamente. A sobrevivéncia média das larvas de C. externa foi superior a 80% para
o primeiro, segundo e terceiro instares, e de 70,0% e 33,3% para o estagio larval e pupal, respectivamente. Verificou-se que o uso
exclusivo de polen de capim-elefante como alimento para larvas de C. externa proporcionou o completo desenvolvimento dos

estagios imaturos do predador.

PALAVRAS-CHAVE. Criagao massal; crisopideo; dieta.

Insects, commonly called lacewings, in the family
Chrysopidae (Neuroptera) show potential for control of insect
pests (Lira & Batista 2006). Among the species that have
been examined, Chrysoperla externa (Hagen, 1861) has been
very useful in mass-release programs (Carvalho & Souza
2000). Mass, natural-enemy, rearing programs have advanced
considerably and developed constant monitoring and control
of diets for production maintenance (Oliveira et al. 2002).
Despite the many studies of the ecology of the lacewing
still much is yet to be learned, especially for the rearing and
maintenance of large quantities for use in biological control
(Gitirana Neto et al. 2001). For these large-scale release
programs, rearing also must be carried out on a large scale
in the laboratory (Albuquerque et al. 2001). Thus, one of the
most important aspects of large-scale rearing is the quality
of the diet that is fed to the larvae (Canard & Principi 1984;
Carvalho & Souza 2000).

Insect larvae have salivary glands that produce enzymes
for initiating the digestion process (Chapman 1998). These
digestive enzymes may remain active in the intestines where
they continue to carry out their principal role of degradation

of plant polymers (Benjamin et al. 2004). Lacewing larvae
have curved shaped mandibles that, when closed, form a
canal (suction tube) for the passage of food (Gepp 1984;
Carvalho ef al. 2003). By means of this canal, the insect can
inject digestive enzymes into the prey, after which it can
suck the partially digested tissues and organs (Cohen 1998).
Lacewing larvae are predators on several types of prey, such as
Lepidopteran eggs and larvae, aphids, scale insects and mites
(Carvalho & Souza 2000). Lacewings also eat leaf-hoppers,
white flies, thrips and many other, soft-bodied arthropods
(Ribeiro et al. 1991; Berti Filho ef al. 2000). Adult lacewings
may eat pollen (Hagen & Tassan 1970; Sheldon & MacLeod
1971; Agnew et al. 1981). Some species take “honeydew”
and nectar as well as species that continue to prey on the same
foods that they take as larvae (Sheldon & MacLeod 1971).
The wide diversity of prey taken by lacewings suggest
that these insects may be very useful in biological control on
pest arthropods. However, in nature their population sizes are
usually too small to be effective. Therefore, captive rearing in
large numbers for later release is required for effective use in
agriculture. However, such rearing is not easy and methods
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to effectively rear these animals at reasonable costs must be
developed.

Pollen has been studied as food for lacewing adults
(Boregas et al. 2003; Venzon et al. 2006). A promising
plant for pollen as food is the elephant grass (Pennisetum
purpureum Schum). It is already used for grazing (Costa &
Gongalves 1988) and is now found throughout Brazil (Pereira
etal 2001). Its pollen-rich inflorescence in the form of a spike
is about 15 cm long and may easily be collected and used for
laboratory diets.

In rearing lacewings, eggs of the grain moth Sitotroga
cerealella (Olivier, 1819) (Lepidoptera, Gelechiidae) and the
flour moth Anagasta kuehniella (Zeller, 1879) (Lepidoptera,
Pyralidae) are the most commonly used throughout the world,
although alternative food sources may be used (Freitas 2001).
When using eggs from these moths, the moths themselves
must also be reared to produce enough eggs to then use to rear
lacewings. Or, the moth eggs must be bought from another
source. Therefore, neither method is ideal and both are costly
(Cohen & Smith 1998; Tauber et al. 2000). Thus, alternative,
inexpensive yet nutritious food sources must be developed for
the effective rearing of lacewings (Carvalho & Souza 2000).

To that end, lacewings were studied at the Experimental
Field Station for Dairy Cattle of Embrapa (21°33°22”’S,
43°06°15”W, altitude de 410 m), in Coronel Pacheco, in the
state of Minas Gerais. From March to June 2007 lacewing
larvae were found in the field in inflorescences of Brachiaria
decumbens Stapf. In searching the same places for prey
species of the lacewings, none was found, giving rise to the
possibility that the lacewing larvae were consuming pollen
(S. A. Oliveira, pers. com.).

