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Abstract

Mass-rearing of beneficial arthropods often requires a multitrophic system for the rearing of entomophagous species. The use of
artificial diets can facilitate this work by simplifying the number of elements in the system. Rearing Dinocampus coccinellae
(Schrank) (Hymenoptera Braconidae), a parasitoid of different ladybird species, requires four elements: plants where the prey is
reared, prey (i.e. aphids), hosts that feed on that prey (such as ladybirds) and the said parasitoids. This study attempted to simplify
this rearing system by feeding the host, for a part of its life, with an artificial diet. A series of life history parameters was meas-
ured in 3 generations of parasitoid rearing. Results show that the host’s food, parasitoid generation, or interaction between these
two factors, does not affect the yield of D. coccinellae adults. However, the time of development became longer and the adult
lifespan (of second generation) became shorter with artificial food. Overall, the data seems to suggest that it is possible to simplify
a multitrophic system without great consequences on the performance of parasitoids, if the nutritional needs of the species are

supported.
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Introduction

The mass-rearing and release of beneficial arthropods
are the fundamentals of augmentative biological control
(King, 1993; Elzen and King, 1999; Morales-Ramos and
Rojas, 2003). In advantageous systems, the costs of
mass-rearing are balanced by the economic and envi-
ronmental benefits of the use of the beneficial species.
Insects have similar basic nutritional requirements, re-
gardless of the type of food consumed (Thompson and
Hagen, 1999; Nation, 2002). However, rearing predato-
ry and parasitic insects requires the additional step of
rearing prey/hosts. Many of the current methods need a
tritrophic system of rearing: the host plant, the natural
prey (usually a herbivorous pest) and the entomopha-
gous insect. This situation doubles the costs of rearing
due the production of two species, plant and pest, in or-
der to obtain a third one of interest (Van Driesche and
Bellows, 1996). Predatory arthropods can develop and
reproduce on easy-to-rear factitious prey, which has
been often used in their mass-rearing (Van Driesche and
Bellows, 1996). Many of these commercial natural en-
emies are omnivores and feed not only on different
prey, but also on different plant derived food such as
pollen, nectar, fruit and leaves (Dixon, 2001; Coll and
Guershon, 2002; Lundgren, 2009). Examples include
the insidious flower bug Orius insidiosus (Say) and the
ladybird species Harmonia axyridis Pallas, Coleomegil-
la maculata (DeGeer) and Hippodamia convergens
Guerin-Meneville (Lundgren, 2009). Parasitoids are
able to complete their development in a single host, if
this supplies all nutritional needs; but in many cases
they are capable, by the actions of venom, of inducing
changes in their host’s chemistry (Morales-Ramon et
al., 1995; Quicke, 1997).

Developing artificial diets is a way to simplify and
make more cost-effective the mass production of bene-
ficial predators and parasitoids. However, when artifi-

cial diets are less nutritious than the natural prey or
hosts (Grenier, 2009), then their quality as biological
control agents decreases (Grenier and De Clercq, 2003;
Riddick, 2009). In the last years, numerous studies were
aimed at improving an artificial diet tailored to the de-
velopment requirements of entomophagous species
(Riddick and Chen 2014; De Clercq et al., 2014; Dindo
and Grenier, 2014), but few attempts at rearing parasi-
toid hymenopterans were successful (Xie et al., 1989;
Magro and Parra, 2004).

Dinocampus coccinellae (Schrank) (Hymenoptera
Braconidae) (supplemental material figure S1) is a cos-
mopolitan solitary hymenoptera parasitoid of adult la-
dybirds belonging to the subfamily Coccinellinae
(Ceryngier et al., 2012), including H. axyridis both in
native (Park et al., 1996) and introduced areas (Firlej et
al., 2005; Berkvens et al., 2010; Dindo et al., 2016a).
Females usually reproduce by thelytokous parthenogen-
esis (Ceryngier et al., 2012) and they oviposit in adult
ladybirds. However, when adult hosts are scarce, they
can also parasitize larvae and pupae (Smith, 1960; Mae-
ta, 1969; Francati, 2015). The rate of parasitism of lady-
birds by D. coccinellae may fluctuate considerably de-
pending on the location, season, host species and, within
the same species, host age and diet (Ceryngier et al.,
2012; Maure et al., 2016). During most of its develop-
ment, the D. coccinellae larva does not feed directly on
the host’s tissues (Sluss; 1968; Dahlman et al., 2003).
As a consequence, most of the host’s organs remain in-
tact and the host can survive some days after the last in-
star larva emerges (Triltsch, 1996).

