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Heat Shock Influences on Parasitization of the Angoumois Grain
Moth Sitotroga cerealella Oliv. (L epidopter a, Gelechiidae) Eggs
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Abstract—Experiments have showed that heat shock (45°C during 30 min) caused a twofold increase in mortality
of T. principium females recorded during two days after the shock. The percentage of females that have started
parasitization of the grain moth eggs (among al survived females) sharply decreased (40-50% and 30% in controls
and in treated females, respectively). Thus, the switch from egg retention to parasitization of less preferred hosts
was not the result of “pathological” changes in a senescent or dying wasp, but a “normal” stage of adult life. Fe-
males that have already started parasitization before the heat shock, continued to parasitize after the shock (differ-
ences between treatments and controls were not significant). Obviously, the heat shock influence on oviposition
was mostly indirect (as a cue factor) and the wasps that have already started parasitization, were insensitive to this
cue. These data resemble the loss of sensitivity to the diapause-inducing factor which was often observed after re-
activation. We conclude that the results of our study confirm anal ogies between egg retention and reproductive dia-

pause.
DOI: 10.1134/S001387380608001X

In ectotherms, temperature is one of the most impor-
tant environmental factors (Chernyshev, 1996). In
most of insects, the upper limits of optimum tempera-
ture vary from 25 to 35°C. Higher temperatures usu-
ally cause a decrease in survival, fecundity, and other
biological parameters, while long-term exposure to the
temperatures exceeding 40-45° results in the lethal
effect. This low resistance to temperature extremes is
widely used as a basis for effective and ecologically
safe methods of the control of insect pests (Arbogast,
1981; Hansen, 1992), but in biological plant protection
it often has a negative role as a limiting factor for the
efficiency of insect entomophages.

Species of the genus Trichogramma Westw., one of
which was the object of our study are widely used for
biological control of various agricultural and forestry
lepidopteran pests (Wanberg and Hassan, 1994,
Smith, 1996). However, in certain cases their effi-
ciency may be limited by extremely high temperatures.
Specia investigations (Chihrane et al., 1993; 1997,
Chihrane and Laugé, 1994, 1996; Chihrane et a.,
1997; Carriere and Boivin, 1997) have showed that
even relatively short-term exposure of Trichogramma
pupae or adults to sublethal high temperatures resulted

in a sharp decrease in their fecundity, life duration,
and movement activity, and consequently reduced the
efficacy of these beneficial parasitoids.

Our earlier studies (Reznik et al., 1998, 2001a,
2001b) demonstrated that Trichogramma principium
Sug. et Sor. females offered eggs of the Angoumois
grain moth Stotroga cerealella Oliv. often showed
a delay in parasitization ranging up to 10 days. The
duration of this pre-parasitization period depended on
the stage of development and on the number of host
eggs (Reznik and Umarova, 1990, 1991). Our experi-
ments (Reznik and Vaghina, 2006) have also demon-
strated that within the optimum range, the rate of in-
duction of parasitization linearly increased with tem-
perature.

The aim of the present study was to investigate the
influence of heat shock, i.e., short-term exposure to
extremely high (sublethal) temperature on induction
and stability of parasitization.

MATERIALS AND METHODS

In al the experiments, we used a laboratory strain
of T. principium, which was cultivated for many
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Table 1. Influence of heat shock preceded the first contact with the host on survival and parasitization of the grain moth

eggs by Trichogramma principium females

. . Significance
Biological parameters Control Heat shock of the difference

Mortality during 30 min after the heat shock (%0)* 0 11 p <0.001
(0-0) (2-13)

Mortality during 48 h after the heat shock (%)* 10 18 p <0.001
(5-18) (16-31)

The proportion of parasitizing females (%)* 50 27 p <0.001
(47-60) (24-33)

Mean fecundity of all parasitizing females (eggs/ female)** 285+78 | 23.3+75 p <0.001
(n=168) (n=69)

Mean fecundity of parasitizing females which survived more that 48 h 29.0+7.7 | 240+7.6 p <0.001
after the shock (eggs/ female)** (n=144) (n=156)

Notes: * Median and quartiles, ** mean + SD and sample size.

Table 2. Influence of heat shock effected between two host exposures on survival and parasitization of the grain moth eggs

by Trichogramma principium females

. . Significance
Biological parameters Control Heat shock of the difference

Mortality during 30 min after the heat shock (%) * 0 10 p <0.001
(0-0) (4-15)

Mortality during 48 h after the heat shock (%) * 8 25 p < 0.001
(5-12) (14-41)

The proportion of females which continued parasitization after the 100 99 p=0.12

shock (%o)* (96-100) (85-100)

The proportion of females which started parasitization after the shock 40 28 p < 0.001

(%)* (30-48) (20-35)

Mean fecundity of all females which started parasitization (eggs/ 26.3+8.8 22.3+838 p = 0.002

female)** (n=144) (n=62)

Mean fecundity of females which started parasitization and survived 26.8+8.8 23.0+83 p = 0.001

more that 48 h after the shock (eggs/ female)** (n=135) (n=52)

Mean fecundity of all females which continued parasitization (eggs/ 12.7+5.8 11.2+5.6 p = 0.003

female)** (n=166) (n=125)

Mean fecundity of females which continued parasitization and sur- 13.1+5.6 115+55 p =0.002

vived more that 48 h after the shock (eggs/ female)** (n=154) (n=109)

Note: For designations, see Table 1.

generations on the eggs of the grain moth, S. ce-
realella. Trichogramma developed and all experiments
(excluding the heat shock periods) were conducted at
a constant temperature of 20° C under light regime of
L:D=18:6.

