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Does the mating status or body size of a female parasitoid wasp affect her
host size choice or propensity to burrow? In Spalangia endius, using smaller
hosts appears to reduce a female’s cost of parasitization but not her son’s fit-
ness. However, virgin females, which produce only sons, did not preferentially
parasitize smaller hosts. Mated females also showed no host size preference.
Mated females burrowed more than virgins in the presence of hosts, although
not in their absence. Burrowing may reduce a mated female’s harassment from
males, and not burrowing may increase a virgin female’s chance of mating
because males avoid burrowing. Mating did not increase female longevity.
Greater female size increased the offspring production of mated females bur-
rowing for hosts but not in the absence of burrowing and not in virgin females.
A female’s size had no significant effect on whether her first drill attempt was
on a large or a small host or on the duration of her successful drills.
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INTRODUCTION

The evolution of behaviors is often described in terms of costs and benefits.
Individuals are expected to behave in ways which maximize net benefits.
However, the behavior that yields the greatest net benefit may vary among
individuals because of differences in benefits and/or costs of a behavior
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among individuals. For example, virgin and mated females may behave
differently because of differences in benefits and costs of mating. In many an-
imals, virgin females need to mate to produce offspring, and mated females
do not. However, in arrhenotokous wasps, bees, and ants, virgin females can
produce male offspring, whereas mated females can produce both sons and
daughters. The study reported here uses an arrhenotokous parasitoid wasp,
Spalangia endius Walker (Hymenoptera: Pteromalidae), to examine how a
female’s mating status and body size affect her resource use, specifically her
use of different host sizes and substrate depths.

Spalangia endius females burrow through decaying organic matter or
manure to parasitize pupae of certain fly species (Rueda and Axtell, 1985a).
These fly pupae are of variable size (King, 1990) and are located at variable
depths (Rueda and Axtell, 1985a). A female drills through the puparium of a
host with her ovipositor, then deposits an egg on the host pupa within or feeds
on fluids from wounds that she makes in the host. One offspring is produced
per host. An adult female ecloses with some eggs but must host-feed to
produce additional eggs (Gerling and Legner, 1968). As adults, females are
generally larger than males (Napoleon and King, 1999). It is possible that
some S. endius females remain virgin or become sperm-depleted in nature.
Sperm-depleted females are functionally equivalent to virgins, producing
only sons. In the congener S. cameroni Perkins many females leave the natal
site without having mated (Myint and Walter, 1990). In Bracon hebetor Say
in the laboratory about 10% of females do not mate even in the presence
of males (Guertin et al., 1996). Virgin or sperm-depleted females have been
found at oviposition sites in nature in B. hebetor and some other parasitoid
species (reviewed by Godfray, 1994).

An arrhenotokous female’s mating status may affect the relative ben-
efit of choosing large versus small hosts (Nishimura, 1997). In S. endius,
the fitness of daughters, but not sons, appears to be affected by host size
(Napoleon and King, 1999). Thus, large hosts may benefit mated females
when they produce daughters but are of no greater value than small hosts
for virgin females since they produce only sons. However, large hosts may
be more costly to parasitize (e.g., Kouamé and Mackauer, 1991). In the case
of pupal hosts, the puparium may take more time or energy to drill through
(e.g., King, 1994). Given a higher cost of large hosts without a compensatory
benefit, virgin females are expected to prefer small hosts. Whether mated
females prefer large or small hosts should depend on the relative benefit
of large hosts (in terms of the incremental fitness of daughters) versus the
added cost of parasitizing large hosts.

A female’s mating status may affect not only the benefit and cost of
different host sizes but also the benefit and cost of different host microhab-
itats. Searching for hosts in microhabitats used by males may benefit virgin
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females via the opportunity to mate. Mating may be advantageous to virgins
by allowing the production of daughters: sex ratio theory predicts an advan-
tage to being able to produce particular ratios of daughters to sons, provided
population size is finite (Verner, 1965). Searching for hosts in microhabitats
used by males may cost mated females via harassment (e.g., McLain and
Pratt, 1999), particularly if females are monogamous as is generally true of
S. endius (unpublished data). In S. cameroni, males have been caught in
traps placed above the substrate (Myint and Walter, 1990). Assuming that
males are not also found down in the substrate, it might be advantageous for
virgin females also to stay on or above the substrate but for mated females
to burrow out of reach and in search of hosts.

