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tarvae at different stages and sizes.

Abstract: The study of two parasitoids of the leaf-miner Liriomyza rifolii (Burgess). Opius dissitus Muesebech and E
Heniptarsenus varicornis (Gira iy, was cenducted in the laboratory. 1t focused on the morphological and biological |
differences between the two spacies. and Uie production of females when contronted with a population of leat-miner

1 Introduction

Lirioniyza are small Diptera from the Agromyridac
family. They mine the leaves of a large number ol oral
and vegetable species (CHANDLER and VILLALLON,
1989). For many years. chemical pest control was the
only efficient means of cortrolling  these miners.
Hoewever, this caused strains ol L. trifolii (Burgess) that
were resistant 1o the most-commonly used insectivides
1o appear. Programmes for integrated control were thus
undertiken to wipe out swarms of this crop-destroying
insect. As L. grifolii was the natural host to a large
number of parasitoids (Scrusier etal., 1991), pest con-
trol through the release of other inseet species had an
important place in these programmes. The wm of this

study was to improve our knowledge of the biology of

Opins dissitus Muesebeck and {lemipiarsenus varicornis
(Giraulty, the natural parasitoids of L. trifolii (JOHNSON
and Hara, 1987: Scruster etad. 1991); few such studies
had been made before.

2 Materials and methods
2.1 Biological material

The stran of L. srifolii used in thy« study originates from the
island of Réunton. It was reared on beans and regencrated
periodically by bringing m subjects from the fields. /. var-
icorniy had the same origin. and is one of the principal antag-
onists of the leaf-miner in that region. It is originally from
the Holarctic zone, the region sitvated between the northern
hemisphere und the Tropic of Cancer. The strain of O. disyitus
under study came from Senegal where it was introduced in
1982 kv the FAO (Food Agriculiural Orgeanization) from
the CIBC (Commonweulth Instituie of Biological Control) in
Trinidad (Cory. 1984). These two parasitoids were reared on
the £ rifolii larvae in their last siage according to the tech-
nigue wsed in the laboratory (Borisat et al., 1992)

The diferent manipulations of “his study were carried out
in an atr-conditioned cell with the following conditions: tem-

pecatare, 254 1 Corelative humidity. 75+ 3% and 12 hi2 h
light and dark cvele.

2.2 The morphometric and biological differences hetween
the two entomophages

A dozen bean leaves which had been pre-infested with the
larvae of L. rrifolii (larval stages 1.2 and L3) were expuosed
daily to the laying females of the two parasitoids tor wwe
hours. They werce then placed in an air-conditioned cell to
allow the development of the parasitoids. Each day. dis-
sections of the larval and pupal stages of the host were made
m order to take the measirements of 100 indiv. at cach stage
lor cach species.

2.3 Time spread of the different biological stages of the
two entomophages

Bean leaves infested with the larvac of L. trifolif at stages L2
and L3 were leftin the laving-box in the presence of parasttoid
females tor 24 hvinstead of 2 h. Observations were made every
day inorder to obtain 100 indiv. at cach stage for cach species.

2.4 Influence of the larval stage of L. trifolii on the
parasitism of the two entomophages

For ¢ach species of parasttowd, 10 males and 10 females were
mtroduced into @ 450 mim cubic cage made of transparent
nlastic, the top of which was covered with a very fine meshed
material to allow for air. In this container we had previously
placed two lots of bean leaves, carrying L. trifolii larvac at
stages L1, L2 or L3, The number of larvae presented was
purposely large it order (o avoid the risk of “superparasitism’
by the parasitoids. Subsequently, the female adults were counted
as they hatched out. Ten replicates were carrted out for cach
larval stage and each of the two species of Hymenoptera, and
tor cach repeat, the L. frijodii larvae were left in the presence
of the females for 24 h. The results obtained were subnutied
to @ Newman Keuls test.

2.5 Influence of the number of L. trifolii larvae on the
parasitism of the two entomophages

Threc batches of about 30, 100 and 200 L. rrijolii larvae at
stage L3 were presented 1o groups of 10 males and 10 females
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Table 1. Dimensions of adfc QL dissitus and H. vasi-
Cornls Carerage of 30 indi iduals of eny species and of
any vex/

. - 1
O dissiin H. varicoritis }
Mude tanale Male Female 1
Average length [
{ram) 1.50 S 63 1.80 {
Length range !
{1 Lr2-bRs L 188 112084 136206
Average span ;
(o) 342 46 253 3.06 1
St rangy
anmy 2A6-408 0 200424 168 290 204352 ‘

of “he two parasitoid species  Atter 24 h, these batches were
taken away and put into the wiv-conditioned cell in order 1o
allow the development of the wnplanted eggs 10 take course
The number of resulting adults was counted. In this expert-
ment. six repeits were carried out. As before, tae results were
submitted 1o a Newman Keui- test.

