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Ovipositional Mechanism of an Ecto-parasitoid,
Goniozus legneri Gordh (Hymenoptera: Bethylidae)

How-Jing Lee Department of Plant Pathology & Entomology, National Taiwan University, 1 Roosevelt Road, Sec. IV, Taipei, Taiwan, R.0.C.

ABSTRACT

Goniozus legneri Gordh is a gregarious ecto-parasitoid of the navel
orangeworm, Amyelois transitella (Walker). G. legneri was able to attack any
larval stage of a substitute host, Anagasta kuehniella (Mediterranean flour
moth) and regulated the number of eggs laid on the host. There was a linear
relationship between the host body mass and the number of parasitoid eggs laid.
If extra eggs were artificially added to the host, the survival of the parasitoid
decreased accordingly. Although the actual ovipositional mechanism is unclear,
the volume of injected venom to paralyze a host was not taken into account for
the information to determine the number of eggs to be laid. Female parasitoids
massage the paralyzed hosts to expel gut contents in order to provide a
contaminant-free environment for the offspring. However, the mother perform
ed no elaborate maternal care behavior, such as picking up dislodged eggs or
larvae and replacing them on the host.
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Introduction

Goniozus legneri Gordh is a gregari-
ous ecto-parasitoid of the navel orange-
worm (NOW), Amyelois transitella (Wa-
lker), which is the most serious pest in
almond orchards of California (Gordh et
al., 1983). The parasitoid was imported
into California from southern Uruguay
for biological control of NOW (Legner,
1982a, b; Gordh et al., 1983; Legner and
Silverira-Guido, 1983). G. legneri has
become widely established in almond
orchards throughout California and sig-
nificantly reduced the density of NOW
(Legner and Warkentin, 1988). The para-
sitoid also appears promising for the
control of pink bollworm, Pectinophora
gossypiella (Saunders), in cotton fields of
Arizona and California (Butler and
Schmidt, 1985).

Several Goniozus species have been
shown to be capable of regulating the
number of eggs deposited on the host
according to the size of the host (Gordh
and Hawkins, 1981). My objective is to
investigate what is the regulating
mechanism in G. legneri and how it
works. The maternal care of G. legneri is
also investigated because several Gonio-
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zus species have shown some degree of
maternal care (Chatterjee, 1941; Avasthy
and Chaudhary, 1965; Gerling 1979).

Materials and Methods

Insects

The parasitoid, G. legneri, was ob-
tained from laboratory culture in the
Division of Biological Control, Depart-
ment of Entomology, University of Califo-
rnia, Berkeley. The adult parasitoids were
kept in glass vials (4 x 0.5 cm diam.) with
cotton plugs. Honey droplets were smea-
red on the wall of vials to supply food for
the adults. Only 5-day-old female adults
were used in the experiment. Larvae of
the Mediterranean flour moth, Anagasta
kuehniella, which came from a culture in
the same laboratory, were used as sub-
stitute hosts and kept in plastic cups
(6X6 cm diam.). Oatmeal was supplied as
food source for the host.

Effect of host size on parasitoid
oviposition and survival

Twenty hosts of different sizes were
weighed and placed in an individual glass
vial (4x0.5 cm diam.) with a 5-day-old
mated female parasitoid. Honey was smea-
red on the wall as food for the parasitoid.




After 24 hours, the number of parasitoid
eggs laid on the host was recorded, and
females were dissected to determine the
number of mature eggs remaining inside
the bodies. This experiment was carried
out at 27 °C, with 12L: 12D conditions.

A similar experiment was set up
except that the survival of the parasitoids
was considered as an effect of the host
size. The survivalship was calculated as:
survivalship (%) =(number of adults
emerged / total number of eggs laid) x
100.

Effect of extra eggs added on survival
of the parasitoid

Forty A. kuehniella larvae were div-
ided into four equal groups. Each larva
was welghed before exposure to a female
parasitoid. After 24 hours of ovipositional
period, the female was removed and the
number of eggs was recorded. The extra
eggs of 0, 1, 2 or 3 of same age (within 6
hours), were added to each individual
host of the groups immediately after
removal of the female. The survivalship
(%) of total parasitoid eggs on a host
was calculated as an effect of extra eggs
added. This experiment also was carried
out at 27 °C, with 12L: 12D conditions.

