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Abstract

We investigated the effects of diet (sugar feeding), host provision, and mating on the longevity, fecundity, and progeny sex ratio of
Pteromalus cerealellae (Ashmead) (Hymenoptera: Pteromalidae), an ectoparasitoid of several stored-product insects. Sugar feeding (25%
sucrose solution) increased male lifespan by a factor of 34 relative to sugar-starved (provided water only) or completely starved (pro-
vided no water and no sugar solution) males, irrespective of mating status or host provision. Sugar feeding also increased longevity of
females which were not provided hosts, but had no effect on longevity of females which were provided hosts, suggesting that supplemen-
tal sugar feeding is beneficial to females only in the absence of hosts. Females had a significantly greater longevity than males:
Mean (£ SE) longevity of sugar-fed unmated females provisioned with no hosts (36.3 4+ 1.2 days) was significantly greater than mean
longevity of sugar-fed unmated males provisioned with no hosts (29.7 £ 0.9 days). A negative effect of mating on longevity was recorded
only in the absence of hosts but not when hosts were provided. In general, sugar feeding resulted in a modest increase in progeny pro-
duction by female P. cerealellae and this was significant for one batch of attacked hosts. However, cumulative lifetime progeny
(mean + SE) of sugar-fed females (64.2 + 9.2) was not significantly greater than that of sugar-starved (44.5 £ 6.8), or completely starved
(54.5 +9.3) females. Nevertheless, progeny of sugar-fed females was female-biased (53% females) compared to male-biased progeny
recorded for completely-starved females (37% females). These results suggest the potential impact of sugar feeding on survival, fecundity,
and sex allocation in P. cerealellae.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Parasitoids play a major role in sustainable agriculture
through their ability to regulate populations of herbivorous
insect pests. Many species of parasitoids are associated
with stored-product insects with potential for utilization
as biological control agents (Brower et al., 1996). One of
such parasitoid species is Pteromalus cerealellae (Ashmead)
(Hymenoptera: Pteromalidae), an ectoparasitoid of several
pests of stored grains (Brower, 1991) including the cowpea
bruchid, Callosobruchus maculatus (Fabricius) (Coleoptera:
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Chrysomelidae) (Brower, 1991; Mbata et al., 2005). The
ongoing interest in the potential utilization of P. cerealellae
for biological control of stored product insects (Brower,
1991; Mbata et al., 2005) is, however, hindered by a gross
lack of information on several aspects of its biology and life
history strategy. For example, little is known about the
effects of food provision and physiological factors such as
age and mating on survival and fitness of P. cerealellae.
Although a variety of factors may be responsible for the
shortened longevity of parasitoids in the field compared
with laboratory populations, poor diet may play a signifi-
cant role. Several parasitoids, in particular females, are
known to utilize host and non-host foods (e.g., sugar
sources) with important ramifications on their reproductive
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success (Jervis et al., 1996). Host feeding (consumption of
host tissue) is a common occurrence in female parasitoids
and has been observed in over 140 species across 17 fami-
lies of Hymenoptera (Jervis and Kidd, 1986) and Diptera
(Nettles, 1987). In addition to host feeding, several parasit-
oids have also been reported to feed on artificial (e.g.,
sucrose solution and honey) and naturally-occurring (e.g.,
nectar and homopteran honeydew) sugar sources both in
the laboratory and field (Jervis et al., 1993; Heimpel
et al., 1997; Olson et al., 2000; Fadamiro and Heimpel,
2001; Lee et al., 2004; Fadamiro and Chen, 2005; Fadam-
iro et al., 2005). Sugar feeding has been demonstrated to
increase the survival of adult parasitoids (Jervis et al.,
1996; Leatemia et al., 1995; Wickers, 2001; Fadamiro
and Chen, 2005; Fadamiro et al., 2005), and may enhance
fecundity, either through a positive effect on the rate of egg
maturation or through an increased lifespan, or both (Sch-
male et al., 2001; Heimpel and Jervis, 2005). However,
some studies have suggested that host feeding may be a
superior source of nutrients for parasitoid survival and
fecundity than sugar feeding (Jervis and Kidd, 1986; Van
Lenteren et al., 1987; Heimpel and Collier, 1996). In con-
trast, provision of hosts may have a negative impact on
parasitoid longevity possibly by allowing for oviposition
which may result in the death of females (Lim, 1986). No
previous information is available on the ability of P. cerea-
lellae to feed either on the hemolymph or the body tissues
of its hosts.

