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ABSTRACT

Mortality during the immature developmentTfgalloi andT. pretiosunwas estimated on UV-killed

and live eggs of a factitious and a natural host, respectively. A staining technique was used to de-
termine the actual parasitization of UV-treated eggs and was compared with the number of parasi-
toids that emerged per host egg (detectable parasitization). Effects of temperature as a factor of mortality
during the immature development of both parasitoids on the factitious host was also assessed. The
actual and detectable parasitization of live hosts was measured by recording both the parasitization
behavior and the number of eggs where a parasitoid developed successfully. Our data show that
mortality during immature development of both parasitoids may occur in live eggs of the natural host.
No such mortality was observed when parasitoids developed on UV-killed eggs of the factitious host.
Possible causes of parasitoid immature mortality and the effects of using UV-treated eggs of facti-
tious hosts in estimating the parasitism capacityrafhogrammain field conditions are discussed.

Key words biological control, host exploitation, host/parasitoid interaction, host suitability, imma-
ture mortality, parasitoid fitness, parasitization rate.

RESUMO

Estimating Parasitoid Immature Mortality by Comparing Oviposition and Pupal
Development ofTrichogramma galloiZUCCHI and T. pretiosumRILEY on Natural and
Factitious Hosts

A mortalidade durante o desenvolvimento das formas imaturasamgramma galloe T. pretiosum

foi estimada em ovos do hospedeiro alternativo, invibializados em lampada germicida, e do hospedeiro

natural (ndo-tratados). Uma técnica de coloracao foi utilizada para determinar o real parasitismo (nume-

ro de ovos do parasitéide colocados por ovo do hospedeiro) do hospedeiro alternativo, e o valor deter-
minado foi comparado ao nimero de adultos emergidos por ovo hospedeiro (parasitismo mensuravel).
O efeito da temperatura como fator de mortalidade para os estagios iniciais do desenvolvimento de

ambas as espécies de parasitéide também foi avaliado. O parasitismo real e o mensuravel de ovos
nado-tratados do hospedeiro natural foram verificados por meio de observa¢des do comportamento

de parasitismo e o nimero de ovos em que o parasitdide se desenvolveu com sucesso. Foi verificadc
gue pode ocorrer mortalidade durante o desenvolvimento de ambos os parasitdides estudados, quand
parasitando ovos de seus respectivos hospedeiros naturais. No entanto, ndo foi verificada mortalidade
significativa para a fase imatura quando os parasitdides se desenvolveram em ovos do hospedeiro alter-
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nativo. Os possiveis fatores envolvidos na mortalidade dos estdgios imaturos e os efeitos da
inviabilizacdo dos ovos do hospedeiro alternativo na estimativa da capacidade de parasitismo de
Trichogrammaem condi¢gdes de campo também sédo discutidos.

Palavras-chavecontrole biolégico, interagdo hospedeiro parasitéide, mortalidade de imaturos, taxa
de parasitismo.

