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Abstract

In the parasitoid wasp Spalangia endius more offspring and a greater proportion of
daughters were oviposited in, and emerged from, 0-day-old versus 3-day-old hosts.
Offspring that developed on the younger hosts 1) were larger at adulthood, 2)
developed more quickly, 3) had higher survivorship to adulthood, and 4) were more
often able to chew their way out of the host. Sons and daughters did not differ in how
host age affected their size, development rate, or survivorship. The greater proportion
of daughters from the younger hosts may be adaptive as described by the host quality
model (a variant of the Trivers and Willard hypothesis). It is adaptive if greater size or
more rapid development has a more positive effect on daughter's than son's fitness and
the positive effect is large enough to compensate for sons being trapped
disproportionately to daughters in the older hosts. Despite greater success at drilling
the younger hosts, mothers did not try to drill them sooner or more often. Having
previously oviposited on the older hosts rather than the younger hosts had no
detrimental effect on the mother's subsequent longevity or offspring production.
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Introduction

How many and what sex offspring a mother produces may depend on the availability
of resources for her offspring (Charnov 1982). When resource quality or quantity is
high, females should preferentially oviposit the sex more positively affected, an idea
called the host quality model when applied to parasitoids (Charnov et al. 1981). Here,
using the parasitoid wasp Spalangia endius, | examine maternal choice of host age in
relation to the host quality model and effects of choice not just on the offspring's
fitness, but also on the mother's subsequent fitness, a seldom explored area (Godfray
1994). The host quality model is becoming widely accepted (e.g., Mousseau and Fox
1998); but in studies of Spalangia, support has been mixed (e.g., King and King 1994;
King and Lee 1994; Napoleon and King 1999).

Spalangia parasitize pupae of certain fly species (Rueda and Axtell 1985). The
age of hosts in a given patch is variable (personal observation). A female drills through
the puparium (case) of a host with her ovipositor (Gerling and Legner 1968). She then
deposits an egg on the host pupa within or feeds on exuding host fluids, which are
necessary for continued egg production. The parasitoid larva bites through the host
pupal integument (within the puparium) and feeds on the host fluids; once adult, the
parasitoid chews out through the puparium. S. endius is a solitary parasitoid, i.e., one
offspring completes development per host. Older host pupae weigh less than younger
ones (King 1990); and part of the biomass has been converted to nonliquid adult body
parts, which Spalangia cannot ingest (Gerling and Legner 1968).

Here I test the host quality model prediction that mothers oviposit a greater
proportion of daughters on 0-day-old versus 3-day-old hosts. A greater proportion of
daughters emerging from the younger hosts is a result of the mother's differential
oviposition of the sexes, provided differential mortality of the sexes during
development can be ruled out. I also test the host quality model assumption that
developing on a 0-day-old host has a more positive effect on the fitness of a daughter
than a son. I use three common fitness measures, size, survival, and rate of
development, and one previously unexplored measure, ability of offspring to exit the
host. Finally I examine the timing of host age choice and the cost to the mother in
terms of her own offspring production and longevity.

MethodsA Florida strain of S. endius was maintained at 23-28°C, 24 h light, using
Musca domestica as hosts. Experiments were performed within 6 mo (less than 8
generations) of collection of this strain, except the second subsequent fitness
experiment and the second video experiment, which were performed a year later.

Hosts were produced following King (1998). "0-day-old hosts" were 0 - 24 h
old (from when the puparium turned red) when initially presented to the parasitoids;
"3-day-old hosts" were 3 d older. Parasitoids were less than 2 d old at mating and used
in an experiment within 1 d of mating. I presented hosts to females in plastic vials (40
mm high by 36 mm top diameter by 27 mm bottom diameter) with a drop of honey for
food. A new set of hosts was presented each day.

I present means + 1 SE, range. "2t P" denotes a two-tailed P value, "1t P" a
one-tailed value.




Offspring production, sex ratio and sizel presented each of 39 mated females with 10
0-day-old and 10 3-day-old hosts simultaneously on each of 2 successive days.
Females moved freely across the ridge of used fly media that separated the two host
age groups. No female successfully parasitized all hosts of a given host age class (as
evidenced by the emergence of at least 1 adult host). The dry weight of one adult
offspring of each sex from each female was measured to the nearest 0.001 mg.

I analysed number of adult offspring by repeated measures ANOVA with host
age and day as within-subject factors. I tested effects of host age and day on offspring
sex ratio by loglinear analysis. I analysed offspring weight by repeated measures
ANOVA with host age and offspring sex as within-subject factors (day was
nonsignificant and so excluded).