Mating is another factor that can potentially impact
insect survival. Mating can serve to increase allocation of
resources to reproductive tasks such as oogenesis and egg
maturation in females leading to a significant reduction
in lifespan (Partridge and Farquhar, 1981; Reznick, 1985;
Ellers, 1996; Wheeler, 1996; Jacob and Evans, 2000). In
fact, several studies have reported a negative impact of
mating on longevity of parasitoids (Li et al., 1993; Carpen-
ter, 1995; Jacob and Evans, 2000; Sagarra et al., 2002). In
this study, we investigated the effects of diet, host provi-
sion, mating, and possible interactions of these factors on
the longevity and fecundity of P. cerealellae. Knowledge
of the influence of these factors on the fitness of P. cerealel-
lae should aid in the current efforts aimed at utilizing this
parasitoid for biological control of stored-product insects.

2. Materials and methods
2.1. Insects

Callosobruchus maculatus was utilized as host for
P. cerealellae in this study. The starting culture of C. mac-
ulatus was initially obtained from Fort Valley State
University, Fort Valley, GA, USA (contact: Dr. George
Mbata), where it has been reared continuously on cowpea
seeds (Vigna unguiculata Walp.) for several years. Calloso-
bruchus maculatus was reared in our laboratory on cowpea
seeds (California Black Eyed variety) in 1-liter wide-
mouthed Mason glass jars. A fresh culture was started

every five days by placing ~25 pairs of 3-day-old mated
C. maculatus in a glass jar containing ~100 g of cowpea
seeds held at 30 + 1°C, 70 4+ 5% r.h., and L12: D12 (Mbata
et al., 2005). The beetles were allowed to lay eggs on the
seeds for 24 h after which they were removed with an aspi-
rator. The infested seeds were incubated at the conditions
specified above for 15-18 days (Mbata et al., 2005). Based
on the results of a preliminary experiment (unpublished
data), fourth instar larvae of C. maculatus were used as
parasitoid hosts for P. cerealellae in this study.

The original culture of P. cerealellae was obtained from
Fort Valley State University, Fort Valley, GA, USA where
the parasitoid has been reared continuously for several
years. Pteromalus cerealellae culture was maintained in
our laboratory by transferring about 30 adult pairs onto
a glass jar containing C. maculatus-infested cowpea seeds
at a stage when most of the bruchid larvae were at the
fourth larval instar. This was determined in a preliminary
experiment to occur approximately 15 days after infesta-
tion of cowpea seeds under our rearing conditions. The jars
were held at the environmental conditions stated above for
C. maculatus. Adult P. cerealellae were removed from the
jars after five days of oviposition and the attacked C. mac-
ulatus larvae incubated in a growth chamber at the above
environmental conditions until the emergence of adult
parasitoids.