INTRODUCTION estimating mortality caused by parasitoids (Clancy
& Pierce, 1966; Day & Saunders, 1990; Day,
Egg parasitoids of the gentistchogramma  1994). This is particularly true for larval parasitoids
are among the most commonly used natural enesince some of them inject factors along with the
mies in biological control. Because they are easilyegg that ultimately results in host death regardless
mass reared, they have been inundatively released the survival of the parasitoid progeny (Vinson
in many agroecosystems on more than 32 millior& Iwantsch, 1980a). Further host and parasitoid
hectares/year (Li, 1994). The successful use amortality may greatly increase in superparasitized
these natural enemies has been attributed to l@osts (Vinson & Sroka, 1978) and the stress caused
process of species and/or strain selection, that usey the development of a single parasitoid may
behavioral and biological parameters in theprematurely kill the host (Day, 1994).
selective process, and the use of quality control The present report aimed to verify if there
in the system of production (Bigler, 1994; Hassanwas any mortality during the early stages of
1994). The parasitization capacity dficho- development offrichogramma galloZucchi and
grammais one of the most common biological Trichogramma pretiosurRiley (Hymenoptera,
parameters used to compare the effectiveneskichogrammatidae) in two distinct situations. First,
among populations of this parasitoid and deterwe examined parasitoid larval fate when they were
mine the quality of strains (Bigler, 1994; Dutton reared on UV-killed eggs of the factitious host
et al, 1996). It has also been used as tool foAnagasta kuehniella(Zeller) (Lepidoptera,
selecting factitious hosts for the mass productiorPyralidae) under laboratory conditions.
of these parasitoids, and has been regarded as the Secondly, we determined developmental
most important trait in selectinfrichogramma  mortality when parasitoid larvae were developing
species and/or strains for release (Dugbml, on live eggs of their natural hostBjatraea
1996; Gomes & Parra, 1998). Parasitoid searchingaccharalis(Fabr.) (Lepidoptera, Crambidae) in
capacity, host preference and dispersion are othéne case oT. galloi andHeliothis viresceng-abr.
traits that have been also evaluated as criteria fqt.epidoptera, Noctuidae) in the caseTofpre-
strain selection (Hassan, 1994), but these methodsum
require more elaborate procedures.
Laboratory assessment dfichogramma MATERIAL AND METHODS
parasitism is usually done by incubating the pre-
viously parasitized host egg until its chorion turnsRearing parasitoids and hosts
black, indicating the successful development of Stock cultures of. galloi andT. pretiosum
the parasitoid to the prepupal stage. However, thigere reared on UV-treated eggs of the factitious
method may underestimate the actual parasitizationost, A. kuehniella at controlled conditions
capacity since mortality during the early stageqtemperature = 25 +°C; relative humidity = 60 +
of Trichogrammadevelopment is not measured. 10% RH; photophase = 14 h.) (Stein & Parra,
Nevertheless, this method is most convenient ant®87). The factitious host was produced on an
is commonly employed to measure host mortalityartificial diet based of wheat flour and yeast (Parra
caused byfrichogrammaspecies and many other et al, 1989). Eggs of the natural host3,
parasitoids and diseases. Many authors havsaccharalisandH. virescenswere obtained from
indicated that this method does not provide the&olonies reared on artificial diets and kept under
same accuracy as the dissection method itaboratory conditions (Parra & Mihsfeldt, 1992).
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Assessing early stage mortality on UV-killed eggsegg. Stained host eggs identified as super-
A. kuehniellaeggs were UV-treated and glued parasitized, i.e., they contained more than 2
on a moistened plastic strip, and offered toparasitoid eggs in the same egg, were recorded
parasitoid females in a proportion of 1 female toseparately since the development of the parasitoids
10 host eggs for 24 h (this was done to reducwill not reach the prepupal stage and the host eggs
superparasitism). After exposure to the femaleswill not turn black (Saakyan-Baranova, 1990).
50 host eggs were sampled and stained with
toluidine blue to determine the number of parasitoidAssessing early stage mortality on live natural
eggs/host egg (actual level of parasitism). For thifiost eggs
procedure, 250 host eggs were also transferred to  Another set of experiments was developed
incubators at five temperatures (20, 22, 25, 30to verify the early stage mortality in a more na-
and 32C) (50 eggs/temperature) in which the leveltural situation by rearing both parasitoids on UV-
of parasitism was determined by the standardintreated live natural hosts. For this purpose,
rearing method, i.e., determining whether an eggewly-emerged females of. galloi and T.
was parasitized by observing if the chorion of thepretiosumwere isolated in small glass vials (3.0 x
egg has turned black. A4s kuehniellaeggs may 0.5 cm), and offered 5 one-day-old eggsDof
support the development of a very limited numbersaccharalisandH. virescensrespectively. This
of parasitoids (maximum 2), all sampled eggs weravas repeated 14 times with a total of 70 eggs being
incubated individually in small glass vials (3.0 cm xobserved/host. Each female was observed during
0.7 cm) to determine the number of adults thaB0 minutes under a WILD M10 stereomicroscopic
emerged/parasitized host egg. We hypothesizedonnected to a CCD video-camera. These obser-
that the standard method would accurately measuretions allowed us to determine all the behavioral
the parasitization capacity ofrichogramma steps during parasitism by ea¢hichogramma
species studied if the number of emerged adults#hich can provide information as to whether a host
host egg does not differ from the actual numbeegg was parasitized and the number of eggs
of parasitoid eggs laid/host egg, determined byviposited (Klompet al, 1980; Suzuket al.,
using a staining procedure. 1984). This is more time consuming than the
The staining procedure consisted of fixing staining method, but gives the expected para-
the parasitized host egg in Carnoy’s solutionsitization without killing the host. Mortality during
(chloroform : ethanol : acetic acid, in a proportionthe early developmental stages of both parasitoid
of 6:3:1) for at least 30 min. After fixation the species was estimated by comparing the expected
material was stained with a saturated solution oparasitization with the number of those eggs in
toluidine blue in 80% ethanol for 45 min. which the parasitoid reached the prepupal stage
Afterward, the material was immersed for a few(observed parasitization). Sindeichogramma
minutes in 80% ethanol to which some dropletdemales may lay more than one egg in a single host
of acetic acid were added to stop the stainingluring the same ovipositor insertion, blackened
process. The material was dehydrated through 80%ggs were dissected to observe the number of
ethanol (2 baths — 15 min), 95% ethanol (2 baths developed pupae in each parasitized egg.
10 min), absolute ethanol (2 baths — 10 min), with
final dehydration in toluene (2 baths — 10 min) RESULTS AND DISCUSSION
(Pizzol, 1978). The stained parasitized eggs were
mounted in Canada balsam on microscope slides.  The parasitization rates determined using UV-
The number of parasitoid eggs/host egg wasreated eggs of the factitious hdstkuehniella
observed under light microscopy, and wasby using the staining and standard rearing methods
compared to the number of adults that emergedere near 100% (Table 1). The number of para-
from the parasitized eggs that were reared agitoids that emerged from parasitized host eggs
different temperatures. When mortality occurredafter rearing them in five temperatures was similar
after the prepupal stage (host chorion had alreadip the number of the parasitoid eggs laid in the
blackened), the host egg was dissected to asseksst egg as determined by the staining procedure
the number of parasitoids that developed in tha{Table 1).

