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Using effects of parasitoid size on fitness to test a
host quality model assumption with the parasitoid
wasp Spalangia endius

B.H. King and M.E. Napoleon

Abstract: How body size affects fitness of males relative to females is relevant to understanding the evolution of sexual
size dimorphism and maternal sex-ratio manipulation. In most parasitoid wasps, mothers oviposit a greater proportion of
daughters in larger hosts. The host-quality model describes how this may be adaptive. A major assumption of the model is
that host size has a greater effect on the fitness of daughters than of sons. The assumption has often been tested indirectly
by examining the effects of parasitoid size on fitness, because a parasitoid’s size generally increases with the size of the
host on which it develops. The validity of this indirect method is examined here for the parasitoid waspSpalangia endius
Walker, 1839 parasitizingMusca domestica L., 1758. If the method is valid, effects of parasitoid size on fitness should
match the effects of host size on fitness that were shown in a previous study. The effects matched in that both parasitoid
size and host size affected the fitness of females but not of males. However, the aspects of female fitness that were af-
fected differed. That female size but not male size affected fitness was consistent with the female-biased sexual size di-
morphism ofS. endius.

Résumé : L’effet de la taille corporelle sur la fitness des maˆles par rapport a` celle des femelles est un facteur important
pour la compre´hension de l’e´volution du dimorphisme sexuel de la taille et de la manipulation maternelle du rapport
mâles:femelles. Chez la plupart des gueˆpes parasitoı¨des, les me`res pondent un pourcentage plus e´levé de rejetons fe-
melles dans les hoˆtes de plus grande taille. Le mode`le de la qualite´ de l’hôte décrit de quelle manie`re ce phe´nomène
peut être adaptatif. Une pre´supposition majeure du mode`le est que la taille de l’hoˆte a un effet plus important sur la
fitness des rejetons femelles que sur celle des maˆles. Cette pre´supposition a souvent e´té vérifiée indirectement par
l’examen des effets de la taille du parasitoı¨de sur sa fitness, parce que la taille du parasitoı¨de augmente ge´néralement
en fonction de la taille de l’hoˆte sur lequel il se de´veloppe. Nous examinons la validite´ de cette me´thode indirecte
chez la gueˆpe parasitoı¨de Spalangia endius Walker, 1839 vivant surMusca domestica L., 1758. Si la me´thode est val-
ide, les effets de la taille du parasitoı¨de sur sa fitness devraient eˆtre semblables a` ceux de la taille de l’hoˆte sur la
fitness qui ont e´té observe´es dans une e´tude ante´rieure. Les effets concordent en ce que tant la taille du parasitoı¨de
que celle de l’hoˆte affectent la fitness des femelles, mais pas celle des maˆles. Cependant, il y a des diffe´rences dans
les aspects de la fitness des femelles qui sont affecte´s. Le fait que la taille des femelles, mais non celle des maˆles, ait
des effets sur la fitness est en accord avec dimorphisme sexuel de la taille qui favorise les femelles chezS. endius.

[Traduit par la Re´daction]

Introduction

The validity of a theoretical model can be tested by exam-
ining its predictions and (or) its assumptions. Quite often,
for logistical reasons, such tests are indirect; e.g., if the
most relevant variable is difficult to measure, a correlated
variable may be measured in its place. Here we examine
the validity of an indirect test that has been used to examine
a critical assumption of the host-quality model. The host-
quality model is an adaptive sex-ratio model (Charnov

