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Abstract

The mass rearing of parasitoids represents a fundamental stage for programmes of biological control. The progeny of
the parasitoid Palmistichus elaeisis Delvare and LaSalle (Hymenoptera: Eulophidae) were evaluated on previously
refrigerated pupae of Bombyx mori L. (Lepidoptera: Bombycidae). Forty-eight to 72 hours-old pupae of B. mori were
stored at 10 °C for five, 10, 15 or 20 days and then exposed to parasitism by P. elaeisis females. This parasitoid showed
shorter duration of the life cycle when reared on pupae of B. mori which were previously stored at 10 °C during
15 days. P. elaeisis parasitized 100% of the pupae of B. mori after storage at 10 °C during all periods with emergence
of this parasitoid from 78 to 100% of these pupae. P. elaeisis had a higher number of progeny per pupa of B. mori
stored for 15 days at 10 °C. Pupae of B. mori can be stored for 15 days at 10 °C before being used to rear P. elaeisis.

Keywords: parasitoids, mass-rearing, host, temperature.

Desempenho reprodutivo de Palmistichus elaeisis (Hymenoptera: Eulophidae)
em pupas refrigeradas de Bombyx mori (Lepidoptera: Bombycidae)

Resumo

A criacdo de parasitoides em larga escala representa uma etapa fundamental para programas de controle biolégico. A
progénie de Palmistichus elaeisis Delvare and LaSalle (Hymenoptera: Eulophidae) foi avaliada em pupas de Bombyx
mori L. (Lepidoptera: Bombycidae) armazenadas em baixa temperatura. Pupas de B. mori, com 48 a 72 horas de
idade, foram armazenadas a 10 °C por 5, 10, 15 ou 20 dias e, posteriormente, expostas ao parasitismo por fémeas de
P. elaeisis. A duracdo do ciclo de vida do parasitoide foi menor em pupas de B. mori armazenadas a 10 °C durante
15 dias. O parasitismo de P. elaeisis atingiu 100% de pupas de B. mori apés armazenamento a 10 °C em todos os
periodos, com emergéncia de 78 a 100% desse parasitoide. A progénie por pupa de P. elaeisis foi maior quando pupas
de B. mori foram armazenadas por 15 dias a 10 °C. Pupas de B. mori podem ser armazenadas por até 15 dias a 10 °C
e serem utilizadas em criagcdes de P. elaeisis.

Palavras-chave: parasitoides, manejo da criagdo massal, hospedeiro, temperatura.
1. Introduction

and Euselasia eucerus Hewitson

Hymenoptera parasitoids can reduce the populations
of Lepidoptera pests in eucalyptus plantations (Zanuncio
et al., 1998; Braganca et al., 1998ab; Dall’Oglio et al.,
2003). Palmistichus elaeisis Delvare and LaSalle
(Hymenoptera: Eulophidae) was reported from pupae of
Eupseudosoma involuta (Sepp) (Lepidoptera: Arctiidae)
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(Lepidoptera:
Riodinidae) (Delvare and Lasalle, 1993), Sabulodes sp.
(Lepidoptera: Geometridae) (Bittencourt and Berti Filho,
1999) and Thyrinteina arnobia (Stoll) and Thyrinteina
leucoceraea  Rindge (Lepidoptera: Geometridae)
(Pereira, 2006). This generalist polyphagous behaviour
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characterises P. elaeisis as a species with high potential
for the biological control of Lepidoptera defoliators of
eucalyptus forests.

Mass rearing facilities are important for programs of
biological control. However, the lack of adequate arti-
ficial diets makes it necessary to use large numbers of
preferential or alternative hosts to produce these natural
enemies (Milward-de-Azevedo et al., 2004). The preser-
vation of hosts at low temperatures for later use without
losses on the reproductive caracteristics of parasitoids
is important to increase the production of these agents
of biological control (Thomazini and Berti-Filho, 1998;
Leopold et al., 1998; Floate, 2002; Pratissoli et al., 2003;
Milward-de-Azevedo et al., 2004).

The silkworm Bombyx mori L. (Lepidoptera:
Bombycidae) can be reared with low costs and its pupae
present high protein value and reduced metabolic activity
at 10 °C (Ito, 1978; Greiss et al., 2003; Wang-Dun et al.,
2004). B. mori can be an alternative host for pupa endopar-
asitoids and, for this reason, the objective of this study was
to evaluate the progeny of P. elaeisis reared on pupae of
this host after storage at 10 °C during different periods.

2. Material and Methods

The experiment was developed in the Laboratory of
Biological Control of the Animal Biology Department
of the Federal University of Vigosa (UFV) in the
Municipality of Vigosa, Minas Gerais State, Brazil, with
the following stages:

2.1. Rearing of B. mori

First instar larvae of B. mori were supplied by
the Sericiculture Laboratory of the Animal Biology
Department (UFV). They were reared in plastic trays
(39.3 x 59.5 x 7.0 cm) with mulberry leaves supplied
daily. The pupae of B. mori obtained were transferred
to plastic trays (28.3 x 36.0 x 7.0 cm) and maintained at
25+ 1 °C, 70 £ 10% relative humidity and photo phase
of 14 hours.