2.2. Effect of diet, host provision, and mating on longevity

This experiment simultancously tested the effects and
interactions of diet (3 diet treatments), host provision (host
provisioned versus no host), and mating (unmated versus
mated) on longevity of female and male P. cerealellae.
The three diet treatments evaluated were: (i) completely
starved (provided no water and no sugar), (ii) sugar-
starved (provided water only), and (iii) sugar-fed. The var-
ious combinations of the three factors (diet, host feeding,
and mating) resulted in a total of 12 treatment combina-
tions for each sex. We demonstrated in a preliminary
experiment that P. cerealellae is arrhenotokus. Female
progeny is produced only when parent female has mated.
Freshly emerged adults of P. cerealellae were placed in
groups of two individuals either of the same sex (unmated
treatments) or of opposite sex (mated treatments) in a 6-cm
diameter plastic Petri dish containing either 10 uninfested
cowpea seeds (no host treatments) or infested cowpea seeds
containing ~80 fourth instar larvae of C. maculatus (host
provisioned treatments). Petri dishes were then randomly
assigned to the three diet treatments (completely starved,
sugar-starved, or sugar-fed). With the exception of the
completely starved treatment, water was provided in all
treatments by filling a 0.5 mL microcentrifuge tube with
distilled water and threading a cotton string through a hole
in the cap of the tube. Water tubes were refilled as needed.
For the treatments involving sugar feeding, 25% sucrose
solution was smeared on the inside of the Petri dish cover
as needed (every other day). In the treatments involving
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host provision, parasitoids were supplied with fresh hosts
(~80 fourth instar larvae of C. maculatus) every 5 days.
The number of hosts was determined by counting the num-
ber of egg plugs of C. maculatus on infested cowpea seeds.
Only seeds with 1-3 C. maculatus egg plugs were used. In
this and subsequent experiments, Petri dishes were kept
at 30 & 1°C, 70 £ 5% r.h., and L12:D12. Petri dishes were
checked daily for parasitoid mortality. Twenty parasitoids
of each sex were tested for each treatment combination.
Data were analyzed by using proportional hazard model-
ing (SAS Institute, 1998) to test for effects and interactions
of diet, host provision, mating, and sex on survivorship.
Longevity data for each sex were then square-root
(v/(x +0.5)) transformed and subjected to analysis of var-
iance (ANOVA) followed by the Tukey—Kramer honestly
significant difference (HSD) test for multiple comparisons
of means at P <0.05 (JMPIN Version 5.1, SAS Institute,
1998).

2.3. Effect of diet on progeny production

This experiment was conducted to determine lifetime
progeny production (lifetime fecundity) by P. cerealellae
females provided different diet treatments. Following the
test protocols described in the previous experiment, fresh-
ly-emerged females were paired each with a male (for mat-
ing) in a 6-cm diameter plastic Petri dish. Infested cowpea
seeds containing ~80 fourth instar larvae of C. maculatus
were provided in each Petri dish as hosts for females to ovi-
posit on. The females were then assigned to each of the
three diet treatments evaluated in Experiment 1 (complete-
ly starved, sugar-starved, or sugar-fed). In order to maxi-
mize opportunity for oviposition, females were
provisioned with new hosts in batches every 5 days
throughout their lifetime. Provision of new batches of hosts
to females every 5 days (i.e., at ages 1, 6, 11, 16, and 21
days) made it possible to determine any temporal fluctua-
tions in oviposition and the timing (age) of peak oviposi-
tion. Based on data from Experiment 1 which showed an
average longevity of about 25 days for female P. cerealel-
lae, this experiment was continued until females were 25
days old thereby allowing each female to oviposit on 5 suc-
cessive batches of new hosts (batch 1 = progeny produced
at ages 1-5 days, batch 2 = progeny produced at ages 6-10
days, batch 3 = progeny produced at ages 11-15 days,
batch 4 = progeny produced at ages 16-20 days, batch
5 = progeny produced at ages 21-25 days). Each batch of
attacked host was incubated separately in a growth cham-
ber until emergence of adult parasitoids. Emerging parasit-
oids from each batch were sexed and counted to determine
progeny production and offspring sex ratio. For each
female, the sum of number of progeny produced from suc-
cessive batches of attacked hosts (5 batches total) was used
to calculate cumulative (total) lifetime progeny production.
At least 21 females were tested per diet treatment. Progeny
production data obtained at each age were square-root
transformed (v/(x + 0.5)) and analyzed by using two-way

factorial ANOVA followed by the Tukey-Kramer HSD
test for multiple comparisons of means at (P < 0.05) to test
for effects of diet, age, and interactions on progeny produc-
tion. Cumulative fecundity data were further analyzed by
using one-way ANOVA followed by the Tukey—Kramer
HSD test (P <0.05). Data on offspring sex ratio were ana-
lyzed by using a y* 2 x 2 test of independence with Yales
correction for continuity (Parker, 1979) to test for signifi-
cant deviation (P <0.05) from an expected 1:1 sex ratio
of the progeny recorded per diet treatment for each host
batch, as well as for the cumulative progeny.