The present study tests the predictions that virgin females prefer small
hosts to large hosts and burrow less than mated females. Assumptions that
led to these predictions are also tested: that large hosts are more costly than
small hosts to parasitize, that males are usually on or above the substrate
surface, and that mating does not nutritionally benefit a female, as measured
by the effect of mating on longevity. Finally, whether the ability to parasitize
hosts increases with female size is tested. Large size will have a more positive
effect on the fitness of mated than of virgin females if (1) mated females
parasitize more large hosts, and parasitizing large hosts is easier for larger
females, or (2) mated females burrow more than virgin females, and larger
females can better push their way through the substrate than smaller females.

METHODS

General Methods

Experiments were performed within a year of establishing a S. endius
colony from wasps collected at Zephyr Hills, Florida. Wasps were reared on
a natural host, Musca domestica L. (Diptera: Muscidae). Different host sizes
were produced by varying the number of fly eggs per container of medium
[a mixture of Purina fly larvae medium, fishmeal, vermiculite and water
(King, 1988)]. After all hosts had been removed, the host medium was used
in the two burrowing experiments below. Large hosts were about 1.5 times
the volume of small hosts. Large hosts were used in all experiments unless
specified otherwise. Hosts were less than 1 day old (from when the puparium
turned red) when initially presented to the wasps. Females referred to as
“mated” were less than 2 days old (unless otherwise noted) and had been
observed to mate with a newly emerged virgin male.

To keep the statistical power high, specific hypotheses were examined,
and with directional tests (i.e., not analyses of variance) when warranted by
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predictions made in the introduction. Two-tailed P values are indicated by
“2tP”; one-tailed values, by “1tP.” Means ± standard errors are presented.

Offspring Production Experiment

This experiment was to determine (1) whether virgin mothers produce
more offspring from small hosts than from large hosts, (2) whether mated
mothers produce more offspring from large hosts or from small hosts, and
(3) whether female size positively affects offspring production. Female head
width was variable (0.57 ± 0.002 mm; range, 0.52 to 0.62 mm) and did not
differ with mating status (t = 0.55, df = 59, 2tP = 0.58). Head width is
positively correlated with other measures of body size in S. endius (Napoleon
and King, 1999). Each female was presented with 10 small and 10 large hosts
for 1 day in a plastic vial (40 mm high, 36-mm top diameter, 27-mm bottom
diameter), with a drop of honey on the side of the vial for food. The two host
sizes were separated by a ridge of used host medium, across which females
freely walked.

Videotape Experiment

This experiment was to determine whether (1) large hosts are more
difficult to drill than small hosts (as measured by speed and success of drills),
(2) virgin females first try to drill small hosts rather than large hosts, (3) mated
females show a host-size drilling preference, (4) larger females are faster or
more successful at drilling, and (5) larger females are more likely than small
females to try drilling large hosts first.

Each of 39 females was videotaped for 3 h with one small host and one
large host placed parallel to each other about 1.5 wasp lengths apart in a
35-mm-diameter× 10-mm-deep petri dish. A small drop of water was used
to secure each host to the dish. The relative position of the small versus the
large host was alternated between females. Females had no prior experience
with hosts or honey.

During videotaping, illumination was from fiber-optic lights, which gave
off no noticeable heat. The following data were collected from these
videotapes.

(1) When the female first began antennating a host
(2) When, and which host, the female first attempted to drill for at

least 1 min and whether the drill was successful [that is, whether
the female was able to insert her ovipositor fully through the host
puparium (King, 1994)]
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(3) The total number of drill attempts and the number that was
successful

(4) Duration at the first drill site from the start of drilling to success

Drill success was estimated as the proportion of drills that were successful
among drills for which success could be determined.

Burrowing-Without-Hosts Experiment

This experiment was to determine whether the propensity to burrow
differs between virgin and mated females and between mated females and
mated males. Each wasp was placed in a glass vial 7 cm high and 2 cm in
diameter, filled three-fourths full of used host medium and plugged with
cotton. Mated wasps had mated within the 3 min prior to placement in the
vial. After 30 min in the vial, wasp position was recorded, i.e., whether a wasp
was in the deeper half of the medium, in the upper half of the medium, or
between the media and the cotton. Vertical spatial distribution patterns in the
laboratory are predictive of distribution patterns in the field (Legner, 1977;
versus Rueda and Axtell, 1985b; Guertin et al., 1996). Using the chi-square
test of independence, the observed distributions of wasps were compared
to those expected if the wasps were distributed among sections of the test
container in proportion to the relative volume of each section.