3 Results

3.1 Morphometric differences between H. varicornis and
O. dissitus

The adults of H. raricornis are a metallic blue green in
colour. Their length varie. considerably but it is an
average of 1.63 mm for the males and 1.80 mm for
the females (table 1). The species can be distinguished
sexually by its antennae the male has pectinated
antennae whereas the femaie has long, thin ones. Their
length represents about 502 of the insects overall body
length (Tairry, 1982). Its feet are white, almost trans-
hueent,

The imagos of O. dissitus are black all over. Males
and females are almost the same size-—-an average of
F.50 and 1.49 mm. respectively (table 1), There are no
sexual ditferences visible 2 the naked cye and it s
difficult to see the female’s avipositor without the help
of a binocular magnifying glass, The antennage are long,
black and thin, and almost a5 long as the body.

The eggs are oblong shaped, those of the H. varicornis
being a translucent creamy white. In O, dissitus onc end
of the egg s slightly more swollen. Eggs ol H. varicornis
are slightly longer than those of O. dissitus They are an
average of 0.28 and 0.22 mm respectively (table 2).
Throughout the dissections we managed Lo observe up

Table 2. Length in mm of different biological stuges of
O. dissitus and of H. varicornis {avevage of 100 indi-
vidiuals of uny stage

1 O dissitn H voricornis

j Average Ringe Average Range

[ .

| Teen 022 006630 028 004038
RE 047 025076 051 0.28 096
b 099 .60 170 134 034240

| Prepupae 141 1021 84 147 0.96-2.08

? Pupae 1.52 07600178 .ol 1.04-2.10 |
r
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1o 5 eggs per L.ooripodi larva and this was the vase for
both of the entomophagous species (FARRET, 1991).

The H. varicorniz 1.1 are cylindrical, slightly ringed
i shape. and translucent. apart from the central part
where there is an opaque, yellow arca. They are an
average of (.51 mm fong (table 2). In O. dissituy, the
first larval stage 1s ulso translucent but its morphology
is completely different. The L1 has a very distinctive
head with strong buccal parts consisting of two sharp
hooks and the body is slightly ringed and ends abruptly
in a small caudal appendix. The size varies between 0.253
nim for the smallest and 0.76 mm for the biggest. In
botl species the presence of two L1 per larva or pupa
host was observed several times (FARRET. [991).

The H. varicornis 1.2 1s also cylindrical in shape but
longer and more streamlined than the L1 Tis ringed
appearance has practically disappeared and it is i bright
orange colour, excepl for the ends, which are trans-
lucent. In the dissections. we never found more than
one L2 per host larva. Itis variable in size, between 0.34
and 2.40 mm (table 2). The O. dissitus L2 is very different
from the L1 It has become worm shaped. has lost its
buccal hooks, und niow occupies the whole of the host
pupa’slength. It has turned a creamy white colour (Far-
RET, 1991). Tts length varies between 0.60 and 1.70 mm
(table 2).

The prepupae can be distinguished trom the 1.2 by a
swelling at one end. giving the appearance of scgmen-
Lation. Hemiprarsenus varicornis’s prepupac is white.
whereas the prepupac off O, dissitus 13 creamy-beige.
turning yellow. They are both about the same size, 1.41
mm and 1.47 mm tor O. dissitus and H. varicornis.
respectively itable 2

At the pupal stage. protrusions for the feet and anten-
nae can casily be distinguished. The different parts of
the body, the head. thorax and abdomen are quite
visible. After oxidation of the tegument, the pupae vary
in colour throughout their transformation. On forma-
tion, they are pale yellow in colour. but they gradually
durken, the cyes turning distinetly red. then brown. By
the end of the pupal stage. they are black all over.
The H. varicornis pupac are slightly bigger. 1.61 mm
compared to 1.52 min for the O. dissitus pupac (FARRET.
1991).