3. Results
3.1. Effects of diet, host provision, and mating on longevity

Proportional hazard analysis showed significant effects
of diet (y*>=471.03, df=2, P<0.0001), host provision
(> =21.25, df=1, P<0.0001), sex (y*>=291.52, df =1,
P <0.0001), and mating (y* = 12.36, df=1, P <0.0001)
on the longevity of P. cerealellae (Table 1). In addition,
significant interactions were recorded between mating
and host provision (y*=17.70, df=1, P <0.0001),
diet and host provision (3> = 49.67, df = 1, P < 0.0001), diet
and sex (y*> = 141.49, df = 2, P < 0.0001), as well as a signif-
icant diet x host provision x sex interaction (y* =43.97,
df=2, P<0.0001), suggesting that longevity is also influ-
enced by multiple interactions among the various factors.

Differences were recorded on the influence of sugar feed-
ing (diet) and host provision on longevity of mated and
unmated female P. cerealellae. For females, sugar feeding
exerted a significant positive effect on longevity when no
hosts were provided, but no significant effect of sugar feed-
ing was recorded when females were provisioned with hosts
(Fig. 1), possibly suggesting that females are capable of
utilizing host materials for optimum longevity. Sugar
feeding also exerted a significant effect on longevity of
unmated females, irrespective of whether or not they were

Table 1
Proportional hazard model testing for effects of diet, host provision, sex,
and interactions of these variables on longevity of P. cerealellae

2

Source of variation df e P

Diet 2 471.03 <0.0001
Host provision 1 21.25 <0.0001
Sex 1 291.52 <0.0001
Mating 1 12.36 0.0004
Diet x host 2 49.67 <0.0001
Diet x sex 2 141.49 <0.0001
Diet x mating 2 3.70 0.16
Host x sex 1 0.49 0.48
Host x mating 1 17.70 <0.0001
Sex x mating 1 0.41 0.52
Diet x host X sex 2 43.97 <0.0001
Diet x sex X mating 2 0.15 0.93
Host X sex x mating 1 1.17 0.28
Diet x host x mating 2 3.01 0.22
Mating X diet X host X sex 2 0.80 0.67
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Fig. 1. Effects of diet and host provision on longevity of female P. cerealellae. Figure shows the influence of diet (sugar-fed, sugar-starved, and completely
starved) on mean longevity (days + SE) of mated and unmated females in the presence or absence of hosts.

provisioned with hosts (Fig. 1). Similarly, sugar feeding
exerted a significant effect on male survival: longevity
of sugar-fed males was 34 times greater than longevi-
ty of sugar-starved or completely-starved males, irrespective
of their mating status and whether or not they were provi-
sioned with hosts (Fig. 2). Provision of hosts had a positive
effect on longevity of mated males, but had no effect on lon-
gevity of unmated males, suggesting that male P. cerealellae
are incapable of initiating host feeding, but may obtain valu-
able host materials from punctures made by the females. The
effect of mating on male longevity was dependent upon
whether or not hosts were provided. A negative impact of
mating on longevity was recorded for males provided no
hosts: Unmated males provisioned with no hosts had a
greater longevity than mated males provisioned with no
hosts, irrespective of diet treatment (Fig. 2). However, com-

pletely-starved mated males which were provided hosts had
a greater longevity than completely-starved unmated males,
further confirming that males paired with females provi-
sioned with hosts could obtain host resources from punc-
tures made by females which could result in increase in
male lifespan. In addition, while a negative effect of mating
was recorded on longevity of sugar-fed males provisioned
with no hosts, no significant effect of mating on longevity
was recorded for sugar-fed males provisioned with hosts,
suggesting that provision of hosts may lessen the potential
negative impact of mating on male longevity. In general,
longevity was greater for females than for males, irrespective
of the treatment combination. For instance, average longev-
ity of completely-starved unmated female and male P. cerea-
lellae provisioned with no hosts was 9.00 + 0.58 and
5.70 £ 0.25, respectively (Figs. 1 and 2).