With these observations, here, we tested whether pollen
of the elephant grass P. purpureum may serve as an efficient
and cost-effective food source for rearing the lacewing C.
externa.

Eggs were used from the Entomology Laboratory of
the Federal University of Lavras (UFLA) in the state of
Minas Gerais. Thirty recently hatched lacewing larvae (F3
generation) were placed in Petri dishes (5 cm diameter)
covered with perfurated plastic film. Larvae were kept at 24°C,
70 £ 10% relative humidity, 12h photoperiod and fed daily on
elephant grass pollen moistened in distilled water. Pollen was
gathered at the Dairy Cattle field station and stored at 5°C in
hermetically sealed jars. Lacewing larvae were checked daily
to monitor survival and growth of each instar and through the
pupal stage.

Pollen diet resulted in complete development of the
lacewing. Average duration for the first and the second instars
was 6.9 days (d) each, the third instar lasted 10.0 d and the pupal
stage lasted 13.2 d (Figure 1). Other studies that used aphids
(Hemiptera, Aphididae), Schizaphis graminum (Rondani,
1852) - Fonseca et al. (2001); Rhopalosiphum maidis (Fitch,
1856) - Maia et al. (2004); Aphis gossyppi Glover, 1877 -
Costa et al. (2002) and Pessoa et al. (2004); Hyadaphis
foeniculi (Passerini, 1860) - Lira & Batista (2006); Cinara
spp. - Cardoso & Lazzari (2003), as prey for larval lacewings
had somewhat shorter intervals for development than in this

Revista Brasileira de Entomologia 54(4): 697-700, dezembro 2010

M Survival
Pupal phase [] Duration
v
% Larval phase
=
2,
=
g Third stage
2,
9]
©
% Second stage
a
First stage
T T T T T !
0 20 40 60 80 100

Mean duration (days) and survival (%)

Fig. 1. Mean duration (d) and survival (%) during the first through third
instars, total larval and pupal stages, of the lacewing Chrysoperla externa
(Hagen, 1861) (Neuroptera, Chrysopidae) fed on pollen from elephant grass
Pennisetum purpureum.

study: the first instar lasted 2.3-4.0 d, the second lasted 2.5-
3.3 d, the third lasted 3.5-5.4 d and the total larval stage lasted
10.0-11.1 d. Other hemipterans used as prey also resulted in
more rapid development [Bemisia tabaci (Gennadius, 1889)
(Aleyrodidae) - Auad et al. 2001, 2005 and Silva et al. 2004);
Dysmicoccus brevipes (Cockerell, 1893) (Pseudococcidae) -
Gongalves-Gervasio & Santa-Cecilia (2001)]. Moth larvae as
prey also resulted in faster development (Figueira et al. 2000;
Boregas et al. 2003; Bortoli ef al. 2006). Thus, while a diet
of pollen resulted in slowed growth, development to the adult
stage occurred, demonstrating that a pollen diet is a viable
alternative to C.externa larvae.

Survival on a pollen diet was also relatively high. During
instar 1 survival was 83.3%, instar 2 was 86.5% and instar
3 was 91.3%, for the total larval stage was 70% and for the
pupal stage was 33.3% (Fig. 1). These survival rates were
similar to published values when fed on moth larvae (Costa
et al. 2002) and when fed on a variety of other pest insects
(Figueira et al. 2000). Thus, while development rate may be
somewhat slower, survival rate was similar when comparing
pollen versus insect diets. However, the low survival rate
observed for the pupal stage suggests that a pollen diet may
be used as a supplement rather than a main diet. Therefore,
here we demonstrate that a pollen diet can be a viable
supplementary alternative for rearing the lacewing C. externa
larvae, reducing costs, and eliminating the need to rear large
amounts of insect prey.

