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The age and size of hosts are known to have a profound effect on host suitability for many
species of parasitoid wasps. Relationships between host suitability and host type are essential
information in determining an appropriate range of hosts that is used for mass rear'ing of
parasitoids but this information is lacking for Pimpla (=Coccygomimus) luctuosa Smith, a
pupal solitary parasitoid wasp of many lepidopteran pests. Accordingly, the effects of host age
and size on the offspring survival and fitness of P. luctuosa were examined in the present study.
Old host pupae produced fewer wasp offspring than young host pupae did. The size of hosts
also affected the offspring survival, and the mortality of offspring was higher in smaller hosts.
No significant interaction was detected between host age and size effects on the offspring sur-
vival. Smaller wasp offspring were produced when hosts were smaller. Likewise, smaller wasp
offspring emerged from older host pupae. Thus, the results demonstrated that old hosts were of
poor quality for the developing wasp offspring of P. luctuosa. The relationships between host
type and offspring performance in P. luctuosa were discussed.

INTRODUCTION

Investigation of the relationship between host type (i.e. host stage, age, size, color,
strains, etc.) and suitability has been an essential approach in the study of biological con-
trol with parasitoids (Vinson and Iwantsch, 1980; Jervis and Kidd, 1996). Knowing what
types of host are suitable for offspring development is necessary to determine an appro-
priate range of hosts used for mass rearing of parasitoids. The knowledge also provides
information on the potential range of the hosts in the field. ‘

Host size is one of the most important factors affecting the suitability of hosts for
many parasitoid species (Vinson and Iwantsch, 1980; King, 1987, 1993; Godfray, 1994). A
correlation between host size and offspring parasitoid size is demonstrated for many
species of solitary parasitoids (e.g. Charnov et al., 1981; King, 1993; West et al., 1996).
This correlation arises because the amount of resources that is available to developing
parasitoids is largely determined by the size of hosts.

The size of parasitoids is a major determinant for their fitness; smaller individuals in
general are less fecund and have shorter life span (e.g. King, 1993; Visser, 1994; West et
al., 1996; Ueno, 1999). Smaller parasitoids may thus be less successful in biological con-
trol. In other word, the size of parasitoids can be an index of their quality for biological
control. ‘
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Host pupal age is another factor influencing host suitability for pupal parasitoids (e.g.
Fuester et al., 1989; King, 1990; Ueno, 1997; Husni et al., 2001). During the pupal stage,
larval tissue is reconstructed dramatically.to adult tissue with increasing pupal age. This
physiological change can affect host suitability. The amount of resources that is available
to developing parasitoids should be reduced with host age if adult host tissue would not
be edible for the parasitoids. As a result, the size of emerging parasitoids can be smaller
when old host pupae have been parasitized. If this could be the case, 1t would be desir-
able to use young hosts for parasitoid mass-rearing.

Pimpla (=Coccygomimus) luctuosa Smith is a large solitary pupal endoparasitoid,
distributed widely in Japan and other parts of East Asia (Townes et al., 1965; Yasumatsu
and Watanabe, 1965). It is commonly found in a variety of agricultural fields, and is
recorded as a parasitoid of many lepidopteran pests (Townes et al., 1965; Yasumatsu and
Watanabe, 1965; Ueno and Tanaka, 1994). Therefore, P. luctuosa may have a significant
impact on pest insect populations.

The biological characteristics and life history of P. luctuosa are not fully understood,
however. No study has examined the relationships between host age and suitability in
this parasitoid. Here, I examined the offspring performance of the parasitoid P. luctuosa
in hosts of different ages and sizes. For this purpose, offspring survival and size were
measured when P. luctuosa developed on hosts of different ages and sizes. Based on the
~ results, host suitability/host type relationships in this parasitoid were discussed.

MATERIALS AND METHODS

Parasitoid and host

All experiments were conducted with larboratory populations of Pimpla luctuosa
and a laboratory host, Galleria mellonella. The colony of P. luctuosa was originated
from adult wasps collected in Kobe, Hyogo Prefecture. Methods for maintenance of the
colony were described by Ueno and Tanaka (1994). Newly emerged female parasitoids
were placed individually in plastic containers (10 cm in diameter, 4.5 cm in height),
together with tissue paper saturated with diluted honey. The tissue paper was replaced
twice a week thereafter. The containers were kept at 20+1°C. Host cocoons containing
fresh pupae were presented to female P. luctuosa in the plastic containers. Parasitized
hosts. were held at 2010.5°C until wasp emergence. Newly emerged wasps were paired
and placed in the plastic containers and maintained as mentioned above.