Burrowing-with-Hosts Experiment

This experiment was to determine whether mated females burrow more
than virgin females, thus parasitizing more buried hosts and fewer unburied
hosts, and whether larger females parasitize more hosts. Female head width
was variable (mean = 0.55 mm; range, 0.46 to 0.61 mm; n = 75) and did not
differ by mating status (Mann–WhitneyU = 778.0; n = 40 or 41; 2tP = 0.69).

Each female was placed in a black plastic vial, 3 cm in diameter and
4.6 cm deep. On the bottom of the vial were five hosts covered with 3 cm of
used host medium (=buried hosts), and on top of the medium were five more
hosts (=unburied hosts). Mated females had mated within 3 min of being
placed in the vial. The vial was covered with a white cotton cloth secured
with a rubber band.

After 2 days in the vial, whether the female was in the deeper half of
the medium was recorded, and her head width was measured. Hosts were
dissected to determine the number of hosts parasitized (i.e., with at least one
egg) for each female for buried and for unburied hosts.
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Longevity Experiment

This experiment was to determine the effect of mating status on
longevity. Mating by males might reduce their longevity by using up re-
sorbable nutrients in the sperm and seminal fluid, and those same nutrients
might increase a female’s longevity, at least in the absence of any other
energy source. Wasps that had emerged within the last 24 h were isolated
in test tubes plugged with cotton, which was moistened daily. Wasps were
maintained at 29◦C and longevity determined to the nearest day.

RESULTS

Offspring Production Experiment

No female produced offspring from all 20 hosts; the average offspring
number was 12.8±0.31 (n = 76). Virgins did not produce significantly more
offspring from small hosts than from large hosts (6.4 ± 0.29 versus 6.1 ±
0.35; t = 0.69, df = 37, 1tP = 0.25). Offspring production of mated females
also did not differ for small versus large hosts (6.6± 0.27 versus 6.6± 0.32;
t = 0.22, df = 37, 2tP = 0.83). The total offspring production from small and
large hosts combined was independent of the mother’s mating status (t =
1.18, df = 74, 2tP = 0.24). The mean proportion of sons produced by mated
females was 0.15 ± 0.02 (n = 38; range, 0.00–0.67) and was independent of
the mother’s size (correlation of ranks = 0.16, n = 30, 2tP = 0.19).

Offspring production did not increase with the female’s size, regardless
of whether the female was mated or virgin or was ovipositing in large or small
hosts (mated, large hosts, r2 = 0.026, df = 28, 1tP = 0.20; mated, small hosts,
r2 = 0.0082, df = 28, 1tP = 0.32; virgin, large hosts, r2 = 0.0087, df = 29,
1tP = 0.31; virgin, small hosts, r2 = 0.066, df = 29, 1tP = 0.087).

Videotape Experiment

Mated females did not differ significantly from virgin females in
(1) duration until they first began exploring hosts with their antennae (22±
10.1 versus 20± 6.9 s; t = 0.14, df = 36, 2tP = 0.89), (2) duration until their
first drill attempt (48± 8.6 versus 67± 9.4 s; t = 1.52, df = 30, 2tP = 0.14),
or (3) number of total drill attempts (4.2± 0.72 versus 2.9± 0.63; t = 1.32,
df = 37, 2tP = 0.20).

Host size did not influence which host a female drilled first for either
virgin or mated females: 56% of virgins drilled the small host first (χ2 = 0.25,
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P > 0.50), and 50% of mated females drilled the small host first (χ2 = 0.00,
P = 1.00). Likewise, drill attempts were not more often on small hosts than
on large hosts for virgin females (62±11% on small hosts; t = 1.14, df = 15,
1tP > 0.20) or mated females (54 ± 9% on small hosts; t = 0.50, df = 17,
2tP > 0.50).

Drills took about one and a half times longer on large hosts than on
small hosts (mated and virgin females combined: 1241±153 versus 790±77 s;
t = 2.75, df = 26, 1tP = 0.006). However, the proportion of drills that were
successful was not significantly lower for large hosts than for small hosts
(0.33± 0.084 versus 0.38± 0.084; t = 0.44, df = 47, 1tP = 0.33).