3.2 Biological ditferences between H. varicornis and O.
dissitus

In both species, 1the adults copulate as soon as they
emerge and can begin laying the very same day.
However, the parasitism systems of’ the two Hvmen-
optera are diiferent. H. varicornis is a larval ectopurasite
whereas O. dissirus 1s a larvo-pupal endoparasite. In
fact, after copulation. the f. varicornis females lay one
or several of their eags near a L. irifolii lTarva that she
has paralysed previously. The paralysis of the farva
and the cgg laying take place in two distinet phases.
Sometimes the female cannot relocate the larva that she
has paralysed, and. in this way, about 20% of L. irifolii
larvae die without being parasitized. When it hatches
out, the H. varicornis larva latches onto the host, and
gradually empties it out during the days that follow.
Pupal formation takes place beside the remains of the
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Fig. I. Duration of the preimag:mal stages of G. dissitus reared ar 25°C

host i the gallery hollowed out by the larval leaf miner.
Once the adult has formed, it emerges from the plant
after piercing the epidermis of the leaf. Thus, the com-
plete biological cycle of H. varicornis takes place inside
the plant.

The 0. dissitus females lay their eggs directly inside
the larva’s body cavily without anaesthetizing it before-
hand. The host lurva continues to eat normally, then
leaves the plant in order to hecome a pupa, taking
with il the egg or the young lurva. Opius dissitus then

develops inside the L. trifolii pupa. taking advantage of
the latter’s protective cuticle. The imago comes out of

the pupa, which can usually ke found on the ground.
Unlike H. varicornis, most of ). dissitus’s cvcle takes
place outside the plant.

3.3 Time spread of the two parasitoids different
biological stages

In both species, the eggs’s incubation period varies a
great deal. Tt can be as long as 7 days for H. raricornis
and 3 days maximum for Q. dissitus (fig. 1 and fig.
2).  The duration of the L1 stage is also different in
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cach species. On the second day after laying, 90% ot O.
dissitus are at the L1 stage, 80% on the third and fourth
days and 35% on the fifth day (fig. 1), In H. varicornis,
40% are noted on the second day after laying. rising to
Y0% on the third day: after this, the percentage
decreases gradually cach day, and it is below 3% on the
cight day after laying (lig. 2).

The duration of the 1.2 stage is the same in both
species, that is to say. 6 days. In H. varicornis, the
maximum number of L2 are present on the fourth and
filth days after laying. with 59% and 68% respectively;
this proportion decreases steadily to 50% on the sixth
day, 25% on the seventh day. 19% on the cighth day
and 3% on the ninth day (fig. 2). In O. dissitus, 17% of
L.2 appear 3 days after laving, the percentage increasing
until the sixth day (20%, 27% and 45% for the fourth,
fifth and sixth days respectively), before dropping to
11% on the seventh day and going back up to 33% on
the eighth day (iig. 1).

In O. dissitus. the prepupae appear as early as the fifth
day and therealter up to the tenth day with maximum
numbers on the fifth. sixth, seventh and eighth days
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Fig. 2. Duration of the preimagimal stages of K. varicornis reared at 25°C
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Table 3. Number of adulis produced by 10 females of
G dissitus and 1 females 51 W varicorms parasitizing
difterent stages of larvae of U tritolin 710 repeats)

Number of adult
H varicornis

Larval stage Numbet of adult

VoL it

b Sy 33
L2 23 187
{3 i

S
e

-
|

|

|

|

{

}

}

i

!

f, . .
! Ctanc Tare ditferent at the v level {Newman-Keuls test)

i i

with 28%. 30%, 45% and 28% respectively (fig. 1). In
1. raricornis prepupac can he found between the sixth
and ninth davs, but in very small quantty: 3%, 6%,
142 and 8%, respectively thig. 2).

I O. dissitus. the tirst papac appear right from the
fifth day, butitis not until tae ninth and tenth days that
there are the highest counis - 95% and 98% (fig. 1).
With H. varicornis we sec ihe first pupae on the sixth
day and the percentage increases steadily untit the ninth
day 130%., 59%, 67% and X%, respectively) (lig. 2).

3.4 The influence of the larnal stage of L. trifolii on the
parasitism of the two entomophages

The host's larval stage ha- an influence on the pro-
duction ol females in the two parasitoids. In O. dissitus,
the production resulting frem the first larval stage of /.
irifoliit was 191 adults. 353 tor the L2 and 401 for the
1.3 (table 3). 1t should also »e¢ noted that the Newman
Keuls test detected no significant difference, at 5%,
between the number of adults coming from L2 and L3,

In /1. varicornis. the production coming from L1 was
33 adults. 187 for L2 and 335 for L3 (table 3). The
number of adults coming from the three stages of the
L. irifofii are significantly different, by 5%, according
to the Newman Keuls test.