Host age effects

Newly emerged wasps were paired and placed in the plastic container‘s. After mating,
males were removed from the containers. As a pre—experimental treatment, females were
presented with two host fresh cocoons for three days on a daily basis. Twelve female
wasps (F2 or F3 generations) were used m the experiments. ' v

Hosts of variable sizes were divided into two age classes: 1-3 days old and 5-7 days
old hosts. A random mixture of these two classes. was presented to individual test
females. Experiments were conducted with females between day 5 and day 16 after wasp
emergence. Host cocoons were individually offered to female wasps, and their respohse
to the hosts was directly observed under a binocular stereoscope.: During oviposion, it is
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possible to see an egg passing through the base of the ovipositor (Ueno, 1995), and ovipo-
sition on the hosts can readily be confirmed. Care was taken to avoid superparasitism and
host feeding. This procedure was repeated 3-4 times per female every other day; thus,
3-4 hosts were presented to each female during the experimental day. This was because
female P. luctuosa carried a relatively small number of mature eggs (Ueno and Tanaka,
1994).

Hosts were removed immediately after oviposition and were welghed In the present
study, host weight was used as an index of the size of hosts. "All parasitized hosts were
kept at 25+0.5°C, 60-70% RH, and a photoperiod of 16:8 (L:D) h. Parasitized hosts were
checked daily to confirm offspring emergence. When wasp offspring emerged, the
forewing length and head width’'of the offspring were measured. In the present study, I
evaluated offspring performance in young and old hosts based on the survival and size.

Statistical analyses

Statistical treatments were made with the aid of JMP (SAS Institute, 2001). Because
no maternal effects were detected, all data were pooled for the following analyses.
Multiple logistic regression analyses and ANCOVA were performed to examine the effects
of host size and age on wasp production and size. Linear regression analyses were applied
to examine the relationships between host size and wasp size.

RESULTS ‘AND DISCUSSION

In total, 111 hosts were parasitized by female P. luctuosa during the experiment. A
multiple logistic regression analysis was performed to assess the-effects of host weight,
age and the interaction between the two factors on the offspring production in
P. luctuosa. The whole model obtained was significant (22=11.49, df=3, P=0.009).
The analysis showed that both host weight and age had 31gmﬁcant effects on the offspring
production (Table 1). :

Table 1. The result of a multiple logistic regression analysis for assessing
factors affecting the offspring production of Pimpla luctuosa

Factors df Wald »* P values
Host age 1 6.29 0.012
Host weight 1 5.37 ; 0.021
Interaction 1 1.18 0.28

The percentages of hosts yielding wasp offspring differed between host age classes
(Chi—squared test; 2*=5.52, df=1, P=0.018), and old hosts produced fewer wasp off-
spring (Fig. 1). The percentage of hosts producing wasp offspring was 89.2% when young
pupae of G. mellonella had been parasitized; most of offspring P. luctuosa developed
successfully to adulthood, demonstrating that G. mellonella is a highly suitable host for
P. luctuosa.

Old G. mellonella pupae were less sultable than young ones but still appeared to be
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enough for mass-rearing P. luctuosa. Offspring survival of P. luctuosa in old host pupae
was 71.7%, the value of which was lower than that in young host pupae but the value was
reasonably hi'ghf Thus, the age of G. mellonella pupae by itself may not be a matter upon
mass rearing in that wasp production is high regardless of host age.

The likelihood of wasp production significantly increased with increasing host weight
when host pupae were young (Fig. 2a; simple logistic regression analysis, x2=4.73, df=1,
P=0.029) but did not so when hosts were old (Fig. 2b, 2*=1.24, df=1, P=0.26).
Therefore, host size affects offspring survival of P. luctuosa but the size effect may not be
strong.

A negative relationship between host size and offspring mortality is reported for a
number of parasitoid wasps (Vinson and Iwantsch, 1980; King, 1987). Such a relationship
could be the result of shortage of food. An alternative explanation is that smaller hosts
are more likely to die shortly after parasitism due to parasitoid load, Wthh results in
indirect mortality of para31t01ds developing within the hosts.

ANCOVAs were performed to assess the effects of host weight and age on the off-
spring size, i.e. forewing length. The whole models were highly significant (»*=0.67, F =
42.94, df=3, P<0.0001 for male offspring; »*=0.70, F=21.39, df=3, P<0.0001 for
female offspring), and both host weight and age significantly affected the offspring size in
both sexes (Table 2).

Table 2. The result of ANCOVAs for assessing factors affecting the
offspring size of Pimpla luctuosa

Factors df F : P values
Male offspring
Host age 1 9.31 0.003
Host weight 1 124.04 <0.0001
Interaction 1 1.65 0.22
Female offspring
Host age 1 6.25 0.022
Host weight 1 42.25 <0.0001
Interaction 1 1.68 0.21

Smaller wasps were produced from smaller young hosts regardless of the sex of
wasps emerging. Forewing length of wasp offspring was smaller when they were pro-
duced from smaller young hosts (Fig. 3 and 4; =0.82, F=169.9, df=1, P<0.0001 for
male offspring; 7#=0.78, F=57.2, df=1, P<0.0001 for female offspring). Likewise, head
width of parasitoid offspring emerging from smaller hosts was narrower on young host
pupae (Fig. 5 and 6; 72=0.36, F=14.7, df=1, P=0.0007 for male offspring; 7*=0.70, F=
23.5, df=1, P=0.0007 for female offspring).

