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Host selection and sex ratio in a heteronomous hyperparasitoid

TREVOR WILLIAMS Department of Biology, Imperial College.
Silwood Park, Ascot, Berks.

Abstract. 1. Encarsia tricolor Férster is a heteronomous hyperparasit-
oid: females develop as primary endoparasitoids of Homoptera, whereas
males develop hyperparasitically in primary endoparasitoids, including
conspecific females.

2. When offered pupae of Encarsia inaron (Walker) or conspecific
pupae, E.tricolor showed a distinct preference to exploit E.inaron for
male production.

3. Parasitoids were given the opportunity to gain different types of
ovipositional experience on male and female hosts and were then
offered patches containing mixtures of male and female hosts in various
ratios. The mean sex ratio which they laid was not dependent on the
relative availability of each type of host, whereas' prior ovipositional

experience had a significant effect.
4. Adaptive reasons for the observed oviposition strategies are

suggested.
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Introduction

The ovipositional strategies of parasitoid wasps
are fundamental in determining the reproduct-
ive success of individuals adopting this particular
lifestyle. As such, the decisions made by ovi-
positing parasitoids have almost certainly been
subject to rigorous selective pressures.

Having encountered a patch of hosts, the
female parasitoid must decide the host species,
size or stage of host to attack as well as the
number of eggs and sex ratio to lay in each host.
The factors which may affect her decisions are
of both proximate and ultimate nature. Ultimate
(evolutionary) factors relate to optimal solutions
in cost/benefits tradeoffs: what is the best strat-
egy to adopt in order to maximize fitness (van
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Alphen & Janssen, 1982; Parker & Courtney,
1984; Iwasa et al., 1984; Charnov & Skinner,
1984, 1985; Bakker et al., 1985; Godfray, 1987;
Jannsen, 1989). Proximate, or immediate fac-
tors concern physiological and environmental
cues, such as host suitability (physiology, nu-
trition, size, immunity, etc.), the number of
mature eggs a female wasp has to lay, whether
or not she has mated, etc. (review by Vinson &
Iwantsh, 1980).

Heteronomous hyperparasitoids provide a
unique opportunity to test theories of host selec-
tion and sex ratio. Heteronomous hyperparasit-
oids are a remarkable group of solitary aphelinid
parasitoids, in which the sexes develop in differ-
ent hosts. Females always develop as primary
endoparasitoids of Homoptera, such as whitefly
and scale insects. Males, however, always
develop hyperparasitically at the expense of
conspecific females (or other species of primary
homopteran endoparasitoids). Thus, in heter-
onomous hyperparasitoids, host species selec-
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tion is irrevocably linked with the sex of the
offspring. Indeed, the ability of heteronomous
hyperparasitoids to discriminate between para-
sitized and unparasitized hosts and lay eggs of
the appropriate sex in each type of host, is what
determines the classification of this group of
parasitoids (Walter, 1983). Once inseminated,
a female heteronomous hyperparasitoid, like
many other arrhenotokous Hymenoptera, has
the ability to lay both male and female eggs by
selective fertilization of ova: haploid eggs de-
velop as males and diploid eggs as females
(Walter, 1983; Viggiani, 1984).

A number of authors have suggested that
heteronomous hyperparasitoids may have re-
laxed control over their sex ratios and simply
lay eggs of each sex according to the availability
of parasitized and unparasitized hosts (Flanders,
1939, 1942, 1956, 1967; Zinna, 1961, 1962;
Williams, 1977; Hassell ef al., 1983; Viggiani,
1984). Such a strategy would clearly result in
sex ratios which mirrored the relative abundance
of each host type at a particular moment. Het-
eronomous hyperparasitoid sex ratios which
reflect host abundance and which appear to
change over time have indeed recorded by
Kuenzel (1975) and Donaldson (1985).

Most recently, Godfray & Waage (1991) have
presented an argument to explain the reasons
why this kind of sex ratio pattern could have
evolved as a result of natural selection. Their
ideas can be summarized as follows. For most
parasitoid species in the field, the time spent
searching for hosts will generally be large com-
pared to the time spent ovipositing into victims.
If a wasp’s reproduction is limited not by the
ability to produce eggs, but rather by the ability
to locate hosts, it would clearly be maladaptive
for the wasps to reject any host discovered
providing that such parasitism did not hinder
future oviposition opportunities. Thus, when
hosts are scarce, the heteronomous hyperpara-
sitoid should lay an egg in each and every host
discovered, irrespective of the sex of egg laid
(type of host discovered). At the population
level, Godfray & Waage predicted that this
behaviour would lead to sex ratios reflecting the
relative frequencies of the two host types avail-
able in the environment.

