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Abstract A strong relationship exists between body
size and fitness in parasitoids. However, it is unclear
whether the relationship is symmetric or asymmetric
in males and females. The present study investigated
the body size and fitness relationship in Diaeretiella
rapae emerged from small and large nymphs of
cabbage aphid Brevicoryne brassicae. A positive
relationship existed between the size of the aphid host
and growth of parasitoid larva developing in it. The
fitness gain in males and females was not proportion-
ate to their body size gain. Females mated with larger
males produced 10 % more female offspring than
females mated with smaller males. However, females
that developed in large hosts produced 62 % more
offspring (total male and female) than the females
emerged from smaller hosts. The findings suggest that
the number of offspring and the progeny sex ratio were
affected by the body size of both male and female
D. rapae.
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Introduction

Body size in insects is an important trait that affects
fitness of individuals (Henry et al. 2009). The quantity
of resources consumed by individuals during onto-
genesis is directly related to their final body size
(Godfray 1994). Size varies continuously due to the
effects of natural selection on resource acquisition
(Chown and Gaston 2010). Thus, body size and fitness
in organisms influence their efficiency in acquiring
resources (van Alphen and Visser 1990). However, the
scope of resource acquisition by an individual is finite
in some insects, while others can acquire as much
as they can subject to availability of the hosts. For
example, predators can consume varying number
of prey for their growth and development, while
resources available to developing parasitoids are fixed
by their solitary host. Idiobiont parasitoids completely
paralyse their hosts during oviposition which stops the
host’s growth and development. Thus, the developing
parasitoid larvae have a strictly fixed resource.
However, koinobiont parasitoids allow their hosts to
feed and grow, therefore, their host resources could
be dynamic in nature (Sequeira and Mackauer 1992;
Wyckhuys et al. 2008) if the host continues to feed.
In parasitoids, both the quality and quantity of
resources available to larvae are important for their
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overall growth and development (Sequeira and Mack-
auer 1992; Harvey and Strand 2002). Larger hosts are
generally considered better than smaller ones, because
they provide more resources to the developing larvae
(Mackauer



size for 24 h for four consecutive days. The parasitised



Statistical analysis

Analysis of variance (PROC GLM, SAS 9.2) was
used to analyse differences in the means, including
the number of adults and number of females emerged
from small and large size hosts, body size mating
combinations, hind tibia length of male and female,
and differences in the RAI in large and small hosts.
When the overall results were significant, the differ-
ences among treatments were compared using Tukey’s
studentised (HSD) test. Ordinary least squares regres-
sion was used to examine the relationship between
hind tibia length and body size of adult parasitoids.
Sex ratios were analysed using binary logistic regres-
sion (PROC LOGISTIC, SAS 9.2). All analyses were
carried out at a = 0.05 level of significance.

Results

Oviposition and sex allocation by D. rapae in a no-
choice test

In a no-choice test, the number of aphids parasitised by
female D. rapae per day during the four day ovipo-
sition period did not differ whether the females were
offered small or large aphid nymphs (F; .5 = 0.57;
P = 0.46) (Fig. 1). A significantly higher proportion
of females (74.5 %) emerged from larger hosts
(logistic regression: v> = 32.86, df = 1, P"\.0.001),
while the same proportion of males and females
emerged from smaller hosts (logistic regression:
v = 1.47,df = 1, P = 0.22).

Body size gain in D. rapae larvae and adults

The size of D. rapae larvae found in the dissected
cabbage aphid nymphs was positively correlated to the
size of the nymph [y = 0.106x ? 11.22, where
y = larval head width (Im) and x = aphid body length
(Im)] (R? = 52.1, P = 0.002). The mean (%SE) head
width of the D. rapae larvae at four days after ovi-
position was larger in large hosts (156.9 + 4.8 Im)
than in small hosts (117.7 = 5.6 Im) (Fy 46 = 28.31,
P\.0.001).

In general, the adults emerged from the large hosts
were larger in size than those emerged from small
hosts (Fy73 = 44.80, P\.0.001) and the females
were larger than the males (F; 7,3 = 11.34, P\.0.01).
Body size dimorphism was found in males and
females emerged from large hosts, but not in those
emerged from small hosts (Fig. 2). Asymmetric
increase in body size was found in male and female
D. rapae emerged from small and large hosts. Females
emerged from large hosts were on average 13 % larger
than females from small hosts (Fp39 = 34.26;
P\.0.001) while males from large hosts were 5 %
larger than males from small hosts (F; 35 = 12.43,
P\.0.01).

Resource/nutrient allocation to male and female
D. rapae

RAI depended on the size of the host and the sex
of the parasitoid developing in host (F3g4s = 83.23,
P\.0.001). The mean RAI was greater in smaller
hosts than in larger hosts (Fig. 3), indicating that in
small hosts, larger proportion of the host resources






Studies of superparasitism in D. rapae suggested that
more resources are available in larger hosts because
2-5 parasitoid larvae can develop simultaneously
without compromising their growth, although only
one individual completes its development (Kant et al.
2011; Kant et al. 2012a). The smaller cabbage aphid
nymphs did not sustain development of more than two
larvae per host, and higher host mortality was found in
small superparasitised aphids (Kant et al. 2011).
Emergence of larger adults from larger hosts further
suggests that more of resources are available in larger
hosts. Larger hosts also provide more space to the
developing parasitoid larva while larvae developing in
small hosts have limited space for growth before host
mummification. The size of males and females that
developed in small hosts was similar, but a clear sexual
dimorphism was found between those developed in
large hosts, with females significantly larger than
males. Females emerged from larger hosts were
significantly larger than those emerged from small
hosts, while the increase in body size of males was
not significant. This suggests that resources available
in small hosts are sufficient for males to attain a
maximum body size, but might be limiting for females.
Sexual dimorphism has also been found in a
wild population of D. rapae (Kant et al. 2012h).



their body size and their reproductive fitness. Larger
males and females produced more progeny as well as a
higher proportion of females. The increase in body
size and the gain in reproductive fitness were not
symmetrical in male and female D. rapae. Females
received disproportionately more benefit than males
by developing in larger hosts.
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