Rev. Brasil. Biol., 6(B): 381-387



384 CONSOLI, F. L., PARRA, J. R. P. and VINSON, S. B.

TABLE 1

Mean number (X * se) of parasitoid eggs oviposited (determined by staining) and mean number that
emerged as adults/host egg of the factitious host when parasitized Bygalloi and T. pretiosumand held in
different temperatures (relative humidity = 60 + 10%; photophase = 14 h).

(Bxse}
T. galloi T. pretiosum
Number of eggs oviposited per host 0.96.89 a 0.92 0.09 a
Number of adults emerging per host at:

20°C 0.96 +0.04 a 0.830.08 a

22°C 1.01 40.06 a 0.96 ©.05a

25°C 0.98 +0.04 a 0.84 ©.08 a

30°C 1.03 40.05a 0.90 .07 a

32°C 1.03 40.07 a 1.00 .05 a

1. Means followed by the same letter within columns are not significantly different at 0.05 level (Tukey’s Test).

These data indicate that there was namortality (Vinson & Sroka, 1978) and may occur
mortality during the egg-larval developmentlof even in a gregarious species if the number of eggs
galloi or T. pretiosunwhen parasitizing UV-treated exceed the carrying capacity of the host as a
eggs ofA. kuehniella Further, the survivorship resource.
of the early stages of both parasitoids was not In the natural host study we observed only
affected by the range of temperature studied (Tablene egg laid during each oviposition attempt and
1). Because a low ratio of parasitoids to host eggfund only one pupa developing in each parasitized
was used we only found 0.02%-0.04% of theegg. We thus assumed that we had the same number
mortality was caused by superparasitization of thef parasitoids developing on parasitized eggs where
host eggs byl. galloi and T. pretiosum This  we found egg mortality, since the time spent by
mortality was removed from the calculations. Thesgparasitoid females during the oviposition on each
results show that the standard (rearing) methotiost was the same.
employed to determine the parasitization capacity Based on these results, the development of
of Trichogrammain laboratory conditions is both parasitoids on live natural hosts that were not
appropriate to indicate the actual parasitoid parabV treated indicated the occurrence of significant
sitization capacity if the ratio of parasitoid to hostmortality during the early developmental stages
is low. However, the same may not be true wherof the parasitoids, since the percentage of
Trichogramma minutuniRiley (Hym., Tricho- parasitized eggs determined after rearing the host
grammatidae) are reared on a high parasitoid tegg was lower than expected (based on the number
host ratio (1 to 1.2), since high immature mortalityof eggs determined by observing the parasitization
was found for parasitoids developing @n  behavior). In contrast to the UV-irradiated eggs
kuehniellaGamma-irradiated eggs (Corrigah there were significant differences between the
al., 1995). However, there are several differencegxpected (based on oviposition observations) and
in the methods used by Corriganal. (1995) and observed (based on host chorion darkenidg) (
this study. One is the use of Gamma-irradiated egggalloi: t = 3.391; df = 69; two-taiP value =
by Corriganet al. (1995) which may be harsher 0.0012;T. pretiosumt = 3.253; df = 69; two-tail
on the contents of the eggs than ultravioletP value = 0.0018, using a paired t té3t 0.05)
irradiation used in this study. Second is the highFig. 1). These results suggest that the utilization
parasitoid to host egg ratio that likely producedof live natural hosts may underestimate the
a much higher level of superparasitism that didparasitization capacity df. galloi andT. pretiosum
not occur in this study. In larval parasitoids highwhen compared to UV-treated eggs of the factitious
levels of superparasitism are known to causdost, at least for these two species.
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Fig. 1 —Comparison between the expected (initial) and observed (final) parasitization of untreated Bggaauharalis