For healthy development, nutritional demands of C.
externa include proteins, amino acids, carbohydrates, sugars,
vitamins and salts (Hagen & Tassan 1970; House 1977).
Pollen has around 14 carbohydrates (Panizzi & Parra 1991).
Pollen is also very digestible with as much as 60% protein
(Roulston & Cane 2000). Thus, pollen clearly can offer a
high quality diet during both immature and mature life stages.
Therefore, we recommend the use of pollen as an important
component in the diet for rearing large numbers of C. externa
in the laboratory.

Success of the lacewings in integrated pest management
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depends on the ability of the insect to survive and reproduce in
the places where they are released (Angelini & Freitas 2006).
This may explain why lacewing populations sometimes grow
while the plants are in flower. Exclusive use of pollen from
elephant grass can be sufficient to allow the complete growth
and development of the lacewing C. externa in the laboratory.
Thus, pollen, previously described as only an item in the diet
of adult lacewings, may also be an important supplement of
the diet in larval stages. This suggests that the maintenance
of pollen sources near crops of agricultural importance may
increase the survival of pest predators. Thus, we recommend
the use of pollen to develop rearing programs as well as
planting of pollen-rich plants near cultivation as a means of
providing a constant diet for the predators of plant pests.

REFERENCES

Agnew, C. W.; W. L. Sterling & D. A. Dean. 1981. Notes on the Chrysopidae
and Hemerobiidae of eastern Texas with keys for their identification.
The Southwestern Entomologist 4: 1-20.

Albuquerque, G. S.; C. A. Tauber & M. J. Tauber. 2001. Chrysoperla externa
and Ceraeochrysa spp.: potential for biological control in the New World
tropics and subtropics, p. 408-423. In: Mcewen, P.; T. R. New & A. E.
Whittington (eds.). Lacewings in the crop environment. Cambridge,
Cambridge University press, xxi+546 p.

Angelini, M. R. & S. Freitas. 2006. Efeito da escassez de alimento no
desenvolvimento pos-embrionario e no potencial reprodutivo de
Chrysoperla externa (Hagen) (Neuroptera: Chrysopidae) em laboratorio.
Bragantia 65: 129-137.

Auad, A. M.; C. F. Carvalho; B. Souza; R. Trevizani & C. M. F. R. Magalhaes.
2005. Desenvolvimento das fases imaturas, aspectos reprodutivos e
potencial de predacgdo de Chrysoperia externa alimentada com ninfas de
Bemisia tabaci bidtipo B em tomateiro. Acta Scientiarum Agronomy
27:327-334.

Auad, A. M.; L. C. Toscano; A. L. Boica Jr. & S. Freitas. 2001. Aspectos
biologicos dos estadios imaturos de Chrysoperia externa (Hagen)
e Ceraeochrysa cincta (Schneider) (Neuroptera: Chrysopidae),
alimentados com ovos e ninfas de Bemisia tabaci (Gennadius) bidtipo b
(Hemiptera: Aleyrodidae). Neotropical Entomology 30: 429-432.

Benjamin, R. K.; M. Blackwell; I. H. Chapela; R. A. Humber; K. G. Jones;
K. D. Klepzig; R.W. Lichtwardt; D. Malloch; J. W. Spatafora & A.
Weir. 2004. Insect and other arthropod associated fungi, p. 395-434. In:
Mueller, G. M.; G. F. Bills & M. S. Foster (eds.). Biodiversity of Fungi:
Inventory and Monitoring Methods. Burlington, Elsevier Academic
Press, xviii+777 p.

Berti Filho, E.; L. J. Ribeiro & M. B. Antonio. 2000. Crisopideos podem estar
atuando no controle da lagarta minadora dos citros. Revista Laranja 96:
12-13.

Boregas, K. G. B.; C. F. Carvalho & B. Souza. 2003. Aspectos biologicos
de Chrysoperla externa (Hagen, 1861) (Neuroptera: Chrysopidae) em
casa-de-vegetacdo. Ciéncia e Agrotecnologia 27: 7-16.

Bortoli, S. A.; A. C. Caetano; A. T. Murata & J. E. M. Oliveira. 2006.
Desenvolvimento e capacidade predatoria de Chrysoperla externa
(Hagen) (Neuroptera: Chrysopidae) em diferentes presas. Revista de
Biologia e Ciéncia da Terra 6: 145-152.