1979; Charnov et al. 1981). It is a parasitoid version of the
general hypothesis that selection will favor mothers with the
ability to manipulate sex ratio in response to the amount of
resources available to offspring when resource availability
differentially affects the sexes (for similar hypothesis ap-
plied to vertebrates see Trivers and Willard 1973). Consis-
tent with the host-quality model, most parasitoid wasps
produce a greater proportion of daughters from larger hosts
(reviewed in King 1993), and the model has become well
accepted (e.g., Mousseau and Fox 1998).
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A major assumption of the model is that the host size on
which a parasitoid develops increases the fitness of daugh-
ters more than that of sons. This assumption has frequently
been tested indirectly by examining effects of parasitoid size
on fitness (e.g., van den Assem et al. 1989; Heinz 1991;
Ueno 1998, 1999; Ji et al. 2004). Indirect tests seem logical
because, as the model’s authors suggested, the model’s as-
sumption could be met if the size of both male and female
parasitoids generally increases with the size of the host on
which it develops, and increased parasitoid size positively
affects female fitness more than male fitness (Charnov et al.
1981). That a parasitoid’s size generally increases with the
size of the host on which it develops has been demonstrated
for almost all species that have been examined (reviewed in
King 1993). Indirect tests may sometimes be more practical,
e.g., in the field when wasps have already left the hosts at
the time that fitness is being measured (e.g., Karsai et al.
2006).

However, the host quality model equations deal only with
host-size effects on fitness, not with parasitoid size, and it is
the former not the latter that is critical to the model’s pre-
dictions. Parasitoid-size effects may differ from host-size ef-
fects because of the imperfect relationship between host size
and parasitoid size (see below), or in a small number of spe-
cies, the absence of a relationship between parasitoid size
and host size (e.g., Seidl and King 1993). Furthermore,
host-size effects on fitness may occur through avenues other
than parasitoid size (King 1993).

Here we examine the validity of the indirect method of
testing the host quality model assumption with the parasitoid
waspSpalangia endius Walker, 1839 (Hymenoptera: Ptero-
malidae), a very small wasp that parasitizes the pupal stage
of certain fly species found in and on decaying organic mat-
ter or manure (Rueda and Axtell 1985). A femaleSpalangia
uses her ovipositor to drill through the outer shell of a host.
She then deposits an egg on the host developing within or
feeds on fluids exuding from wounds that she makes in the
host. The parasitoid larva feeds on the host, with one para-
sitoid produced per host. Females are monandrous; males
are polygynous (King et al. 2005).

In the strain ofS. endius studied here, mothers tend to
preferentially oviposit daughters in larger hosts, consistent
with the host-quality model (Napoleon and King 1999).
Also, consistent with the host-quality model, both female
and maleS. endius are larger when they develop on larger
hosts, and developing on a larger host affects some aspects
of female, but not male, fitness (Napoleon and King 1999).
These results suggest how sex-ratio manipulation in re-
sponse to host size may be adaptive inS. endius. If testing
the model’s assumption indirectly is valid, effects of parasi-
toid size should parallel these effects of host size, that is
parasitoid size should affect female, but not male, fitness.
Our test was under laboratory conditions. If the indirect test
is not valid under the controlled conditions of the laboratory,
it seems unlikely to be so under the less-controlled condi-
tions of the field where the relationship between host size
and parasitoid size will be much noisier. For example, in
Spalangia cameroni Perkins, 1910, host width explains
about 40% of the variation in parasitoid head width in the
laboratory (B.H. King, unpublished data) vs. <5% in the
field (King 1991).

Methods
A Florida strain of S. endius that was maintained on a

natural host,Musca domestica L., 1758, was used (Napoleon
and King 1999). Vouchers are at the Illinois Natural History
Survey Center for Biodiversity, catalog numbers ‘‘Insect
Collection 6035 through 6054’’. Parasitoid size was meas-
ured by removing heads from dead parasitoids, attaching
them to a slide, projecting them onto a digitizing tablet, and
then measuring head area using SigmaScan1 version 3.90
(Systat Software, Inc. 1988). Head size is positively corre-
lated with other measures of body size inS. endius (e.g., to-
tal wing area vs. head area:r = 0.75 for males andr = 0.80
for females; B.H. King, unpublished data). Wasps had no
previous contact with other parasitoids (excluding mating)
prior to use in an experiment. Experiments are summarized
below; for details see Napoleon and King (1999). The care
of our animals was in accordance with the principles and
guidelines of the Canadian Council on Animal Care.

The effect of parasitoid size on a mother’s offspring pro-
duction was examined by presenting each of 30 mated fe-
males with 15 hosts and honey for each of 5 d. Then each
female was kept in a vial plugged with cotton that was
moistened daily, and day of death was recorded. Lifetime
offspring production is positively correlated with production
over the first 5 d inS. cameroni (King 1988). Total number
of adult offspring and days that the mother was alive were
each regressed against the mother’s head size.