H. axyridis, originated from Asia (Kock, 2003), is an
active predator of aphid and coccid pests introduced (in-
tentionally or accidentally) in different countries
(Brown et al., 2011). The mass rearing of this species is
relatively flexible; it can be fed on a variety of aphid
species (Hodek and Evans, 2012), but also with eggs of
various Lepidoptera (Specty et al., 2003), pollen
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(Berkvens et al., 2008) and some artificial diets (Dong
et al., 2001; Sighinolfi et al., 2008; 2013). However,
different foods produce differences in the biochemical
composition of the adult. Specty et al. (2003) found that
H. axyridis reared on aphids Acyrthosiphon pisum (Har-
ris) had lower protein content in their body than those
reared on the eggs of the factitious prey Ephestia ku-
ehniella Zeller, whereas Sighinolfi et al. (2013) found
that newly emerged females reared on pork liver-based
artificial diet showed a higher amount of fatty acids than
those reared on E. kuehniella eggs.

This work is an attempt to simplify the multitrophic
system required for the mass-rearing of a ladybird Hy-
menoptera parasitoid. It investigates the effects of rear-
ing ladybirds on an artificial diet during their adult life,
on the development and performance of the parasitoid in
3 generations. The study was performed using the
braconid wasp D. coccinellae as a parasitoid and the
H. axyridis as host.

Materials and methods

Rearing of Harmonia axyridis

A colony of H. axyridis was started from eggs laid by
females collected in the field in Bologna (Emilia-
Romagna region, Italy, 44°48'39"N 11°37'84"E) in
April 2010. The colony was maintained in the laborato-
ry of the Department of Agricultural and Food Sciences
(DISTAL), University of Bologna (Italy), in a rearing
chamber at 26 £ 1 °C, 65 = 5 RH and 16:8 L:D. As de-
scribed by Dindo et al. (2016a), all stages of a standard
ladybird colony were fed ad libitum with Myzus persi-
cae Sulzer reared on Pisum sativum L. (supplemental
material figure S2).

Rearing of Dinocampus coccinellae

A colony of D. coccinellae was started from individu-
als that emerged in September 2010, from field-collected
H. axyridis; the same species was used as host to main-
tain the colony. As described by Dindo et al. (2016a),
the parasitoid adults were maintained in a Plexiglas cage
(20 x 20 x 20 cm) and fed with tiny honey drops, in a
rearing chamber at 26 £ 1 °C, 65 = 5 RH and 16:8 L:D.
Weekly, adults of H. axyrydis were exposed to D. coc-
cinellae (ratio: 10 ladybirds/1 parasitoid, during 1 h), af-
ter which the hosts were removed and maintained in a
plastic box until the parasitoid’s cocoon detection
(supplemental material figure S3). The ladybirds were
fed with E. kuehniella eggs ad libitum (supplemental
material figure S4), eggs were preferred to aphids be-
cause they facilitate the detection of new cocoons, hav-
ing fewer places to hide.

Experimental design

For the experiment, cocoons of D. coccinellae from
the mother colony were placed individually in a plastic
cylinder (20 cm height, 9 cm diameter) and maintained
in the same conditions as the colony, until the trials,
2 days after emergence. Pupae of H. axyridis were taken
from the mother colony, placed in a plastic box and
checked daily. When the ladybird adults emerged, they
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were divided randomly into two groups of 5 individuals.
The first group was fed with a pork liver-based artificial
diet, specifically developed by Sighinolfi et al. (2013) in
order to improve the performances of a previous diet
(Sighinolfi et al., 2008) and to increase the yield of the
rearing of this species (supplemental material figure SS5).
The diet was integrated with a cotton ball soaked in wa-
ter. The second group was fed with frozen E. kuehniella
eggs and maintained as control. Each group of ladybirds
was reared in a plastic box (5 x 10 x 15 cm) until
2-4 days of life.