andH. virescensdy T. galloi andT. pretiosumrespectively. Expected parasitization was assessed by recording female’s parasitism
behavior and observed parasitization by counting the number of host eggs that turned black (temperati@agd RH:

60 + 10%). Different letters indicate statistical significance (paired t Rest0.05%).

These results also indicate the UV-treatmentfor larval development after a defined stage of
which is commonly employed for the production development since the nutritional quality of these
of Trichogrammaspecies on the Mediterranean host stages changes during embryogenesis or pupal
flour moth eggs, enhances the survival of the earlgevelopment (Mackauer & Sequeira, 1993; Vinson,
stages of these natural enemies by limiting 011994; Godfray, 1994). Pak al.(1986) reported
avoiding unknown mortality factor(s) observed that manyTrichogrammaspecies showed a specific
when using live natural hosts. The mortality of thebehavior for a selected host-age. For exanple,
early stages observed on the live habitual hostgretiosumand T. minutummay successfully
may explain the problems found in the mass rearingarasitize their hosts close to eclosion (Marston
of T. galloi using live eggs of another factitious & Ertle, 1969; Strand, 1986), while foF.
host, Sitotroga cerealellagParra, 1997). evanescenshe host egg turned progressively

Mortality during the immature development unsuitable during the last 12-24 h of development
of Trichogrammamay also be related to the degreeand were not suitable at the head capsule stage
of adaptation between the parasitoid strain and th@Lewis & Redlinger, 1969).
host. Gomes & Parra (1998) found a very variable However, the results of this study suggest that
parasitoid mortality (although evaluated afterhabitual host eggs may have some means of defense
prepupal development) among many strain$.of against egg parasitoids. This possibility certainly
pretiosumandT. galloi when developing on the deserves further consideration. Other mortality
most commonly used factitious hogis kuehniella  factors may also be involved wh&richogramma
Corcyra cephalonicgStainton) (Lepidoptera, are subject to development in natural hosts (Vinson
Pyralidae) an@. cerealellgOliv.) (Lepidoptera, & lwantsch, 1980b). When searching for host eggs
Gelechiidae). in the field, parasitoid females may accept an older

Even though eggs do not present any cellulahost or a host that may be inappropriate for the
defenses (Vinson, 1994, and references thereinparasitoid’'s development due to various conditions
they may have evolved other ways of limiting that have to be clarified. For example, UV radiation
parasitoid attack. One of this is through a fast ratevould eliminate potential pathogens which are
of development (Vinson, 1994). Strand (1986) andften not compatible with parasitoid development
Strandet al. (1986) reported a significant negative (Vinson, 1990). The development of the host
correlation between the developmental time of ambryo may be stopped by the wounds caused by
host and the percentage of the embryonidhe insertion of the ovipositor, injection of a poison
development that was susceptible to parasitismor other factors, including adult feeding (Hawlitzky
As for many egg and pupal idiobiont parasitoids& Boulay, 1982; Strand, 1986; Driescheal,
there is a restricted period for female oviposition.1987). Further research will be necessary to
This happens because the host will turn unsuitablenderstand immature mortality that occurs during
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the development of the parasitoid and may helpEWIS, W. J. & REDLINGER, L. M., 1969, Suitability of

modeling host-parasitoid interactions in the field, ~99s of the almond motiiadra cautella of various ages
' for parasitism by Trichogramma evanescensAn.

since many ages of the host eggs are encountered g iomol. Soc. Am.. 621482-1484.

under such conditions. LI, L. Y., 1994, Worldwide use ofrichogrammafor biologi-

cal control on different crops: a survegy: E. Wajnberg
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