3.5 'The influence of the numiber of L. trifolii larvae on
the parasitism of the two entomophages

When the two parasitoid species are in competition, the
population size of L. trifol:i Tarvae has a considerabie
influence on the productivis of females. With a small
population, the production of O. dissitus adulls was
only one individual, whercas a large proportion was
identical to a control group 386 and 576 individuals,
respectively (table 4). These two latter figures were not

Table 4. Number of adults preduced by 10 jemuales of O
dissitus and 10 females of T varicornis in competition
o sl 7300 and laree
L. tmifohl 16 repeats

.
Number of adult ‘l
I raricornis

Numbir o adult
O. ity

Contrel SEN 426
0 lorvae ! 264
200 rviae e RED

Cand Cdilferent at the S99 leve! (Newman-Keuls test)

Qi) population of larvac of

D. Bordat, £ V. Coly and C. Roux-Olivery

significantly different. at 5%, according to a Newman
Keuls test.

Hemiptarsenus varicornis was also affecled by host
population size. Twenty-six adults were produced in the
case of the small population, 426 in the control group
and 349 for a large population (table 4). The figures
concerning the number of adults produced with the
control group and with the large population were not
significantly different. at 5%, according 1o the New-
man -Keuls iest.

4 Discussion

One of the main biclogical differences between the two
spectes 1s the abiluy of M. varicornis to prolong the
incubation period forits eggs to seven days. This spread-
ing out of incubation over time could be the reason for
the emergence, by instalments, of the following gen-
cration’s adults. We must point out, however, that i
was not possible to determine whether the older eggs
laid had been fertibzed or not. for, once they have been
disturbed and uncovered, the eggs die. However, this
phenomenon is not possible in the case of O. dissitus as
the egg that develops inside & non-paralyzed Tarva can-
not have too long an incubation period, otherwise the
subsequent larva would be at risk, due to the possible
metamorphosis of the host.

The two species also difler in the number of prepupae
and the duration of the prepupal stage. In Tact, at the
time of dissceting, quite a large number of O. dissitus
were observed over 6 days, whereas only a very small
number of H. varicornis were found, over 4 davs only.
We may cousider that, the prepupae of O. dissitus is
protected by the cuticle of the L. trifolii pupa, whereas
H. varicornix has no protection in the gallery hollowed
oul by the host larva, and this explains the low per-
centage of prepupac tound. and the very short duration
of pupal formation. in the latter species.

Opius dissitus can survive in the L1 of L. trifelil, its
larvae using their host’s growth as a model for their
own, By contrast, as the larvae parasitized by 14, vari-
corniy are paralysed. they can no longer grow and only
provide limited food for the parasitoid. This causes the
death of a great many larvae and the emergence of very
small individuals.

In the case of competition between the two species,
onasmall pepulation of host farvae, H. varicornis seems
te have the sdvantage over O. dissitus, which does not
scem to be able o cnsure new generations. H we were
to suppose that a larva could be parasitized by both
species it once, 1t is probable that the O. dissinus larva
would die, us the larva, paralysed by H. varicornis.
would not be able to change into a pupa. It is likely.
however, that H. varicorniy would be able to complete
its eycle on a larva that had been partially eaten by 0.
dissitus.

Thus, it seems that these two species could cohabit,
providing the populations of L. trifolii were large
enough. However, as O. dissitus is able o live on the
leal-miner in 1ts very carly stages. it would seem to be
more efficien: at the onset of attacks by L. reifolit
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Reésemd

Différences morphométriques, biologiques et
comportementales entre Hemiptarsenus vavicornis
(Hym., Fulophidae) et Opius dissitus (Hym.,, Braconidae)
parasitoides de Liriontyza teifolii (Dipt., Agromyzidae).

Opiis dissituy ¢t Hemiptarsenus Cavicornis sont deux para-
sttoides naturels de Liriomyza tri-olii, mouche mimeusce des
fenilles. Des Suudes en laboratone montrent gue ). dissitis
peut, a linverse d' 1. caricornis. s¢ multiplier dans des stades
L1 de 1. trifoli. Par contre, sur <de faibles popuiations de
farves Foies et jorsque les deux especes de parasitoides sont
en competition, seul H. zaricornly parvient a se muitiplies
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