For each replicate, 10 H. axyridis were exposed to
1 D. coccinellae, in the rearing cylinder, for one hour
(supplemental material figure S6). After the exposure,
the ladybirds were removed, replaced in a plastic box
and monitored daily for 30 days, in order to check
cocoon emergence or ladybird death. In the first 20 tri-
als (parental generation), 20 adults of parasitoid and 100
adults of ladybird, of both sex, were used. Afterwards,
10 replicates were performed for F1 generation and 10
replicates for F2 generation; in both cases 10 parasitoids
and 50 ladybirds were used.

Parameters

In order to evaluate the possible effect of host food
(artificial diet and E. kuehniella eggs) on the develop-
ment of D. coccinellae larvae, the yields and the time of
development of the parasitoid were analysed. The yields
were estimated in terms of: percentage of cocoons
emerged from the hosts (number of cocoons/number of
ladybirds exposed); percentage of adult parasitoids
(mumber of emerged adult parasitoids/number of co-
coons); total percentages of adults (number of adult par-
asitoids/number of ladybirds exposed). The percentage
of survival of H. axyridis exposed was also considered.
The times (in days) were calculated: from the exposure
of the hosts to the parasitoid cocoons detection; from
the cocoon detection to the adult emergence; total de-
velopment time (from host exposure to adult emer-
gence); adult D. coccinellae lifespan.

The number of cocoons found, the adults emerged
(from cocoons), the adult yields (on the original number
of ladybirds exposed) and the survival of H. axyridis
were analysed by 2 x 2 contingency tables. The devel-
opment times (for all treatments) and adult lifespan
were analysed by a factorial analysis of variance (Zar,
1984). The effects of food (E. kuehniella eggs or artifi-
cial diet) and generation (parental, F1 and F2) were test-
ed by 2 x 3 factors analysis. All statistical tests were
done with STATISTICA software for Windows
(StatSoft, 2011).

Results

The yield of D. coccinellae adults was not statistically
different among the parameters considered (figure 1).
The percentages (+ SE) of cocoons detected, on the total
number of H. axyridis exposed, showed no difference in
terms of the food of the hosts (F = 0.06, df = 1.73,
P = 0.81), the effects of the generations of the parasitoid
(F=2.01, df = 2.73, P = 0.14) or the interaction between
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Figure 1. Percentage yield (+ SE) of D. coccinellae in H. axyridis reared on two different types of food (frozen
E. kuehniella eggs or artificial diet). FO = parental generation; F1 = first generation; F2 = second generation.
Cocoon = cocoons found on total number of ladybirds exposed; Emergence adults = parasitoid adult emergence
from the cocoons obtained; Adult yields = adult yields on total number of ladybirds exposed; Alive H. axyridis =
percentage of ladybirds alive at the end of experimentation. The number of replicates is given in parenthesis, means
in a column followed by the same letters are not significantly different.

these two factors (F = 1.83, df = 2.73, P = 0.16). Simi-
larly, the yield of adults from these cocoons was high
(figure 1) and was not influenced by the food of the
hosts (F = 0.34, df = 1.58, P = 0.56), the generations of
the parasitoid (F = 0.35, df = 2.58, P = 0.71) or the in-
teraction between these two factors (F = 0.07, df = 2.58,
P = 0.93). The percentages of parasitoid adults obtained
(+ SE), on the total number of H. axyridis exposed, was
also unaffected by the food type of the hosts (F = 0.90,
df = 1.66, P = 0.35), the generations of the parasitoid
(F = 0.60, df = 2.66, P = 0.55) or the interaction be-
tween these two factors (F = 0.16, df = 2.66, P = 0.85).
Finally, the survival percentages of H. axyridis was low
(figure 1) but was not influenced by the food type
(F=0.19, df = 1.73, P = 0.66). Moreover, no significant
differences on the efficacy of the parasitoids, on the
number of exposed hosts, were found between the gen-
erations (F = 0.65, df = 2.73, P = 0.53) or interaction
between the factors (F = 0.43, df =2.73, P = 0.64).
Results show that the time of development and adult
lifespan were, to some extent, affected by the food type,
the generations or their interaction (figure 2). The data
concerning the mean time (£ SE) from host exposure to
D. coccinellae cocoon detection did not show any statis-
tical difference between the two groups if we consider
the food of the hosts (F = 0.25, df = 1.59, P = 0.62), the
effects during the generations of the parasitoid
(F = 0.57, df = 2.59, P = 0.95) or the interaction be-
tween the two factors (F = 0.75, df = 2.59, P = 0.48).
However, the mean time (= SE) from cocoon detection
to parasitoid adult emergence was statistically different
between generations (F = 4.86, df = 2.52, P = 0.01), but
not due to the host’s food type (F = 0.26, df = 1.52,