Canard, M. S. & M. M. Principi. 1984. Life histories and behavior, p. 92-100.
In: Canard, M.; Y. Séméria & T. R. New (eds.). Biology of Chrysopidae.
The Hague, Dr. W. Junk Publishers, iv+294 p.

Cardoso, J. T. & S. M. N. Lazzari. 2003. Development and consumption
capacity of Chrysoperla externa (Hagen) (Neuroptera, Chrysopidae)
fed with Cinara spp. (Hemiptera, Aphididae) under three temperatures.
Revista Brasileira de Zoologia 20: 573-576.

Carvalho, C. F. & B. Souza. 2000. M¢étodos de criagdo e producdo de
crisopideos, p. 91-109 In: Bueno V. H. P. (ed.). Controle Biolégico
de pragas: produ¢io massal e controle de qualidade. Lavras, Ufla,
vi+429 p.

Carvalho, G. A.; D. Bezerra; B. Souza & C. F. Carvalho. 2003. Efeitos de
inseticidas usados na cultura do algodoeiro sobre Chrysoperla externa
(Hagen) (Neuroptera: Chrysopidae). Neotropical Entomology 32:
699-706.

Chapman, R. F. 1998. Reproductive system: male, p. 268-294. /n: R. F.
Chapman (ed.). The insects: structure and fuction. Cambridge,
Cambridge University press, xii+772 p.

Cohen, A. C. & L. K. Smitih. 1998. A new concept in artificial diets for
Chrysoperla rufilabris: The efficacy of solid diets. Biological Control
13: 49-54.

Cohen, A. C. 1998. Solid-to-liquid feeding: the inside(s) story of extra-oral
digestion in predaceous arthropoda. American Entomologist 44: 103—
116.

Costa, N. de L.; C. A. Gongalves. 1988. Epocas de vedagdo e utilizagdo
de capineiras de capim-elefante em Porto Velho, Rondonia. Pastures
Tropicales 10: 34-37.

Costa, R. I. F.; C. C. Ecole; J. J. Soares & L. P. M. Macedo. 2002. Duragdo
e viabilidade das fases pré-imaginais de Chrysoperla externa (Hagen)
alimentada com Aphis gossypii Glover e Sitotroga cerealella (Oliver).
Acta Scientiarum 24: 353-357.

Figueira, G. K.; C. F. Carvalho & B. Souza. 2000. Biologia e¢ exigéncias
térmicas de Chrysoperla externa (Hagen, 1861) (Neuroptera:
Chrysopidae) alimentada com ovos de Alabama argillacea (Hubner,
1818) (Lepdoptera: Noctuidae). Ciéncia e Agrotecnologia 24: 319—
326.

Fonseca, A. R.; C. F. Carvalho & B. Souza. 2001. Capacidade predatoria e
aspectos biologicos das fases imaturas de Chrysoperla externa (Hagen,
1861) (Neuroptera: Chrysopidae) alimentada com Schizaphis graminum
(Rondani, 1852) (Hemiptera: Aphididae) em diferentes temperaturas.
Ciéncia e Agrotecnologia 25: 251-263.

Freitas, S. 2001. Criagéo de crisopideos (Bicho-lixeiro) em laboratorio.
Jaboticabal, Funep, i+20 p.

Gepp, J. 1984. Morphology and anatomy of preimaginal stages of
Chrysopidae: a short survey, p. 9-19. In: M. Canard, M.; Y. Séméria
& T. R. New (eds.). Biology of Chrysopidae. The Hague, Dr. W. Junk
Puplisher, ii+294 p.

Gitirana Neto, J.; C. F. Carvalho; B. Souza & L.V. C. Santa-Cecilia. 2001.
Flutuagdo populacional de espécies de Ceraeochrysa Adams, 1982
(Neuroptera: Chrysopidae) em citros, na regido de Lavras-MG. Ciéncia
e Agrotecnologia 25: 550-559.

Gongalves-Gervasio, R. C. & L.V.C. Santa-Cecilia. 2001. Consumo alimentar
de Chrysoperla externa sobre as diferentes fases de desenvolvimento
de Dysmicoccus brevipes, em laboratorio. Pesquisa Agropecuaria
Brasileira 37: 387-391.

Hagen, K. S. & R. L. Tassan. 1970. The influence of food wheast and related
Saccharomyces fragilis yeast products on the fecundity of Chrysoperla
carnea (Neuroptera: Chrysopidae). Canadian Entomologist 86: 315—
320.