When hosts are abundant, however, a para-
sitoid’s reproduction is more likely to be limited
by her rate of egg production. In such a situ-
ation, Godfray & Waage suggested that Fisher’s

(1930) rule should apply and the primary sex
ratio should show no bias (assuming that the
movement and mating of the population is not
restricted in space or time and that the cost of
producing each sex is equal).

In the case of heteronomous hyperparasit-
oids, it is also necessary to assume that a female
never hyperparasitizes her own daughters, i.e.
males never develop hyperparasitically on their
female siblings. Colgan & Taylor (1981) con-
sidered the effect of males developing at the
expense of their sisters. When this became more
frequent, male production became increasingly
costly and they predicted a sex ratio shift in
favour of females. When hyperparasitism of
siblings was very rare, however, the predicted
sex ratio was dependent only on the relative
costs of laying male and female eggs.

Data presented in this paper show ovi-
positional preferences in the heteronomous
hyperparasitoid - (facultative autoparasitoid
sensu Walter, 1983), Encarsia tricolor Forster.
Both sexes of E.tricolor are polyphagous. Fe-
males have been recorded as primary endo-
parasitoids of five species of whiteflies. Males
have been shown to be capable of hyperparasitic
development on six aphelinid species and one
eulophid (Vet & van Lenteren, 1981; Viggiani,
1984; Avila & Copland, 1987; Williams, 1989).

Strategies of oviposition in E.tricolor were
tested in two experiments. First, the ability of
E.tricolor to discriminate between Encarsia
inaron (Walker) pupae and conspecific pupae
for hyperparasitism was investigated. This indi-
cated the extent to which preferences for con-
specific, or alternative male hosts, could
contribute to unequal costs of male and female
production, as considered in the model of
Colgan & Taylor (1981). Encarsia inaron is a
native British species and is a normal, bisexual
parasitoid in which both sexes develop as pri-
mary endoparasitoids of whitefly.

Second, the effect of egg-limitation on sex
ratio was investigated given different ratios of
male and female hosts. In this situation, Godfray
& Waage (1991) predicted equal investment
should be allocated to each sex, i.e. sex ratio
should not be sensitive to the ratio of male and
female hosts offered. E.tricolor females were
either naive, or had been given prior oviposition
experience. The results of the host selection
experiment earlier, indicated that host species
should also be included as a factor.



Host selection and sex ratio in a heteronomous hyperparasitoid

Methods

(i) General. Throughout this study the
Cabbage Whitefly, Aleyrodes proletella
(Linnaeus) was used as the primary host. White-
fly and parasitoids were cultured in muslin-
walled cages at 25+1°C, 16:8 h L:D. The host
plant was brussels sprouts var. Winter Harvest.
These plants were grown in peat based com-
posed and used when 20—30 cm tall and bearing
approximately ten leaves. Both the parasitoid
and whitefly cultures were regularly supplemen-
ted with field-collected material for the duration
of the study.

Clip cages were used to confine parasitoids to
a leaf area containing known numbers of para-
sitized and/or unparasitized hosts. The clip
cages were constructed of one half of a Petri
dish 35 mm diameter, S mm deep, sealed to the
leaf by foam draught excluder around the lip of
the dish and held in place on the leaf by an
elastic band.

All experiments were conducted at 25°C,
16:8 h L:D photoperiod, unless otherwise
stated. All sex ratios are quoted as percent
male. .,

(ii) Host selection experiment. To generate
areas on leaves containing various ratios of
pupae of both species of parasitoids, between
one and four mated females of both E.inaron
and E.tricolor were offered a patch of third and
fourth instar whitefly simultaneously for 24 h.
Both sexes of E.inaron develop as primary
endoparasitoids. Parasitized scales were allowed
to develop until the early pupal stage (approxi-
mately 10 days), whereupon the leaf was cleared
of all unparasitized whitefly nymphs.

Female E.tricolor destined for use in exper-
iments emerged individually in gelatin capsules
and were always less than 24 h old when initially
chosen. An active male was introduced into the
capsule and observed to mate the female. Fe-
males were then ‘experienced’ for 24 h by ex-
posure to E.tricolor female pupae. After this
period of ovipositional experience, individual
female E.tricolor were transferred to the leaf
patch containing whitefly scales parasitized by
either E.tricolor female larvae or E.inaron
larvae, which had been generated 10 days pre-
viously. Each female E.tricolor was confined
within this patch using a clip cage for 24 h.
During this period she had the choice of laying
male eggs in either species of Encarsia.

379