P = 0.61) or the interaction between the two factors
(F=1.69, df = 2.52, P = 0.19). The mean time from co-
coon to adult was longer in F1 and shorter in F2
(F=4.73, df =2.55, P = 0.012) (figure 3). The total de-
velopment time was influenced both by the food effect
(F=4.27,df =1.52, P = 0.04) and by the generation ef-
fect (F = 6.36, df = 2.52, P = 0.003). Development time
was longer for the parasitoids reared on diet-fed
H. axyridis (F = 5.49, df = 1.56, P = 0.02) and shorter
for the F2 parasitoids (F = 6.69, df = 2.55, P = 0.0025)
(figure 3). Lastly, the parasitoid lifespan was signifi-
cantly affected by the generation (it was shorter in F2
parasitoids, F =15.07, df =2.51, P = 0.00001) and less by
the interaction between food and generation (F = 3.33,
df = 2.51, P = 0.04); no effect was found for the host’s
food (F = 0.72, df = 1.51, P = 0.40).

Discussion and conclusions

Mass-rearing is a complex process that involves a mul-
tidisciplinary approach and requires a considerable eco-
nomic investment in technology, facilities and qualified
personnel. Developing an artificial rearing system for
parasitoids involves more than supplying a high quality
artificial diet to the immature stages or to their hosts; it
also requires understanding the nutritional needs im-
posed by host-parasitoid interactions (Consoli and Parra
1999; Dindo et al., 2016b).

This experiment was aimed at improving and simpli-
fying the parasitoid’s rearing, building on previous suc-
cessful studies where E. kuehniella eggs were used as
food for the hosts instead of aphids (Dindo et al., 2016a).

289



30

(16)
25
B FO
© BF1
6
2 | caoy gy QD) oF2

a a a

a a

=
o

Development time (in days)
=
o

E. kuehniella
eggs

From cocoon to adult ‘

E. kuehniella Artificial diet Artificial diet
eggs

From exposure to cocoon ‘

E. kuehniella
eggs

From exposure to adults

E. kuehniella  Artificial diet
eggs

‘ Parasitoid adult lifespan (**)

Artificial diet
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These E. kuehniella eggs were chosen because contain
more amino acids and lipids compared to the aphid
A. pisum used to rear H. axyridis (Specty et al., 2003),
although this aphid contains a greater percentage of gly-
cogen. In addition, the eggs of this Lepidoptera have a
positive effect on the growth and reproduction of this
ladybird (Specty et al., 2003). However, if fed over
many generations on Ephestia eggs, it could show a re-
duction in the capacity of larvae to search and kill its
natural prey (Ettifouri and Ferran, 1993; Ferran et al.,
1997).

The artificial diet tested (Sighinolfi et al., 2013) is
easy to prepare and cheap compared to E. kuehniella
eggs. Results showed that it is possible to rear D. coc-
cinellae on H. axyridis adults fed with an artificial diet
and this may allow to speed up and facilitate parasitoid
rearing. The yield and the survival of the parasitoid
were not influenced by the host’s food, and D. coccinel-
lae could develop up to 2 generations without major
impact on the adult yields. Notwithstanding, the total
development time (from host exposure to adult emer-
gence) and the adult parasitoid lifespan were influenced
by the host’s food. The total development time was
longer in the group fed with artificial diet and the adult
parasitoid lifespan was longer for parasitoids obtained
from H. axyridis fed on an artificial diet, in F1 and F2
generations.