House, H. L. 1977. Nutrition of natural enemies, p. 151-182. /n: Ridgway,
R. L.& S. B. Vinson (eds.). Biological control by augmentation of
natural enemies. New York, Plenum Press, 480 p.

Lira, R. S. & J. L. Batista. 2006. Aspectos biologicos de Chrysoperla externa
(Hagen, 1861) (Neuroptera: Chrysopidae) alimentados com pulgdes de
erva-doce. Revista de Biologia e Ciéncia da Terra 6: 20-35.

Maia, W. J. M. S.; C. F. Carvalho; I. Cruz; B. Souza & T. J. A. Maia. 2004.
Influéncia da temperatura no desenvolvimento de Rhopalosiphum maidis
(Fitch, 1856) (Hemiptera: Aphididae) em condi¢des de laboratorio.
Ciéncia e Agrotecnologia 28: 520-529.

Oliveira, J. E. M.; J. B. Torres; A. F. Carrano-Moreira & F. S. Ramalho.
2002. Biologia de Podisus nigrispinus predando lagartas de Alabama
argillacea em campo. Pesquisa Agropecuaria Brasileira 1: 7-14.

Panizzi, A. R. & J. R. P. Parra. 1991. Ecologia nutricional de insetos e suas
implicacdes no manejo de pragas. Sao Paulo, Manole, 359 p.

Pereira, A. V.; C. B. Valle; R. P. Ferreira & J. W. Miles. 2001. Melhoramento
de forrageiras tropicais, p. 549—-602. In: Nass, L. L.; C. C. Valois; .
S. Melo & M. C. Valadares-Ingres (eds.). Recursos genéticos e
melhoramento de plantas. Rondonopolis, Fundagdo Mato Grosso,
xviii+1183 p.

Pessoa, L. G. A.; B. Souza; C. F. Carvalho & M. G. Silva. 2004. Aspectos
da biologia de Aphis gossypii Glover, 1877 (Hemiptera: Aphididae)
em quatro cultivares de algodoeiro, em laboratorio. Ciéncia e

Revista Brasileira de Entomologia 54(4): 697-700, dezembro 2010



700

Oliveira et al.

Agrotecnologia 28: 1235-1239.

Ribeiro, M. J.; C. F. Carvalho & J. C. Matioli. 1991. Influéncia da alimentagao
larval sobre a biologia dos adultos de Chrysoperla externa (Hagen,
1861) (Neuroptera: Chrysopidae). Ciéncia e Pratica 15: 349-354.

Roulston, T. H. & J. H. Cane. 2000. Pollen nutritional content and digestibility
for animals. Plant Systematic and Evolution 222: 187-209.

Sheldon, J. K. & E. G. MacLeod. 1971. Studies on the biology of the
Chrysopid II. The feeding behavior of the adult of Chrysopa carnea
(Neuroptera). Psyche 78: 107-121.

Silva, C. G.; A. M. Auad; S. Souza; C. F. Carvalho & J. P. Bonani. 2004.
Desenvolvimento das fases imaturas de Chrysoperia externa (Hagen,
1861) (Neuroptera: Chrysopidae) alimentadas com ninfas de Bemisia

Received 18/06/2009; accepted 14/10/2010
Editor: Paulo Roberto Valle da Silva Pereira

Revista Brasileira de Entomologia 54(4): 697-700, dezembro 2010

tabaci (Gennadius, 1889) Bidtipo B (Hemiptera: Aleyrodidae) criadas
em trés hospedeiros. Pesquisa Agropecuaria Brasileira 39: 1065—
1070.

Tauber, M. J.; C. A. Tauber; K. M. Daane & K. S. Hagen. 2000.
Commercialization of predators: Recent lesson from green lacerwings
(Neuroptera: Chrysopidae: Chrysoperla). American Entomologist 46:
26-38.

Venzon, M.; M. C. Rosado; D. E. Euzébio; B. Souza & J. H. Schoereder.
2006. Suitability of leguminous cover crop pollens as food source
for the green lacerwing Chrysoperla externa (Hagen) (Neuroptera:
Chrysopidae). Neotropical Entomology 35: 371-376.