Offspring survivorshipGreater mortality of daughters than sons can be detected by
greater mortality of mated females' offspring (sons and daughters) than of virgin
females' offspring (sons) (Sandlan 1979). A virgin or mated female was given 20 0-
day-old or 20 3-day-old hosts for 1 d. Ten hosts were dissected and the eggs were
counted; the other 10 were allowed to complete development and the adult offspring
were counted. Survivorship was estimated as number of adult offspring divided by
number of eggs. I tested effects of host age and mating status on survivorship by
loglinear analysis. I analysed number of eggs by repeated measures ANOVA with
mating status and host age as within-subject (i.e., within replicate) factors.

Duration of offspring development

A petri dish of 0-day-old hosts and a dish of 3-day-old hosts were placed in separate
containers full of adult parasitoids for 4 h at 27°C and then allowed to develop at 20-
24°C. After adult flies emerged, I isolated remaining hosts individually in test tubes
and checked daily for parasitoid emergence. The parasitization duration and
temperatures were chosen to reduce treatment differences in time of initial
parasitization and to lengthen development and thus magnify any difference between
treatments. This experiment was repeated thrice, but there were no repetition effects.
Thus, repetitions were combined and a simple two-way ANOVA of the effects of host
age and offspring sex on duration of development is presented.

Mother's subsequent fitness
In the first subsequent fitness experiment I divided 28 females equally into two
treatments: 6 d of experience with 20 0-day-old or 20 3-day-old hosts, followed by 20
3-day-old hosts on the seventh day. Thereafter each female was kept in a test tube with
a moistened cotton plug until she died because ability to survive until she finds hosts
may contribute to a female's lifetime fitness. The effect of previous host age experience
was analysed by a paired t-test for longevity and by a sign test for offspring production
on the seventh day (host age treatments paired within each replicate).

The second subsequent fitness experiment used 4 d of experience followed by
10 0-day-old and 10 3-day-old hosts on day 5. The effect of previous host age
experience on offspring production on day 5 was analysed by repeated measures
ANOVA with replicate as a blocking effect, current host age as a within-subject factor



within mother and previous host age as a between-subject factor.

Drilling and preferenceln the inexperienced female video-experiment, I determined
whether 3-day-old hosts are more difficult to drill into and less often chosen than 0-
day-old hosts. I videotaped each of 40 mated females that had no prior experience with
hosts. Each was videotaped for 3 h in a 35 mm diameter X 10 mm deep petri dish with
one 0-day-old and one 3-day-old host. The hosts were parallel to each other, about 2.5
parasitoid lengths apart, and secured with a small drop of water. I alternated which age
of host was in the left position. I subsequently isolated the hosts in test tubes to allow
parasitoid offspring to complete development.

During videotaping, illumination was from fibre-optic lights, which gave off
no noticeable heat. I recorded which host the female first contacted (usually with
unbent antennae), first antennated (tapped with antennae bent less than 90° at their
elbows) and first attempted to drill for at least 1 min (King 1994). For each host age, I
recorded number of drill attempts of more than 1 min, proportion that were completed
and their duration, and whether the female subsequently fed at the site.

In the experienced female video-experiment, I determined whether females
preferentially drill 0-day-old hosts before 3-day-old hosts. The procedure was as in the
previous video experiment except that prior to videotaping, I gave each female (N =
29) 10 0-day-old and 10 3-day-old hosts for 1 d. From these tapes I collected data on
which host the female first contacted, first antennated and first attempted to drill.

Results
Offspring production, sex, and size
Mothers produced more adult offspring from 0-day-old versus 3-day-old hosts (Table
1) and a lower proportion of sons (17% versus 26% on day 1, 8% versus 22% on day 2;
G =12.03, P =0.0005), but the decrease in proportion of sons was not significantly
dependent on day (G = 1.70, P = 0.19). Significance of the sex ratio by day interaction
was marginal (G =3.76, P =0.052).

Offspring from the younger hosts were larger, and the degree to which they
were larger was not significantly different for daughters versus sons (Table 2).

Offspring survivorship
More eggs were oviposited by females that received 0-day-old versus 3-day-old hosts
and by mated versus virgin females (Table 3). Offspring survivorship was greater on 0-
day-old versus 3-day-old hosts (0.80 versus 0.05 for virgin females, 0.68 versus 0.06
for mated females; G =170.4, P <0.0001), and this effect of host age on survivorship
was independent of mating status (G = 0.34, P = 0.56). Survivorship was independent
of maternal mating status (G = 0.83, P =0.36).

Mated females produced a greater proportion of sons when they received only
3-day-old versus only 0-day-old hosts (0.42 = 0.15, 0.00 - 1.00, N = 8 versus 0.15 +
0.03, 0.00 - 0.60, N = 32; Mann-Whitney U = 81.5, 1t P = 0.05).

Offspring developmentFemales and males took equally longer developing on 3-day-old
versus 0-day-old hosts, about 1 d longer; and males developed more quickly than



females (Table 4).