A possible explanation for these differences could re-
late to a different chemical composition of the hosts,
although this hypothesis would require further study. In
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this study, the H. axyridis were 2-4 days old and fed on
an artificial diet or E. kuehniella eggs, in which time the
host's gonads matured and the body fats stored lipids
(Kock, 2003). The diet used to feed H. axyridis adults in
this research was an attempt to improve a previous diet
(Sighinolfi et al., 2008) and it has a different composi-
tion in fatty acids compared to the eggs of E. kuehniella
(Sighinolfi et al., 2013). Lipids are mainly considered as
a source of metabolic energy, but they are also neces-
sary for development and reproduction, and are essential
structural components of the cell membrane (House,
1961; Agosin, 1978; Downer, 1978; Chapman, 1998).
As reported by different authors, the fatty acid composi-
tion of adult insects reflects the composition of their diet
(Cohen, 1990; Iriarte and Castane, 2001; Specty et al.,
2003; Zapata et al., 2005; Sighinolfi et al., 2008).
Moreover, some species of parasitoid show a similarity
of lipid composition with their host and this suggests
that host lipids may be absorbed with few modifications
(Delobel and Pageaux, 1981; Grenier, 2012). During
their development, D. coccinellae larvae feed on the
gonads and fat bodies of their host (Triltsch, 1996) and
it is possible that the different quality of fatty acids pre-
sent in the two groups affected over time the develop-
ment of the larvae and their adult lifespan.

This experiment was not aimed at making a compari-
son with aphid-fed adults of H. axyridis or at rearing
ladybirds for their whole development on an artificial
diet or E. kuehniella eggs, although this would be an
interesting approach for future tests. However, it does
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lay the basis for such studies since the results show that
it is possible to rear a parasitoid in a simplified multi-
trophic system, without significant quality reductions in
the “fitness/yield” of parasitoids, at least in a first gen-
eration that might be relevant for biological control pro-
grams. Parasitoids reared on artificial media for a long
time often show a reduction in quality (Grenier and De
Clercq, 2003; Marchetti et al., 2008; Riddick, 2009). To
reduce or eliminate this risk, it would also be interesting
to analyse in future studies if, as some research (Dheilly
et al., 2018) suggests, the Dinocampus coccinellae pa-
ralysis virus (DcPV), injected by this parasitoid inside
the host, is really able to manipulate the physiology of
the host.

Artificial diets for entomophagous arthropods have
seldom been used in commercial mass production, but
rather to facilitate biological research (Cohen, 2001).
Nevertheless, a good knowledge of the biological and
physiological necessity of these species is the key to
subsequently improve their mass production.

Acknowledgements

This research was funded by the Italian Ministry of Ed-
ucation and Research (PRIN Project 2010-2011: “In-
sects and globalization: sustainable control of exotic
species in agro-forestry ecosystems” GEISCA). Thanks
to Maria Luisa Dindo for her precious support and en-
couragement in preparing this paper.

References

AGOSIN M., 1978.- Functional role of proteins, pp. 57-92. In:
Biochemistry of insects (ROCKSTEIN M., Eds).- Academic
Press, New York, USA.

BERKVENS N., BONTE J., BERKVENS D., DEFORCE K., TIRRY L.,
DE CLERCQ P., 2008.- Pollen as an alternative food for Har-
monia axyridis.- BioControl, 53: 201-210.

BERKVENS N., MOENS J., BERKVENS D., SAMIH M. A., TIRRY
L., DE CLERCQ P., 2010.- Dinocampus coccinellae as a para-
sitoid of the invasive ladybird Harmonia axyridis in Eu-
rope.- Biological Control, 53: 92-99.

291



BrOWN P. M., THOMAS C. E., LOMBAERT E., JEFFRIES D. L.,
Estoup A., HANDLEY L.-J. L., 2011.- The global spread of
Harmonia axyridis (Coleoptera: Coccinellidae): distribution,
dispersal and routes of invasion.- BioControl, 56: 623-641.

CERYNGIER P., Roy H. E., PoLAND R. L., 2012.- Natural ene-
mies of ladybird beetles, pp. 375-444. In: Ecology and be-
haviour of the ladybird beetles (Coccinellidae) (Hopex I.,
VAN EMDEN H. F., HONEK A., Eds).- Blackwell Publishing
Ltd, Oxford, UK.

CHAPMAN R. F., 1998.- The insects, fourth ed.- Cambridge
University Press, Cambridge, UK.

COHEN A. C., 1990.- Fatty acid distribution as related to adult
age, sex and diet in the phytophagous heteropteran, Lygus
hesperus.- Journal of Entomological Science, 25: 75-84.

COHEN A. C., 2001.- Formalizing insect rearing and artificial
diet technology.- American Entomologist, 47: 198-206.