Females that tried to drill the large host first were not significantly
larger than females that tried the small host first (mated and virgin females
combined, head width—0.554± 0.006 versus 0.557± 0.005 mm; t = 0.32,
df = 31, 2tP = 0.75). Drill duration did not greatly decrease with increas-
ing female size for drills into large hosts or drills into small hosts (mated
and virgin females combined: r2 = 0.076, df = 10, 2tP = 0.38; r2 = 0.095,
df = 13, 1tP = 0.13). Likewise, greater female size did not result in a large
increase in drilling success for large hosts or for small hosts (mated and vir-
gin females combined: r2 = 0.10, df = 20, 1tP = 0.08; r2 = 0.019, df = 23,
2tP = 0.51).

Burrowing-Without-Hosts Experiment

Mated and virgin females did not differ from each other in vertical
distribution (Table I) (G= 0.55, df = 2, P > 0.90). Mated females did differ
from mated males (G= 16.65, df = 2, P < 0.001): females were found in all
three parts of the vial, whereas males were not found in the deeper half of
the medium. The distribution of the females was not significantly different
from random, whereas the males’ distribution was (Table I).

Table I. Wasp Distribution [Number and (Proportion)] in the Absence of Hosts

Virgin Mated Mated Expected
females females males if randoma

Above medium 13 (0.34) 14 (0.37) 14 (0.67) 0.25
Upper one-half of medium 10 (0.26) 12 (0.32) 7 (0.33) 0.38
Deeper one-half of medium 15 (0.39) 12 (0.32) 0 (0.00) 0.38

Compared to expected
χ2 2.60 2.84 22.56
P >0.10 >0.05 <0.001

aExpected based on vial volume.
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Fig. 1. Number of hosts parasitized versus mated mother’s head width. (H, —)
Buried hosts: r2 = 0.18, df = 36, 1tP = 0.0043; y = 22.7x− 9.9. (N, ---) Unburied
hosts: r2 = 0.09, df = 36, 1tP = 0.030; y = 17.8x − 7.1.

Burrowing-with-Hosts Experiment

Twenty-six of 35 mated females were in the deeper half of the medium,
versus only 15 of 31 virgin females (χ2 = 4.69, P = 0.03). Mated females
parasitized more buried hosts than did virgins [2.6 ± 0.26 (n = 38) versus
1.9± 0.24 (n = 38); t = 1.94, 1tP = 0.028] and did not parasitize significantly
fewer unburied hosts than virgins [2.7 ± 0.28 (n = 38) versus 2.3 ± 0.26
(n = 38); t = 1.10, 2tP = 0.27]. The number of hosts that were parasitized by
mated females increased with the mother’s head width (Fig. 1). The number
of hosts that were parasitized by virgins was not significantly related to the
mother’s head width (buried hosts, r2 = 0.015, df = 35, 1tP = 0.23; unburied
hosts, r2 = 0.015, df = 35, 2tP = 0.46).

Longevity Experiment

The longevity of mated males was not less than that of virgin males
[10.59± 0.085 (n = 40) versus 10.07± 0.25 (n = 38)]. Likewise, the longevity
of mated females was not greater than that of virgin females (8.92 ± 0.22
versus 9.28± 0.24; t = 1.07, df = 77, 2tP = 0.29).
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DISCUSSION

Cost of Drilling and Host Size Preference

Virgin S. endius females exhibited no strong preference for small hosts
despite the apparently greater cost of drilling large versus small hosts and
the absence of any apparent fitness advantage to developing on large hosts
for sons (Napoleon and King, 1999). There was no significant preference
either in terms of which host size they first tried to drill or in terms of the
host size from which they produced more offspring. Mated females likewise
showed no host size preference. S. endius females also lack a host age drilling
preference (King, 2000).

Why did virgin females, whose sons’ fitness seems to be unaffected by
host size (Napoleon and King, 1999), not avoid large hosts because they take
longer to drill? One explanation is that even if some females remain virgin
for life, most probably do not (Godfray, 1994), in which case, selection for
virgin-specific oviposition behaviors may be weak. In some other parasitoid
wasp species, virgin females exhibit the same movements that mated females
perform during the act of fertilization, despite virgins’ inability to fertilize
their eggs (reviewed by Godfray, 1994, p. 203). Behaviors associated with
the act of fertilization have not been identified in S. endius. An alternative
explanation for virgins not avoiding large hosts is that the greater time and
energy necessary to drill large hosts may not represent a true cost, e.g., if
time and energy to drill are not limiting.