Measurement of host size by the
parasitoid

Ten A. kuehniella larvae were wei-
ghed individually before exposing to a
female parasitoid. As female parasitoids
do not lay eggs until 20 hours after initial
sting on the hosts (personal observation),
each female was allowerd to paralyze a
host but not oviposit. After 20 hours of
exposure, each paralyzed host larva with-
out any parasitoid egg on it was switched
with another paralyzed larva. The females
were allowed to oviposit on the switched
hosts and the number of eggs laid were
recorded. Based on the linear regression
calculated from the host mass vs. number
of parasitoid eggs in the experiment
described in “Effect of host size on

parasitoid oviposition and survival”, the
expected number of eggs laid according to
the original or switched host mass was
calculated. The x° test (Sokal and Rohlf,
1981) was employed to compare the
number of eggs laid with the expected
number of eggs on the original or switch-
ed host. The analysis was to determine
which host provided the information for
the parasitoid to decide the number of
eggs to be laid.

Maternal care behavior of the
parasitoid

As females were allowed to be with
the hosts longer than the ovipositional
period, females might respond to the
sudden loss of eggs or larvae by laying
more eggs. Twenty A. kuehniella larvae
were set up for the oviposition of the
parasitoid. After 24 hours, half the nu-
mber of eggs laid were removed artifici-
ally from 10 hosts; then the parasitoids
were kept with the same hosts in the
vials. The remaining host larvae were
kept for another 24 hours before half the
number of parasitoid larvae were taken
out. All female parasitoids were allowed
to oviposit after artificial removal of eggs
or larvae. The additional eggs laid and
the development of larvae were observed.

In order to test whether G. legneri
performs maternal care behavior to repo-
sition disloadged eggs or larvae, twenty
A. kuehniella larvae were used for the
oviposition of the parasitoid. The experi-
mental set-up was similar to the experi-
ment described above, but only half the
number of eggs of larvae was brushed off
the hosts and placed in the vicinity of the
hosts with the parasitoids. The fate of the
brushed off eggs or larvae was recorded.

Results

Relationship between host body size
and parasitoid eggs

The effect of host body size on the
number of parasitoid eggs laid is shown
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Fig. 1. Relationship between the mass of host,
Anagasta kuehniella, and the number of
eggs of parasitoid, Goniozus legneri, at
27 °C, with 12L : 12D conditions (n=20).

in Fig. 1. It shows a positive relationship
between body mass and number of eggs.
The estimated linear regression i1s y=1.23
+0.35%x, in wlich y=no. of eggs, and
x=body mass. The high correlation coeffi-
cient (r’=0.85) indicates that the line
represents the majority of the data. The
mature eggs remaining in the female body
after oviposition for 24 hours were 3.2 *+
0.9 (n=20). This result indicates that the
parasitoid regulates the number of eggs
laid on the host.

The body mass of the host showed no
significant effect on the survival of the
parasitoid (Fig. 2). This result indicates
that the parasitoid utilizes the host tissue
of any age, because host age is the main
factor affecting the size in this experi-
ment. The result also indicates that the
number of eggs laid on hosts did not
exceed the capacity of food supply for the
parasitoid larvae.

The effect of extra eggs on the
survival of the parasitoid is shown in Fig.
3 The addition of extra eggs definitely
reduced the survival of parasitoid larvae,
although developmental time for the sur-
viving parasitoids from egg to adult was
roughly the same in four treatments
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(11£1 days). The negative correlation
between extra eggs and survival of para-
sitoids indicates that the original number
of eggs laid on the host should be a
maximum for that particular host.
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Fig. 2. Effect of body mass of Anagasta kuehniella
on the survivalship of the parasitoid, Gonio-
zus legneri, at 27 °C, with 12L : 12D condi-
tions (n=20).
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Fig. 3. Effect of addition of extra eggs on the
survival of the parasitoid, Goniozus legneri,
at 27 °C, with 12L:12D conditions
{(n=10}.

Measuring host body size

The effect of host switching on the
number of parasitoid eggs is shown in
Fig. 4. The line, calculated from the data
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Fig. 4. Relationship between the number of eggs laid by the parasitoid, Goniozus legneri
and body mass of host, Anagasta kuehniella, before and after switching hosts prior
to oviposition (n=10). The line (y=1.2340.35x) represents the relationship
between host body mass and parasitoid eggs calculated from Fig. 1.

of Fig. 1, is the expected relationship
between host mass and number of parasit-
old eggs. The «° test for the original or
switched groups to the expected line
shows that actual number of eggs laid is
based on the body mass of the switched
host.