CoLL M., GUERSHON M., 2002.- Omnivory in terrestrial ar-
thropods: mixing plant and prey diets.- Annual Review of
Entomology, 47: 267-297.

ConsoLI F. L., PARRA J. R. P., 1999.- In vitro rearing of para-
sitoids: Constraints and perspectives.- Trends in Entomolo-
ay, 2: 19-32.

DaAHLMAN D. L., RANA R. L., SCHEPER E. J., SCHEPER T., DI-
LUNA F. A., WEBB B. A., 2003.- A teratocyte gene from a
parasitic wasp that is associated with inhibition of insect
growth and development inhibits host protein synthesis.- In-
sect Molecular Biology, 12: 527-534.

DE CLERCQ P., CoUuDRON T. A., RIDDICK E. W., 2014.- Produc-
tion of heteropteran predators, pp. 57-100. In: Mass produc-
tion of beneficial organisms: invertebrates and entomopath-
0gens (MORALES-RAMOS J. A., Rojas M. G., SHAPIRO-ILAN
D. L., Eds).- Elsevier, Amsterdam, The Netherlands.

DELOBEL B., PAGEAUX J. F., 1981.- Influence de 1'alimentation
sur la composition en acides gras totaux des Diptéres Tachi-
naires.- Entomologia Experimentalis et Applicata, 29: 281-
288.

DHEILLY N. M., MAURE F., RAVALLEC M., GALINIER R.,
DoyoN J., DuvAL D., LEGER L., VOLKOFF A.-N., MISSE D.,
NIDELET S., DEMOLOMBE V., BRODEUR J., GOURBAL B.,
THoMAS F., MITTA G., 2018.- Who is the puppet master?
Replication of a parasitic wasp-associated virus correlates
whit host behaviour manipulation.- Proceeding of the Royal
Society B, 282:20142773.

DNnDO M. L., GRENIER S., 2014.- Production of dipteran para-
sitoids, pp. 101-143. In: Mass production of beneficial or-
ganisms: invertebrates and entomopathogens (MORALES-
RaMos J. A., Rojas M. G., SHAPIRO-ILAN D. 1., Eds).- Else-
vier, Amsterdam, The Netherlands.

DINDO M. L., FRANCATI S., LANZONI A., D1 VITANTONIO C.,
MARCHETTI E., BURGIO G., MAINI S., 2016a.- Interactions
between the multicolored Asian lady beetle Harmonia
axyridis and the parasitoid Dinocampus coccinellae.- In-
sects, 7 (4): 67.

DINDO M. L., VANDICKE J., MARCHETTI E., SPRANGHERS T.,
BONTE J., DE CLERCQ P., 2016b.- Supplementation of an arti-
ficial medium for the parasitoid Exorista larvarum (Diptera:
Tachnidae) with hemolymph of Hermetia illucens (Diptera:
Stratiomyidae) or Antheraea pernyi (Lepidoptera: Saturni-
idae).- Journal of Economic Entomology, 109: 602-606.

DixoN A. F. G., 2001.- Insect predator-prey dynamics: lady
beetles and biological control.- Cambridge University Press,
Cambridge, UK.

DONG H., ELLINGTON J. J., REMMENGA M. D., 2001.- An artifi-
cial diet for the lady beetle Harmonia axyridis Pallas (Cole-
optera: Coccinellidae).- Southwestern Entomologist, 26:
205-213.

DowNER R. G., 1978.- Functional role of lipids in insects, pp.
57-92. In: Biochemistry of insects (ROCKSTEIN M., Ed.).-
Academic Press, New York, USA.

292

ELZEN G. W., KING E. G., 1999.- Periodic releases and manip-
ulation of natural enemies, pp. 253-270. In: Handbook of bi-
ological control (BELLows T. S., FISHER T. W., Eds).- Aca-
demic Press, San Diego, USA.

ETTIFOURI M., FERRAN A., 1993.- Influence of larval rearing diet
on the intensive searching behaviour of Harmonia axyridis
(Col.: Coccinellidae) larvae.- Entomophaga, 38: 51-59.

FERRAN A., GAMBLER J., PARENT S., LEGENDRE K., TOURNIERE
R., GIUGE L., 1997.- The effect of rearing the ladybird Har-
monia axyridis on Ephestia kuehniella eggs on the response
of its larvae to aphid tracks.- Journal of Insect Behavior, 10:
129-144.