Host size preference of virgin females has been examined in only two
other parasitoid wasp species (Nishimura, 1997; Honek et al., 1998). The
pattern of preference is not consistent between these species, or with S.
endius, and data on how host size affects male fitness are lacking for these
species. Host size preference in parasitoid wasps has more commonly been
examined for mated females (reviewed by Godfray, 1994).

The relative costs of parasitizing large hosts has not been well studied
among pupal parasitoids but has been documented for some larval para-
sitoids. For larval parasitoids, a higher cost of parasitizing larger hosts ap-
pears to be related to greater active defense by larger hosts, e.g., thrashing
and biting (e.g., Brodeur et al., 1996; Chau and Mackauer, 1997).

Effect of Mating Status and Body Size on Fitness

Mating had a positive effect on S. endius’s offspring production in one
experiment but no effect in another. Among parasitoid wasps in general,
no significant difference in offspring production between mated and virgin
females (Sandlan, 1979; Collins and Grafius, 1986; Hall and Fischer, 1988;
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King, 1988; Hooker and Barrows, 1989; Heinz and Parrella, 1990; Petitt and
Wietlisbach, 1993; Doury and Rojas-Rousse, 1994; Ramadan et al., 1995;
Guertin et al., 1996; Fauvergue et al., 1998) and mated females produc-
ing more offspring (Nong and Sailer, 1986; references cited by Godfray
and Hardy, 1993; Michaud, 1994; Edwards and Hoy, 1998) have been re-
ported with about equal frequency. Reports of virgin females producing
more offspring are fewer (references cited by Godfray, 1994; Carpenter,
1995; Nishimura, 1997). Among arrhenotokous nonhymenopterans, no sig-
nificant difference between virgin and mated female’s offspring production
has been reported for a thrips (Nakao, 1993) and some mites (Wheatley,
1990; Enkegaard et al., 1997); however, in many other mites, mated females
produce more offspring than virgins do (Bonato and Gutierrez, 1999, and
references therein).

Mating had no significant effect on adult longevity for either females
or males in S. endius. This, and the absence of a positive effect of mating on
offspring production in the absence of burrowing, suggests that females do
not obtain a substantial nutritional contribution from males during mating.
Lack of nutritional contributions seems to be typical of parasitoid wasps
(reviewed by Godfray, 1994, p. 276; but see Alcock and Gwynne, 1987; Jervis,
1998), in contrast to some other arthropod groups (reviewed by Vahed, 1998;
Elgar, 1998).

Greater female size increased offspring production of mated females
burrowing for hosts, but not in the absence of burrowing and not in virgin
females. Greater body size had little or no affect on the speed or success of
drilling.

Substrate Depth

That male S. endius were more often on or above the host medium
than were females is consistent with the few other parasitoid wasps studied,
e.g., S. cameroni (Myint and Walter, 1990) and B. hebetor (Guertin et al.,
1996). Given that S. endius males were not found in the deeper half of the
host medium, mated females may be able to avoid mating harassment by
burrowing, and virgin females may be able to increase their chances of mating
by not burrowing. Mated females were deeper than virgin females only when
hosts were present. One possibility is that in the absence of hosts, mated
females did not remain below surface after exploring for hosts but, rather,
returned to the surface to travel to a new site in search of hosts. In B. hebetor,
virgin females more often stay on the surface of the host media; and when
they do burrow, do not go as deep as mated females, at least when hosts are
present (Guertin et al., 1996).
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Selection on virgin females to stay in microhabitats frequented by males
may be weaker among arrhenotokous species than among nonarrhenotok-
ous sexual species. In arrhenotokous species, staying may cost a virgin female
in lost opportunities to oviposit sons, whereas there may be no such cost in
regular diploid sexual species because virgin females cannot produce any off-
spring, not even sons. At present there are data on too few arrhenotokous
species to evaluate this hypothesis.

Virgin females in arrhenotokous species have been described as “con-
strained” in the sense of being able to produce only sons (Godfray, 1990).
They may also be constrained by their choice of microhabitat. However, in
S. endius, the degree of constraint may be slight because some hosts are
found on the surface of the substrate (King, personal observation), where
males are.

Although the term “alternative breeding strategy” has been used pri-
marily for males (e.g., Krebs and Davies, 1993), the difference in propensity
to burrow between mated and virgin females can also be thought of as an
alternative strategy. In contrast to many male alternative breeding strate-
gies, the strategy switch in S. endius females is associated with mating status
rather than body size.
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