Hosts lacking emergence holes were dissected open two weeks after the last
parasitoid emerged. Nineteen unemerged adult parasitoids were found; all but 1 were
dead or nearly so. The percent of adult parasitoids that were unemerged was
significantly greater for 3-day-old hosts than for 0-day-old hosts (8.51% versus 2.93%,
G =5.57, P <0.03). For 0-day-old hosts there was no significant difference in the
proportion of sons among unemerged versus emerged parasitoids (43%, N = 7 versus
31%, N =230; G =0.40, P > 0.50). For 3-day-old hosts, there was a significantly
higher proportion of sons among unemerged versus emerged parasitoids (83%, N = 12
versus 29%, N =128; G =13.93, P <0.001).

Subsequent fitness

In the first subsequent-fitness experiment, prior exposure to 0-day-old versus 3-day-old
hosts had no significant effect on a mother's offspring production on day 7 (sign test: 2t
P =0.50) or on her subsequent longevity (9.4 + 0.4 d versus 10.1 + 0.3 d; t;3 = 1.43, 2t
P =0.11). Zero of 14 females in the 3-day-old host treatment and 2 of 14 females in the
0-day-old host treatment produced offspring on day 7.

In the second subsequent-fitness experiment, most mothers still produced
offspring on their fifth day of oviposition: 14 of 23 mothers that received 0-day-old
hosts; 15 of 23 mothers that received 3-day-old hosts. Whether a female had previously
been exposed to 0-day-old or 3-day-old hosts had no significant effect on the number
of offspring she produced on the fifth day (ANOVA: F;,, =0.13, P =0.72), and there
was no significant interaction between the effect of previous host age (days 1-4) and
current host age (day 5) (ANOVA: F;,, =0.94, P =0.34).

Drilling and preference

Females exhibited no strong preference between 0-day-old hosts and 3-day-old hosts
prior to their first videotaped drilling attempt, regardless of whether they had been
exposed to hosts the previous day. For inexperienced females, the number of females
choosing the 0-day-old host versus the 3-day-old host did not differ for first drill
attempt (19 versus 14; X = 0.76, P =0.38), first host contact (24 versus 15; X = 2.08,
P =0.15), or first antennating (20 versus 18; X* = 0.11, P = 0.75). The number of drill
attempts per female in 0-day-old hosts was not significantly greater than in 3-day-old
hosts (1.97 £ 0.27 versus 2.39 + 0.39; t3; = 0.92, 2t P = 0.36) even if females that host
fed are excluded. Likewise, for experienced females, the number of females choosing
the young versus old host also did not differ for first drill attempt (13 versus 13; X° =
0.00, P =1.00), first host contact (12 versus 16, X = 0.57, P =0.45), or first
antennating (13 versus 15; X =0.14, P = 0.71).

For inexperienced females, drill attempts were more often completed on 0-
day-old than on 3-day-old hosts (55% + 9% versus 18% = 7%; t;s = 3.23, 1t P =
0.005). However, there was no evidence that completed drills were quicker on 0-day-
old than on 3-day-old hosts (within-female comparison: 18.8 = 4.8 min versus 13.6 +
0.8, t4 = 1.08, 2t P = 0.34; treating each drill as independent: 16.7 + 2.0 min versus
12.6 £ 10, ta13= 181, 2tP = 008)

Nine of 33 completed drills resulted in host feeding: 4 on 0-day-old hosts, 5



on 3-day-old hosts. No adult parasitoid offspring nor adult flies were produced from
these 9 hosts. Four of the 9 females that host fed completed drills on both hosts; in all
cases, the female fed from the 3-day-old host before a complete drill on the 0-day-old
host, which was not fed on.

Of the 17 females whose first completed drill was on a 0-day-old host, only
one subsequently completed a drill on the 3-day-old host as well; whereas of the 8
females whose first completed drill was on a 3-day-old host, 6 subsequently completed
a drill on the 0-day-old host (G = 13.04, P < 0.001). Although only 7 females
completed drills on both hosts, 23 attempted to drill both hosts. Eleven females made
attempts on only 1 host; 5 made no attempts on either host.

Discussion

Consistent with the host quality model prediction, female S. endius produced a greater
proportion of daughters from 0-day-old than from 3-day-old hosts when given a choice
of host ages. They also did so when not given a choice. The sex ratio effect appears to
result from mothers' oviposition behavior, not just from differential mortality of
daughters and sons after oviposition: The greater failure of sons than daughters to exit
older hosts is too small to explain the sex ratio effect, and the effect of host age on
offspring survivorship during development was independent of maternal mating status.
Two previous studies of S. endius found no differential mortality of the sexes, the same
strain of S. endius parasitizing small and large hosts (Napoleon and King 1999) and a
strain from Southwell, England, parasitizing young hosts (Donaldson and Walter
1984).