35 1 —A— Host provision (Mated)

30 A

—@— No host (Mated)

—2— Host provision (Unmated)

—O— No host (Unmated)

25 A

20 A

Mean longevity (days + SE)

— e

—3

Sugar-fed

Sugar-starved

Completely starved
Diet

Fig. 2. Effects of diet and host provision on longevity of male P. cerealellae. Figure shows the influence of diet (sugar-fed, sugar-starved, and completely
starved) on mean longevity (days &+ SE) of mated and unmated males in the presence or absence of hosts.
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3.2. Effect of diet on progeny production

Two-way factorial ANOVA showed no significant effects
of diet (F=31.83, df=2, P=0. 16) and age (batch)
(F=54.24, df =4, P<0.0001) on progeny production by
female P. cerealellae. Progeny production by sugar-fed
females on batch 4 hosts (i.e., progeny produced by females
at ages 16-20 days) was significantly greater than progeny
production by completely starved females at the same age
range (F=3.37, df =2, P =0.04, Fig. 3). Although, a sim-
ilar trend showing numerically greater progeny production
by sugar-fed females was recorded for the other batches of
hosts (i.e., batches 1, 2, 3, and 5), this was not significant
(Fig. 3). In general, age (batch) had a significant effect on
progeny production, irrespective of diet: greater progeny
was produced earlier in life than later in life (Fig. 3).
Mean (£ SE) progeny production by sugar-fed females
was significantly greater at ages 1-5 days (37.86 + 5.93)
than at ages 6-10 days (16.67 + 3.95), or at subsequent
age ranges. Approximately, 60-70% of the total lifetime
progeny were produced within the first 5 days of female life,
suggesting early peak oviposition (Fig. 3). The lowest num-
ber of progeny was produced on the last batch of attacked
hosts (at ages 21-25 days). Similar results were obtained for
sugar-starved and completely starved females, suggesting
that diet has no effect on the timing of peak oviposition.

Mean cumulative (total) lifetime progeny production
(lifetime fecundity) was not significantly different among
diet treatments (F=1.15, df =2, P =0.32). Mean (+ SE)
lifetime fecundity (total/cumulative progeny) of sugar-fed
females (64.24 +9.16) was not significantly greater than
lifetime fecundity of sugar-starved (44.50 + 6.81) or com-
pletely starved (54.55 £ 9.26) females. Nevertheless, signif-

80 1

60

40 1

Mean( + SE) progeny/female

20 A

icant effects of diet and age were recorded on sex ratio of
progeny. In general, the progeny produced during the first
5 days of female life (at ages 1-5 days) was female-biased,
compared to male-biased progeny recorded later in life
(Fig. 4). Further chi-square analysis of the lifetime fecundi-
ty data showed a significant female-biased offspring for
sugar-fed females (53%) compared to the significant
male-biased offspring recorded for completely starved
(37%) females. However, no significant difference in sex
ratio was recorded for females provided water only
(sugar-starved) (Fig. 4).