The effect of parasitoid size on a male’s mating success
was examined by presenting each of 14 males with 7 virgin
females for 1 h in a glass vial plugged with cotton. Each fe-
male was then given 10 hosts for 24 h. The number of adult
daughters produced by these females was determined for
each father (only production of daughters requires sperm in
haplodiploids such as wasps). The number of daughters was
regressed against the father’s head size. This initial male mat-
ing success experiment was suggestive but not statistically
significant (see Results), so the experiment was repeated.

The effect of parasitoid size on longevity in the absence
of hosts or other food was examined for 49 females and 25
males. Newly emerged parasitoids of both sexes were kept
individually in test tubes plugged with moist cotton and day
of death was recorded. Longevity was examined in the ab-
sence of food based on the significant effects in earlier stud-
ies with a congener (King 1988; King and King 1994).

Whether development duration is correlated with parasi-
toid size was also examined; e.g., parasitoids that achieve
greater adult size may pay a cost in terms of longer develop-
ment. So that we would know the time of oviposition rela-
tively precisely, hosts were exposed to parasitoids for only
4 h at about 298C. Then each potentially parasitized host
was isolated in a test tube and allowed to develop at a rela-
tively cool 22 8C to lengthen development (Shibles 1969),
accentuating any differences among parasitoids in duration
of development. Date of emergence from the host was re-
corded. Correlation between development duration and para-
sitoid size was analyzed separately for each sex because of
the sex difference in size (see Results).

Results
Large mothers produced more offspring than did small
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mothers (Fig. 1). Mothers produced 40 ± 2 offspring
(mean ± SE, range 8–55,n = 30) of which 19% ± 1%
(mean ± SE) were sons (range 4%–38%,n = 30). Longevity
of these same mothers did not increase significantly with the
mother’s size (R2 = 0.012,F[1,28] = 0.35, P = 0.28). There
was a positive relationship between a mother’s size and the
number of offspring that she produced even when the analy-
sis was restricted to her first day of producing offspring (R2 =
0.24, F[1,27] = 8.67, P = 0.007).

In the first male mating success experiment, there was a
tendency for larger males to have greater mating success as
measured by the number of daughters produced by their
mates (Fig. 2;R2 = 0.24, F[1,12] = 3.81, P = 0.075). How-
ever, the relationship was not statistically significant, and a
single male was disproportionately smaller than the rest and
responsible for the tendency towards significance. When the
experiment was repeated, using as many small males as
large males, the relationship was in the opposite direction
and did not even approach significance (Fig. 2;R2 = 0.012,
F[1,12] = 0.14,P = 0.71).

An analysis of covariance showed no significant effect of
experiment (F[1,25] = 0.88, P = 0.36), so data from the two
experiments were pooled. However, a regression of the
number of daughters on male size still showed no significant
relationship (Fig. 2). The percentage of females that were
successfully inseminated as indicated by producing any
daughters was 70% ± 4% (mean ± SE, range 17%–100%,
n = 28) and did not differ between the two experiments
(t[26] = 0.86, P = 0.40).

In the absence of hosts and other food, there was no sig-
nificant relationship between longevity and head area for ei-
ther females (R2 = 0.011,F[1,47] = 0.53, P = 0.47) or males
(R2 = 0.017,F[1,23] = 0.40,P = 0.53). Development duration
was not significantly correlated with head size among fe-
males (r = –0.038,n = 93, P = 0.72) or males (r = –0.011,
n = 57, P = 0.93). The heads of females were, on average,
of greater area than the heads of males (0.30 ± 0.002 mm2

(mean ± SE) vs. 0.25 ± 0.002 mm2; t[148] = 17.17, P <

0.001). The heads of females were also wider (0.58 ±
0.002 mm vs. 0.57 ± 0.002 mm;t[148] = 4.33,P < 0.001).