FIRLEJ A., BolvIN G., Lucas E., CODERRE D., 2005.- First re-
port of Harmonia axyridis Pallas being attacked by Di-
nocampus coccinellae Schrank in Canada.- Biological Inva-
sions, 7: 553-556.

FRANCATI S., 2015.- Native preimaginal parasitism of Harmo-
nia axyridis: new record of association with Phalacrotopho-
ra fasciata in Italy.- Bulletin of Insectology, 68: 3-6.

GRENIER S., 2009.- In vitro rearing of entomophagous insects -
past and future trends: a minireview.- Bulletin of Insectolo-
gy, 62: 1-6.

GRENIER S., 2012.- Artificial rearing of entomophagous in-
sects, with emphasis on nutrition and parasitoids.- Karael-
mas Science and Engineering Journal, 2: 1-12.

GRENIER S., DE CLERCQ P., 2003.- Comparison of artificially
vs. naturally reared natural enemies and their potential for
use in biological control, pp. 115-131. In: Quality control
and production of biological control agents theory and test-
ing procedures (VAN LENTEREN J. C., Ed.).- CABI Publish-
ing, Oxford, UK.

HobDEexk 1., Evans E. W., 2012.- Food relationship, pp. 142-
243. In: Ecology and behaviour of the ladybird beetles
(Coccinellidae) (Hopek I., VAN EMDEN H. F., HONEK A.,
Eds).- Blackwell Publishing Ltd, Oxford, UK.

Housg H. L., 1961.- Insect nutrition.- Annual Review of En-
tomology, 6: 13-26.

IRIARTE J., CASTANE C., 2001.- Artificial rearing of Dicyphus
tamaninii Wagner (Heteroptera: Miridae) on a meat-based
diet.- Biological Control, 22: 98-102.

KING E. G., 1993.- Augmentation of parasites and predators
for suppression of arthropod pests, pp. 90-100. In: Pest
management: biologically based technologies (LUMSDEN R.
D., VAUGHN J. L., Eds).- Conference Proceedings Series,
American Chemical Society, Washington, USA.

Kock R. L., 2003.- The multicolored Asian lady beetle, Har-
monia axyridis: a review of its biology, uses in biological
control, and non-target impacts.- Journal of Insect Science,
3:16-32.

LUNDGREN J. G., 2009.- Relationship of natural enemies and
non-prey foods.- Springer International, Dordrecht, The
Netherlands.

MAETA Y., 1969.- Biological studies on the natural enemies of
some coccinellid beetles. 1. On Perilitus coccinellae
(Schrank).- Tohoku Konchu Kenyu, 4: 1-6.

MAGRO S. R., PARRA J. R. P., 2004.- Comparison of artificial
diets for rearing Bracon hebetor Say (Hymenoptera: Braco-
nidae).- Biological Control, 29: 341-347.

MARCHETTI E., BARONIO P., DINDO M. L., 2008.- In vitro rear-
ing of the tachinid parasitoid Exorista larvarum with exclu-
sion of the host insect for more than one generation.- Bulle-
tin of Insectology, 61: 333-336.

MAURE F., THOMAS F., DOYON J., BRODEUR J., 2016.- Host
nutritional status mediates degree of parasitoid virulence.-
Oikos, 125: 1314-1323.

MORALES-RAMOS J. A., Rojas M. G., 2003.- Natural enemies
and pest control: an integrated pest management concept,
pp. 17-39. In: Predators and parasitoids (KouL O., DHALI-
WAL G. S., Eds).- Taylor & Francis, London, UK.



MORALES-RAaMOS J. A., Rojas M. G., KING E. G., 1995.- Ven-
om of Catolaccus grandis (Hymenoptera: Pteromalidae) and
its role in parasitoid development and host regulation.- An-
nals of Entomological Society of America, 88: 800-808.

NATION J. L., 2002.- Insect physiology and biochemistry.-
CRC Press, Boca Raton, USA.

PARK H., PARK Y. C., HONG O. K., CHO S. Y., 1996.- Parasi-
toids of the aphidophagous ladybeetles, Harmonia axyridis
(Pallas) (Coleoptera: Coccinellidae) in Chuncheon areas,
Korea.- Korean Journal of Entomology, 26: 143-147.