For old host pupae, there was also a significant relationship between host weight and
forewing length for males (Fig. 3; #*=0.67, FF’=42.94, df=1, P<0.0001) but this was not
the case for females (72=0.39, F=0.63, df=1, P=0.57). Similarly, head width of male
parasitoids was wider in larger, old hosts (Fig. 5; 72=0.21, F=5.30, df=1, P=0.032) but
again this was not the case for female parasitoids (»2=0.71, F=15.9, df=1, P=0.16).

The lack of significant relationships between host size and parasitoid size for females
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Fig. 3. The relationships between host size and forewing length of male
offspring P. luctuosa. The regressions were significant for both host
age classes (simple regression analyses; P<0.001).
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Fig. 4. The relationships between host size and
“forewing length of female offspring P. luctuosa
on young hosts. The regression was significant

(simple regression analyses; P<0.001).

is due to a small sample size (N=3). Female offspring is rarely produced from old host
pupae probably because P. luctuosa can control the offspring sex ratio in response to
hosts of different quality and because it lays male eggs in small or old hosts (Ueno, 1998).
The size of parasitoids emerging from the host is commonly affected by the amount of
resources available (King, 1987, 1993; Godfray, 1994). . For many solitary species, host
size, which reflects the amount of host resources, is a major factor that positively relates
to the size of parasitoids produced from the host. This was also the case for P. luctuosa.
The presence of positive correlations between host size and wasp size indicates provision
of large classes of hosts is preferable in mass rearing of P. luctuosa. In many parasitoids,
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Fig. 5. The relationships between host size and head width of male offspring
P. luctuosa. The regressions were significant for both host age classes
(simple regression analyses; P<0.001).
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Fig. 6. The relationship between host size and head
width of female offspring P. luctuosa on young
hosts. The regression was significant (simple
regression analyses; P<0.001).

it is known that the reproductive success is higher for larger wasps; larger individuals are
more fecund and have a longer life span (King, 1993; Visser, 1994; West et al., 1996;
Ueno, 1999). Larger individuals can therefore be of high quality as a biocontrol agent.. - -

The present study showed that the offspring survival of P. luctuosa differed between
young and old host pupae (Fig. 1). Although P. luctuosa was able to develop successfully
on both young and old hosts, offspring mortality was higher in old class of host pupae.
The results indicate that host suitability is lower in older host pupae. For a number of
pupal parasitoid wasps of Lepidoptera, the age at which the host pupa is parasitized
influences offspring survival and performance (e.g. Sandlan, 1982; Hailemichael et al.,
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1994; Ueno, 1997; Husni et al., 2001). Thus, a decrease of host suitability with host pupal
age appears to be the general rule for pupal parasitoids of Lepidoptera.

A number of host factors can determine the survival of developing parasitoids (Vinson
and Iwantsch, 1980, Quicke, 1997; Thompson, 1999). A decrease of host suitability with
host pupal age can be resulted from the nutritional inadequacy in old host pupae. During
the pupal stage, larval tissue is reconstructed dramatically to adult tissue with increasing
pupal ages. Adult tissue newly constructed is sclerotized, and the developing larva of P.
luctuosa is likely to have difficulty to digest such sclerotized tissues. If this could be the
case, the size of emerging wasp offspring would be smaller on older host pupae because
the amount of host resources edible for the developing offspring should be fewer.

In fact, the size of wasp offspring was smaller on old host pupae than young host
pupae (Figs. 3 and 4). This result supports the idea that the amount of host resources
available for wasp offspring is fewer in older hosts. Thus, older hosts are of poorer quality
for P. luctuosa in that the offspring size becomes smaller. Further, the offspring sex ratio
of P. luctuosa is highly male-biased on old hosts (Ueno, unpublished). Provision of
young class of host pupae would thus be desirable upon the mass rearing.

There was a negative relationship between host size and parasitoid mortality; smaller
hosts produced fewer parasitoid offspring (Fig. 2). In addition, smaller hosts produced
smaller parasitoids (Figs. 3 and 4). Emergence of such relationships would be a logical
consequence because smaller hosts should contain fewer food resources available to the
developing parasitoid. Smaller hosts are thus of poorer quality for P. luctuosa.

A positive correlation between host size and the resulting parasitoid size is commonly
found for the majority of solitary parasitoids examined so far (King, 1987, 1993), includ-
ing P. luctuosa (Ueno, 1998). Provision of large classes of hosts is desirable to efficiently
rear P. luctuosa with high fitness. In conclusion, host pupae of young and large class
should be selected to use for mass rearing of P. luctuosa.
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