Discussion

The general effects of parasitoid size on female fitness vs.
male fitness paralleled the effects of host size. Specifically,
both host size (Napoleon and King 1999) and parasitoid size
(this study) were not significantly related to male mating
success, but were significantly related to female fitness.
Thus, for S. endius, the host quality model assumption was
supported regardless of whether one examined the effect of
host size on fitness or the effect of parasitoid size on fit-
ness.

However, having both data sets provided further informa-
tion. This is because the aspects of female fitness that were
affected were not identical. A female’s offspring production
increased with both parasitoid size and host size, but longev-
ity and development duration were significantly affected
only by host size, not by parasitoid size. The two data sets
together suggest that the effect that a female’s host size has
on her subsequent offspring production may be mediated
through effects on her size. In contrast, the two data sets
suggest that the positive effects of a female’s host size on
her development duration and longevity (Napoleon and King
1999) do not occur through effects on her size: parasitoid-
size effects on longevity and development time were both
nonsignificant and in a negative direction.

Most studies of the host quality model assumption pro-
vide data on how female fitness vs. male fitness is affected
by either host size (Jones 1982; Garcia Saez de Nanclares
1988) or parasitoid size (van den Assem et al. 1989; Heinz
1991; Ueno 1998, 1999; Ji et al. 2004), but not both. The
present study illustrates the value of providing both. Like-
wise, examination of data on two other parasitoid wasps,
Muscidifurax raptor Girault and Sanders, 1910 andS. ca-
meroni, also suggest that the effects of parasitoid size on fit-
ness will not necessarily parallel the effects of host size on

Fig. 1. Number of offspring produced bySpalangia endius mothers
with different head areas (mm2) (R2 = 0.27,F[1,28] = 10.11,P =
0.002;y = 245.62x – 25.06).

Fig. 2. Mating success as measured by the number of daughters
produced by the mates of males with different head areas (mm2).
*, experiment 1; *, experiment two (across both experiments:R2 =
0.093,F[1,26] = 2.66,P = 0.12;y = 94.40x + 12.50).
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fitness (Seidl and King 1993; King and King 1994: based on
comparison of Tables 2 and 3 and assuming that offspring
production is a more relevant measure of fitness for females
than egg number at emergence). In the case ofM. raptor,
this is not surprising given that host size and parasitoid size
are unrelated (Seidl and King 1993). InS. endius andS. ca-
meroni, parasitoid size tends to be positively correlated with
host size, although not very strongly and not in every strain
(Table 1 in Napoleon and King 1999).

Taken together, the results of these earlier studies and the
present one show that the indirect method sometimes, but
not always, leads to the same conclusion about the host
quality model assumption as the direct method. Thus, the in-
direct method should be avoided in species without strong
correlations between parasitoid size and host size. Whether
the indirect method works consistently in species with stron-
ger correlations remains to be seen.

That female but not male size affected fitness inS. endius
was consistent with the female-biased sexual size dimor-
phism observed in this species (Napoleon and King 1999).
Sexual size dimorphism is female-biased in most parasitoid
wasp species (Hurlbutt 1987). However, reported effects of
size on relative fitness appear to be quite variable among
species and not related to sexual size dimorphism in a con-
sistent pattern (van den Assem et al. 1989; Heinz 1991;
Seidl and King 1993; King and King 1994; Ueno 1998,
1999; Ji et al. 2004). In most species, size positively affects
female fitness; however, effects on male fitness are more
variable among species and have been less studied. Interest-
ingly, the magnitude of the effect of female head size on
offspring production inS. endius in the present study was
similar to the magnitude in an experiment with a significant
effect for S. cameroni (King and King 1994), about 20–30
more offspring in the first 5 d of production for every
0.1 mm increase in head width.

Effects of parasitoid size on parasitoid fitness are relevant
not only to understanding the host-quality model and sexual
size dimorphism but also biological control. Some of the fly
species thatS. endius parasitizes are pests (Rueda and Axtell
1985). Spalangia endius provides some natural control of
these pests and is sold commercially for biological control
purposes (Hunter 1997; Johnson 1998). That fitness of fe-
male S. endius increased with parasitoid size suggests that
size may be a useful measure of their quality in mass rearing
programs. Size may be an important predictor of their effec-
tiveness in rapidly building up numbers during mass rearing
and in pest control upon release in the field.
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