Maternal care behavior

All the females except three did not
show continuous oviposition after half
the number of eggs was removed. The
survival of the remaining eggs, however,
showed a slight increase from 83% to
91%. No female oviposited on a host that
already had her larvae on it. The adult
parasitoids never picked up the eggs or
larvae which were artificially left in the
vicinity of the hosts. All the eggs or
larvae eventually died when left away
from the host body.

Discussion

Although parasitoids in a high-
density condition use the host tissues
more efficiently than those in a low-dens-
ity condition (Browne et al., 1969; Lee

and Chippendale, 1985), parasitoids tend
to lay the number of eggs up to the host’s
capacity to support the development of
larvae. According to the results (Fig. 1, 2
and 3), G. legneri actually regulated the
maximum number of eggs laid on a host.
The extra eggs added to the host reduced
significantly the survival of the parasit-
oid. As the parasitoid completed develop-
ment on diverse sizes of hosts (Fig. 2),
the parasitold was not restricted to
attack a particular larval stage of the
host. This finding also indicates that G.
legneri has a desirable character as a
biological control agent, because it can
respond to the pest density more quickly
in the field {Legner and Silveira-Guido,
1983).

There are several mechanisms that
are likely to be counted to regulate the
number of eggs laid on the host, such as
visual sensory, walking distance, biting of
mandibles, width of head capsule (Kishi-
tani, 1961), sensory of oviposition, or
volume of venom injected (Purrington
and Uleman, 1972). It is possible that G.
legneri may use all this information to
decide how many offspring the host can
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support. However, the amount of venom
injected to paralyze, but not to kill the
host, enables more precise measurement
of the size of the host. This relationship
could be true for other ecto-parasitoids of
which the ovipositors are the only body
parts that can reach concealed hosts.
Visual and body contacts of G. legneri
with the host during oviposition and the
close relationship between host body
mass and the number of eggs laid (Fig. 1
and Fig. 4) seem to indicate that G.
legneri utilizes other means than the
volume of venom to measure the size of
the host.

Because the larval development of G.
legneri is rapid (about 3 days at 27 °C), it
would be beneficial for the species if all
larvae on the same host developed syn-
chronously. (Lee and Chippendale, 1985);
the female should lay a clutch of eggs on
a host a one time to prevent age variation
among offspring on the same host. There-
fore, it would make sense for the female
not to lay eggs on the same host even
with a few hours delay of oviposition.
Three instances were observed in which
females made up the lost eggs that were
removed artificially. It is possible that the
females were still in an ovipositing mode
when half the number of eggs laid were
removed, and no time gap between previ-
ous and present laid eggs was found. The
pertinent finding of this experiment is
that the female adults could sense the
number of eggs existing on the hosts and
oviposit to compensate the lost eggs.

Before depositing eggs on the para-
lyzed host, G. legneri used her mandibles
to massage the host body in order to
excrete gut contents. This behavior pro-
vides an environment relatively free of
contamination for offspring, and also
provides a means of measuring the size of
a host, although the actual mechanism is
unclear.

No host feeding was observed, in
contrast to the finding of Gordh et al.
(1983). As only one host was provided for
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one female during oviposition, host fee-
ding might ruin the whole food source for
her offspring. In addition, honey was a
supplemental food source for adult fema-
les in all experiments; apparently females
required no host feeding to mature eggs.
G. legneri used mandibles to bite an
artificial intruder, such as forceps. How-
ever, the eggs or larvae that were left in
the vicinity of the host were not picked
up and replaced on to the host by
females. This result indicates that G.
legneri performs no elaborate maternal
care behavior as biting off intruder might
be the normal response of self defense.
Doutt (1973) concluded that defending
the potential host is evidently an adap-
tive feature to prevent hyper-parasitism
and to increase the likelihood of imma-
ture survival. As the reasons for the
larvae to leave the host in nature could
be: (1) expulsion by the siblings, (2)
shedding by the host, or (3) mandibles
being not strong enough to clamp on the
host, the separated larvae might represent
unfit or weak individuals that should be
eliminated according to natural selection.
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