2.2. Rearing the parasitoid

Adults of P, elaeisis collected in Vigosa, Minas Gerais
State, Brazil (20° 45’ S and 42° 51’ W, 651 m) and reared
in the Laboratory of Biological Control of the Department
of Animal Biology of the Federal University of Vigosa
(UFV) were maintained in glass tubes (14.0 x 2.2 cm)
closed with a cotton wad and with honey droplets in its
interior as food for them. Forty-eight to 72 hours old pu-
pae of B. mori were removed from the cocoons and ex-
posed to parasitism by P. elaeisis females for 24 hours at
25+2°C, 70 £ 10% of relative humidity and photo phase
of 14 hours to maintain the P. elaeisis population.

2.3. Storage of B. mori pupae at low temperature and
its effect on the biology of P. elaeisis.

Forty-eight to 72 hours-old pupae of B. mori were
stored at 10 °C for 5, 10, 15 or 20 days and the control
was represented by pupae of this species without storage at
low temperature. Each pupa was exposed to the parasitism

by 45 P. elaeisis females into glass tubes (14.0 x 2.2 cm)
for 24 hours at 25 £ 2 °C, 70 + 10% relative humidity and
a photo phase of 14 hours. These females were removed
from the tubes at the end of this period. The duration of
the life cycle (egg-adult); the percentage of parasitism
(without the natural mortality of the host) (Abbott (1925);
the percentage of emergence of the progeny; the number
of parasitoids emerged per pupa of B. mori; the longevity
of the descendants and the sex ratio (calculated with the
equation Rs = number of females/number of adults) were
obtained. The sex of the parasitoids emerged was deter-
mined based on the morphological characteristics of their
antenna and abdomen (Delvare and Lasalle, 1993).

2.4. Statistical methods

The treatments were represented by pupae of B. mori
after storage during zero (control), 5, 10, 15 or 20 days.
A total of ten replications was used in an entirely casual-
ised design, each one represented by one pupa of B. mori.
The data of the duration of the life cycle, the number of
individuals of P. elaeisis emerged per pupa of B. mori,
the sex ratio and the longevity of females of this para-
sitoid were submitted to variance at 5% and regression
analysis. The percentage of parasitism and emergence of
P. elaeisis were submitted to the analysis of a generalised
linear model with binomial distribution (P = 0.05) using
the R Statistical System (Ihaka and Gentleman, 1996).

3. Results

P. elaeisis had minimum (19 to 20 days) and maxi-
mum (27 to 31) duration of its life cycle (egg-adult) with
pupae of B. mori stored at 10 °C during 15 and 20 days,
respectively (R? Treat = 0.6756; ANOVA, F = 15.6398;
P <0.001; Df _=36) (Figure 1).
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Figure 1. Duration of the life cycle (egg-adult) of P. elaeisis
(Hymenoptera: Eulophidae) in pupae of B. mori (Lepidoptera:
Bombycidae) after storage for zero, 5, 10, 15 or 20 days at 10 °C,
70 £ 10% relative humidity and photo phase of 14 hours.
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P. elaeisis parasitised 100% of B. mori pupae with
adult emergence from 78 to 100%, showing no effect of
the storage periods of the pupae of this host at 10 °C
(x*=32.577, P =0.116) (Figure 2).

The progeny of P. elaeisis varied from 728 to 1414 in-
dividuals per pupa of B. mori after storage of them
during 15 days at 10 °C (R? Treat = 0.7232; ANOVA,
F=18.0191; P <0.001; Df, = 36) (Figure 3).

The sex rate and the longevity of females of
P. elaeisis emerged from pupa of B. mori were similar
for those stored during different periods at 10 °C with
averages from 0.94 to 0.96 (F = 2.1335; P = 0.1340)
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Figure 2. Percentage of pupae of B. mori (Lepidoptera:
Bombycidae) with emergency of P. elaeisis (Hymenoptera:
Eulophidae) after storage for zero, 5, 10, 15 or 20 days
at 10 °C, 70 = 10% relative humidity and photo phase of
14 hours. (x*>=32.577; P =0.116).
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Figure 3. Progeny of P. elaeisis (Hymenoptera: Eulophidae)
per pupae of B. mori (Lepidoptera: Bombycidae) after stor-
age for zero, 5, 10, 15 or 20 days at 10 °C, 70 £ 10% relative
humidity and photo phase of 14 hours.
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(Figure 4) and 15.66 to 18.73 days (ANOVA, F=0.0155;
P =0.9013) (Figure 5), respectively.