QUICKE D., 1997.- Parasitic wasps.- Chapman and Hall, Lon-
don, UK.

RippICK E. W., 2009.- Benefit and limitations of factitious
prey and artificial diets on life parameters of predatory bee-
tles, bugs, and lacewings: a mini-review.- BioControl, 54:
325-339.

Riopick E. W., CHEN H., 2014.- Production of coleopteran
predators, pp 17-55. In: Mass production of beneficial or-
ganisms: invertebrates and entomopathogens (MORALES-
RaMos J. A., Rojas M. G., SHAPIRO-ILAN D. 1., Eds).- Else-
vier, Amsterdam, The Netherlands.

SIGHINOLFI L., FEBRAY G., DINDO M. L., REY M., PAGEAUX J.-
F., BARONIO P., GRENIER S., 2008.- Biological and biochem-
ical characteristics for quality control of Harmonia axyridis
(Pallas) (Coleoptera, Coccinellidae) reared on a liver-based
diet.- Archives of Insect Biochemistry and Physiology, 68:
26-39.

SIGHINOLFI L., FEBVAY G., DINDO M. L., REY M., PAGEAUX J.
F., GRENIER S., 2013.- Biochemical content in fatty acids
and biological parameters of Harmonia axyridis reared on
artificial diet.- Bulletin of Insectology, 66: 283-290.

SLuss R., 1968.- Behavioral and anatomical responses of the
convergent lady beetle to parasitism by Perilitus coccinellae
(Schrank) (Hymenoptera: Braconidae).- Journal of Inverte-
brate Pathology, 10: 9-27.

SMiTH B. C., 1960.- Note on parasitism of two coccinellids,
Coccinella trifasciata perplexa Muls. and Coleomegilla
maculata lengi Timb. (Coleoptera: Coccinellidae) in Ontar-
io.- The Canadian Entomologist, 92: 652.

SPECTY O., FEBVAY G., GRENIER S., DELOBEL B., PIOTTE C.,
PAGEAUX J.-F., FERRAN A., GUILLAUD J., 2003.- Nutritional
plasticity of the predatory ladybeetle Harmonia axyridis
(Coleoptera: Coccinellidae): comparison between natural
and substitution prey.- Archives of Insect Biochemistry and
Physiology, 52: 81-91.

STATSOFT, 2011.- STATISTICA (Data Analysis Software Sys-
tem), Version 10. 2011.- StatSoft Inc., Tulsa, USA. [online]
URL: www.statsoft.com (accessed, June 15, 2018).

THOMPSON S. N., HAGEN K. S., 1999.- Nutrition of entomoph-
agous insects and other arthropods, pp. 594-652. In: Hand-
book of biological control (BELLows T. S., FISHER T. W.,
Eds).- Academic Press, San Diego, USA.

TRILTSCH H., 1996.- On the parasitization of the ladybird Coc-
cinella septempunctata L. (Col., Coccinellidae).- Journal of
Applied Entomology, 120: 375-378.

VAN DRIESCHE R. G., BELLows Jr. T. S., 1996.- Biological Con-
trol.- Chapman & Hall, New York, USA.

XIE Z., L1 L., XIE Y., 1989.- In vitro culture of Habrobracon
hebetor (Say) (Hymenoptera: Braconidae).- Chinese Journal
of Biological Control, 5: 49-51.

ZAPATA R., SPECTY O., GRENIER S., FEBVAY G., PAGEAUX J. F.,
DELOBEL B., CASTANE C., 2005.- Carcass analysis allowing
to improve a meat-based diet for the artificial rearing of the
predatory mirid bug Dicyphus tamaninii.- Archives of Insect
Biochemistry and Physiology, 60: 84-92.

ZAR J. H., 1984.- Biostatistical analysis.- Prentice Hall, Eng-
lewood Cliffs, USA.

Author’s address: Santolo FRANCATI, Dipartimento di Sci-
enze ¢ Tecnologie Agro-Alimentari, Alma Mater Studiorum
Universita di Bologna, viale G. Fanin 42, 40127 Bologna, Ita-
ly (santolo.francati2@unibo.it).

Received April 26, 2018. Accepted October 24, 2018.

(Supplemental material available at http://www.bulletinofinsectology.org/Suppl/vol71-2018-287-293francati-suppl.pdf)

293