4. Discussion

Sugar feeding is a major factor influencing adult lifespan
of female and male P. cerealellae. Sugar feeding increased
male lifespan by a factor of 3-4 relative to sugar-starved
or completely starved males, irrespective of mating status
or host provision. However, the magnitude of the impact
of sugar feeding on longevity of females is affected by mat-
ing status and host provision. Our results suggest the fol-
lowing among others: (i) females are capable of obtaining
resources from host feeding for optimal longevity, (ii) sugar
feeding represents an alternative food source for females in
achieving optimum longevity, (iii) mating could have a neg-
ative impact on longevity of females and males P. cerealel-
lae irrespective of whether or not there are opportunities
for host feeding, (iv) males are incapable of initiating host
feeding, and sugar feeding therefore represents a major
food source available for males to achieve optimum lon-
gevity, and (v) males paired with females provisioned with
hosts (mated treatments) could benefit from host feeding
by obtaining resources from hosts punctured by females.

’ —o—Sugar-fed—A—Sugar-starved—k— Completely starved ‘

s

1-5 6-10 11-15

16-20 21-25 Cumulative

Age range (days)

Fig. 3. Fecundity of female P. cerealellae of different age ranges provisioned with different diet treatments. Figure shows mean (4 SE) number of progeny
produced per female at different age ranges, and the total cumulative progeny (lifetime fecundity). In this and the next figure, females were provisioned
with new hosts (infested cowpea seeds containing ~ 80 fourth instar larvae of C. maculatus) in batches every 5 days (i.e., at ages 1, 6, 11, 16, and 21 days)
throughout their lifetime (~25 days) thereby allowing each female to oviposit on 5 successive batches of new hosts (batch 1 = progeny produced at ages 1—
5 days, batch 2 = progeny produced at ages 6-10 days, batch 3 = progeny produced at ages 11-15, batch 4 = progeny produced at ages 16-20 days, batch
5 = progeny produced at ages 21-25 days). Means for the same age range and for cumulative progeny followed by different letters are significant (P < 0.05,

Tukey HSD test).
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Fig. 4. Sex ratio of offspring produced by female P. cerealellae of different age ranges provisioned with different diet treatments. Figure shows proportion
(percent) of female progeny *, significant female-biased progeny; +, significant male-biased progeny (P < 0.05, > 2 x 2 analysis).

The positive impact of sugar feeding on adult longevity
has been demonstrated for several parasitoids species from
different taxa (Heimpel et al., 1997; Olson et al., 2000;
Fadamiro and Heimpel, 2001; Lee et al., 2004; Fadamiro
and Chen, 2005; Fadamiro et al., 2005; Chen et al., 2005).
For some of these species, provision of water was also
shown to increase longevity compared to completely starved
(no water, no sugar) adults (Fadamiro et al., 2005; Chen
etal., 2005). However, no difference in longevity was record-
ed between water-provided (sugar-starved) and completely
starved male and female P. cerealellae provisioned with
hosts in the current study, suggesting the positive effect of
host availability on longevity of starved adults, as reported
for Trichogramma minutum Riley (Hymenoptera: Tricho-
grammatidae) (Leatemia et al., 1995). In general, average
lifespan was greater for female than for male P. cerealellae,
as has been reported for several hymenopteran parasitoids
(Olson et al., 2000; Fadamiro and Heimpel, 2001).

Our longevity data showed that only females that were
not provided hosts benefited significantly from sugar feed-
ing: Sugar feeding did not result in significant increase in
the lifespan of females provisioned with hosts. These
results suggest that female P. cerealellae are capable of
obtaining resources from host feeding for optimal longevi-
ty, and that supplemental sugar feeding is beneficial only in
the absence of hosts. Host feeding, a widespread phenom-
enon in female parasitoids (Jervis and Kidd, 1986; Nettles,
1987), has been shown to increase adult longevity, particu-
larly in the absence of non-host food (Narayanan and
Mookherjee, 1955), similar to the results of the current
study. In addition, we recorded higher longevity for males
paired with females (mated males) provisioned with hosts
compared to unpaired males (unmated males) provisioned
with hosts suggesting that male P. cerealellae are capable of
obtaining host materials from punctures made by the
females for enhanced survival. Provision of hosts may
adversely impact longevity possibly by allowing for ovipo-
sition which may result in the death of females (Lim, 1986).