S. endius's sex ratio response to host age is consistent with the sex ratio
response to host size in this same strain (Napoleon and King 1999). In contrast, host-
size dependent sex ratios have not been found in S. endius from Southwell, England;
from Indiana, USA; or from India (Donaldson and Walter 1984; King 1991; Napoleon
and King, 1999). The host-age dependent sex ratios that have been found in other
species of solitary parasitoid wasps also show an increased proportion of daughters
from host ages that represent more food for the parasitoid, consistent with the host
quality model prediction and the present study (Godfray 1994).

The host quality model assumes that poor host quality is more detrimental to
daughters than sons. However, host age had no differential effect on daughters versus
sons in terms of size, survivorship or duration of development. Thus, for S. endius's
sex ratio manipulation to be adaptive, the greater size or quicker development of
offspring from 0-day-old hosts must provide a greater advantage to daughters than to
sons. In addition, the advantage must be large enough to compensate for the
disadvantage of sons being disproportionately trapped in 3-day-old hosts. Effects of
body size on fitness have not been examined for S. endius. Ideally, fitness effects
should be studied over multiple field seasons because effects vary with conditions even
in the field (Heinz 1996; Kazmer and Luck 1995; West et al. 1996).

That the S. endius offspring from the younger hosts were larger as adults,
developed more quickly, had greater survivorship and were better able to exit hosts
may all be related. Larger offspring may have less difficulty chewing out of hosts. Or



perhaps the puparia of hosts that are parasitized when 0-day-old are less difficult to
chew through. Less difficulty chewing out and perhaps in biting through the pupal
integument (within the puparium) may speed development.

Previous experience with 0-day-old versus 3-day-old hosts had no apparent
effects on a mother's subsequent fitness. Perhaps the greater difficulty drilling older
hosts was offset by females completing fewer drills on them. Effects of host age on a
mother's subsequent fitness have not been well-explored other than reports of increased
risk of injury from older larval hosts as a result of their stronger defence behavior (e.g.,
Mattiacci and Dicke 1995). Whether older larval hosts are also more difficult to pierce
or to adequately paralyse remains to be tested.

Although S. endius females differentially oviposited in 0-day-old versus 3-
day-old hosts, there was no evidence of differential drilling attempts. Why is unclear.
Old hosts are darker and have harder puparia than young hosts, and female S. cameroni
distinguish between them even prior to antennation of the host (King 1998).
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Table 1 Number of adult offspring when each mother received
10 0-day-old and 10 3-day-old hosts on each of two successive days.

0-day-old hosts 3-day-old hosts
Mean+SE n Mean+SE n
(Range) (Range)

Day one 34+03 39 1.9+03 39
(0-38) (0-38)

Day two 47+04 39 33+0.5 39
0-9) 0-9)

host age: F; 33 =18.54, P < 0.001
day: Fy 35 =14.76, P < 0.001
host age by day: F; 33 =0.07, P =0.80

Conclusions are unaffected by excluding the 3
females that produced no offspring.

Table 2 Weight (mg) of female and male adult offspring from 0-day-old hosts
and from 3-day-old hosts.

0-day-old hosts 3-day-old hosts
Mean+SE n Mean+SE n
(Range) (Range)

Females 0.27+£0.007 14 0.26 + 0.009 14
(0.23-0.31) (0.19-0.31)

Males 0.17£0.005 14 0.15 +0.004 14
(0.14 - 0.20) (0.14 - 0.18)

host age: F; 13 =4.75, P =0.048
offspring sex: F; 13=370.84, P <0.001
host age by offspring sex: F; 13 =0.63, P =0.44

Conclusions are unaffected by excluding an outlier, a "dwarf" female.



Table 3 Number of eggs from 10 hosts when each female,
virgin or mated, received either 20 0-day-old or 20 3-day-old hosts.

0-day-old hosts 3-day-old hosts

Mean+SE n Mean+SE n
Virgin 5.5+0.6 33 43+0.6 33
Mated 7.3+0.5 33 52+0.6 33

host age: F; 3, =6.70,P =0.014
mating status: F; 3, =6.95, P=0.013
host age by mating status: F; 3, =1.10, P =0.30

Table 4 Duration of development (days) for offspring from 0-day-old

hosts and from 3-day-old hosts.

0-day-old hosts 3-day-old hosts
Mean+SE n Mean+SE n
(Range) (Range)
Female 40+0.1 144 41+0.2 89
offspring (38 - 45) (38 -47)
Male 38+0.2 68 39+ 0.4 37
offspring (36 -47) (35-44)

Host age: Fy 334 =27.85, P <0.001
Wasp sex: Fi 334 =193.36, P <0.001
Host age by wasp sex: Fy 334 =0.09, P=0.77

The F values are for ranked data because assumptions of
normality were not met; however, conclusions are unaffected
by using untransformed data.
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