4. Discussion

P. elaeisis developed in pupae of B. mori storage at
10 °C for different periods. The shorter duration of the
life cycle of P. elaeisis with fresh pupae of B. mori in
relation to those stored during 15 days at 10 °C indi-
cates that pupae of this host are adequate for the devel-
opment of P. elaeisis after storage at this temperature.
This shows that pupae of B. mori maintain adequate
physiological and/or nutritional conditions for the de-
velopment of this parasitoid after being stored for de-
termined period at low temperature. This can vary with
the species of parasitoids and their hosts (Legner, 1979)
because Muscidifurax uniraptor Kogan and Legner
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Figure 4. Sex ratio of P. elaeisis (Hymenoptera: Eulophidae)
emerged from pupae of B. mori (Lepidoptera: Bombycidae)
after storage for zero, 5, 10, 15 or 20 days at 10 °C, 70 + 10%
relative humidity and photo phase of 14 hours. (F = 2.1335;
P = 0.1340).
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Figure 5. Longevity of P. elaeisis (Hymenoptera: Eulophi-
dae) females emerged from pupae of B. mori (Lepidoptera:
Bombycidae) after storage for zero, 5, 10, 15 or 20 days
at 10 °C, 70 = 10% relative humidity and photo phase of
14 hours. (F = 0.0155; P = 0.9013).
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(Hymenoptera: Pteromalidae) presented lower repro-
ductive capacity with pupae of Musca domestica L.
(Diptera: Muscidae), cold stored from one to two days
in relation to fresh ones. However, this parasitoid had
similar or higher reproduction with pupae cold stored for
longer periods in relation to the control (Thomazini and
Berti-Filho, 1998) such as observed for P. elaeisis with
pupae of B. mori after storage during 15 days.

Insect pupae present immunological responses
against immatures of parasitoids but they cannot main-
tain these defense mechanisms (encapsulation and pro-
duction of toxins) active for very long due to its high
metabolic cost (Schmidt et al., 2001; Schmid-Hempel,
2005). Moreover, low temperatures can, gradually, re-
duce the defense capacity of insect species (Duman and
Horwath, 1983). This would justify the better progeny
production of P. elaeisis from pupae of B. mori after stor-
age at low temperature during 15 days. The longest de-
velopment period of P. elaeisis in pupae of B. mori stored
during 20 days shows that these pupae are less adequate
for the immature of this parasitoid. This occurs because
refrigeration for long periods may damage the cells of the
pupae which consequently reduces its nutritional quality
for parasitoids (Milward-de -Azevedo et al., 2004).

The high parasitism and emergence of individu-
als of P. elaeisis from pupae of B. mori after storage
at 10 °C during all periods is important, showing that
low temperatures constitute a strategy to preserve and
to increase the availability of this host to be used at the
right time to produce parasitoids in mass rearing pro-
grams (Thomazini and Berti-Filho, 1998; Leopold et al.,
1998; Floate, 2002; Pratissoli et al., 2003; Milward-de-
Azevedo et al., 2004).

P. elaeisis produced progeny with pupae of B. mori
after storage at 10 °C during all periods. However, this
parasitoid showed a tendency to decreasing reproductive
capacity with pupae of this host stored for five or ten
days in relation to those stored for 15 days at 10 °C. This
indicates that pupae of B. mori are nutritionally more
adequate and/or they present a lower defense capacity
by immunological response against immatures of this
parasitoid after being stored for this last period at 10 °C
(Vinson and Iwantsch, 1980; Beckage, 1985). On the
other hand, the lower progeny of P. elaeisis with pupae
of B. mori after storage during 20 days can be related
to morphological and physiological changes or reduced
metabolism (Chapman, 1998). The impact of these
changes on the progeny of parasitoids is not well-known
but it may determine their susceptibility to natural en-
emies (Pfannenstiel et al., 1996).

P. elaeisis showed high sex ratios. This is important
for mass rearing programs, laboratory experiments and
selection of individuals to be released in the field. Thus,
the predominance of females can increase the number of
individuals produced in the following generation (Uckan
and Gulel, 2002; Amalin et al., 2005).

The similar longevity of females of P. elaeisis in pu-
pae of B. mori stored or not is important, because the sur-

vival rate is one of the requisites used for quality control
in mass rearing facilities of parasitoids (Van Lenteren,
2000).

Pupae of B. mori can be stored in an acclimatised
chamber (10 °C) up to 15 days for subsequent mass
production of P. elaeisis. The biological characteristics
of this parasitoid (duration of the life cycle, percentage
of parasitism and emergency, sex ratio and longevity)
of P. elaeisis were not affected by the preservation of
B. mori pupae at low temperatures.

5. Conclusion

Pupae of B. mori can be stored at 10 °C for 5, 10 or
15 days but this last period can be recommended as the
most adequate for mass producing P. elaeisis.
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