Similar adverse effect of host availability on lifespan was
obtained for P. cerealellae in the present study.

In general, mating had a negative effect on longevity of
female and male P. cerealellae in the absence of hosts, but
not when hosts were provided. A trade-off between mating
and longevity has been reported for several parasitoids (Li
et al., 1993; Carpenter, 1995; Jacob and Evans, 2000; Saga-
rra et al., 2002). A common hypothesis is that mating can
negatively impact longevity by stimulating allocation of
resources to reproductive activities (e.g., oogenesis and egg
maturation in females), thereby reducing resources available
for other life processes (Partridge and Farquhar, 1981; Rez-
nick, 1985; Ellers, 1996; Jacob and Evans, 2000). This poten-
tial trade-off between mating and longevity is more likely to
occur when energy resources are limited, or in the absence of
a high quality food, as demonstrated by Jacob and Evans
(2000). The authors reported adverse impact of mating on
longevity of Bathyplectes curculionis (Thomson) (Hymenop-
tera: Ichneumonidae) females only in the absence of a high
quality food source such as honey (Jacob and Evans, 2000).

In the second experiment, we compared lifetime progeny
production (lifetime fecundity) of females provided differ-
ent diet treatments; each female having been supplied with
a fresh batch of hosts every 5 days throughout her lifetime.
Data from this experiment showed a major effect of age on
progeny production with the greatest number of progeny
(>60% of total progeny produced per female) produced
during the first five days of life, irrespective of diet treat-
ment, suggesting that peak oviposition by female P. cerea-
lellae occurs early in life. In general, sugar feeding had a
modest effect on the number of progeny produced on each
successive batch of hosts: a significant effect of sugar feed-
ing was recorded only for progeny produced by females at
ages 16-20 days (batch 4 hosts). Nevertheless, cumulative
total lifetime progeny was not significantly different among
diet treatments. However, the higher female progeny
recorded for sugar-fed females compared to completely
starved females may indicate a potential benefit of sugar
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feeding in the production of female-biased progeny, an
important consideration in the utilization of biological con-
trol agents. Sex allocation in many parasitoid species is
known to be influenced by host quality (Chow and Heinz,
2005). Our results suggest that diet quality may also have
an effect on sex allocation, as was reported by Leatemia
et al. (1995): the authors recorded 99 female offspring per
lifetime of honey-fed female T. minutum compared to 65
female offspring per lifetime of unfed females. In addition,
our data showed that the progeny produced early in life is
female-biased while the progeny later in life is preponder-
antly male-biased, as observed for Trichogramma spp.
(Lim, 1986; Leatemia et al., 1995). The results showing a
positive impact of sugar feeding on sex allocation by female
parasitoids may have an important ramification for their
use in biological control programs.

Our results suggest that sugar feeding may increase life-
span of P. cerealellae, in particular in the absence of hosts,
and may enhance production of female-biased progeny.
The data showing similar longevity for water-provided
(sugar-starved) and completely starved P. cerealellae in
the presence of hosts suggests that host fluid may serve
as an alternative to provision of a free water source. Host
provision may also have an effect on fecundity of female
parasitoids as reported by several authors (Jervis and Kidd,
1986; Van Lenteren et al., 1987). However, it is difficult to
test the effect of host feeding on fecundity of P. cerealellae
since the females are concurrent host feeders utilizing the
same individual host for feeding and oviposition (personal
observation). The experimental difficulty in separating the
opportunity of a parasitoid to host-feed from that to ovi-
posit was alluded to by Heimpel and Collier (1996).

In summary, this study suggests among others, several
interesting and sufficiently novel results, including the
impact of diet quality on sex allocation and the observation
of exploitative host feeding by males paired with females
provisioned with hosts. These results offer new insights into
parasitoid nutritional ecology and should prove invaluable
for the development of efficient mass rearing system for
P. cerealellae, a prerequisite to its utilization for biological
control of stored-product insects.
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