At the beginning of each experiment, emerged
adults of T. principium were allowed to mate during
12-24 h and then were individually placed into small
(8 mm in diameter, 45 mm in length) test tubes. Honey
(50% solution) was streaked on the glass as a food

source. S. cerealella eggs were presented according to
the design of the experiment (see below) as an artifi-
cial “batch” of 50-60 eggs pasted to a thick paper
strip. Each experiment included two 48 h periods
(exposures) separated by a short-tem heat shock
(45°C during 30 min). In controls, the heat shock was
replaced by a 30 min long interval between two expo-
sures under the same constant conditions. If females
were presented with a possibility to parasitize (once
during the first experiment and twice during the sec-
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ond experiment), at the end of the given exposure pa-
per cards with the grain moth eggs were taken out of
the test tubes.

In the first experiment, during the first 48 h expo-
sure T. principium the females were not presented with
a possibility to parasitize, the grain moth eggs were
offered only after the heat shock, during the second
exposure. Seven replicates of the first experiment were
conducted, each including ca 100 females. In the sec-
ond experiment, the females were presented with
a possibility to parasitize during both exposures, but
during the heat shock period, host eggs were absent.
Eight replicates of the second experiment were con-
ducted, each including 100-150 females.

After completion of Trichogramma larvae devel-
opment, darkened (parasitized) eggs of the grain moth
were counted for each card separately. In our experi-
ments, we used the parasitoid : host ratio about
1: 50. Under these conditions, T. principium females
usually laid a single egg per each egg of the grain
moth. Therefore the number of parasitized hosts was
taken for the approximate number of eggs laid by
Trichogramma female (fecundity). Thus, for each
exposure of each replicate of each experiment, the
percentage of parasitizing (i.e., those which laid at
least one egg) females was calculated and fecundity of
each parasitizing female was recorded.

It is well known (Reznik et a., 1996) that the per-
centage of parasitizing females and their fecundity
significantly vary even in sequential generations of
laboratory lines. Hence, nonparametric characteristics
(mortality, percentage of females which started and
continued oviposition) were separately estimated for
each replicate and then averaged with medians and
guartiles, the number of replicates being taken for
a sample size. For these characteristics, the signifi-
cance of the difference between the control and treat-
ments was estimated by the Mantel-Haenszel test
(Afifi and Azen, 1982). The significance of differ-
ences in fecundity was estimated by the two-way
ANOVA test, replicate being also considered as
a factor, but in the tables total sample sizes and aver-
aged results of all replicates of each experiment are
given. All statistical procedures were calculated with
SYSTAT 10.2.

RESULTS

First, it should be noted that the heat shock
(45°C during 30 min) caused about 10% mortality of
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treated individuals. In addition, mortality during the
next 48 h increased about twofold. The difference in
mortality between treated and control individuals was
significant in both experiments (Tables 1 and 2), while
the difference between two experiments was not sig-
nificant. Thus, the sublethal effect of the heat shock on
the most of individuals of the studied T. principium
strain was clearly demonstrated.

In the first experiment, the heat shock preceded the
first contact with the host which resulted in almost
twofold decrease in the percentage of females that
started parasitization (Table 1). A decrease in fecun-
dity of ovipositing females was also significant, al-
though not as pronounced. As noted above, some of
the treated and control females died during 48 h long
exposure (period of contact with the host). Thus, the
decrease in fecundity could be partly caused by mor-
tality of females. However, when the females that died
before the end of exposure were not taken into consid-
eration, the difference between the experiment and the
control being still significant, although relatively small
(Table 1).

In the second experiment, the wasps were subjected
to the heat shock after the first period of contact with
the host, when certain females had already started
parasitization. Naturally, proportions of females that
had started parasitization before the shock in control
and in experiment were practically equal constituting,
respectively, 35.9 and 35.0%. Practically all females
that parasitized during the 1st exposure, parasitized
also during the 2nd exposure, the difference between
the experiment and the control was insignificant
(Table 2). As for the females which did not parasitize
before the shock, the percentage of individuals which
started parasitization during the 2nd exposure in the
experiment was much lower than that in the control.
Fecundity of females which had started parasitization
was almost equal to that in the first experiment, the
difference between treated individuals and controls
being also approximately the same (Tables 1 and 2).
Females that continued parasitization started during
the 1st exposure, manifested much lower fecundity,
the difference between treated individuals and controls
being less pronounced but still significant.

DISCUSSION

Thus, the heat shock caused a sharp decrease in the
percentage of T. principium females which started
parasitization. Fecundity of parasitizing females also,
although not as markedly, decreased. However, fe-
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males that had already started parasitization, usually
continued it after the heat shock. These data in combi-
nation with the results of the previous studies allow us
to draw several conclusions.

It is known (Tyshchenko, 1980) that various (par-
ticularly adverse) environmental factors could exert
two kinds of influences on insects: direct (vital) and
indirect (cue). One could suppose that the heat shock
directly influenced oviposition by Trichogramma
causing some pathological effects, such as partial male
sterility and female oogenesis suppression in Tricho-
gramma brassicae Bezdenko (Chihrane et al., 1993;
Chihrane and Laugé, 1994, 1996). However, the hy-
pothesis for the direct traumatic effect does not match
with the fact that females which started parasitization,
continued it after the shock. Moreover, the shock
caused only a dlight decrease in fecundity of females
that started or continued parasitization, suggesting
good preservation of mature ovaria eggs ready to be
lad and continuation of more or less intensive
oogenesis. Hence, in this case the heat shock exerted
mostly an indirect (cue) effect. The ability to lay eggs,
as such, was constant or just slightly reduced, while
the main effect was manifested in a sharp decrease of
the probability to switch from “delay state” to “parasi-
tization state.”

A delay in parasitization of the less preferred facti-
tious laboratory host (e.g. eggs of the grain moth) is
typical of many Trichogramma species. The rate of
induction of parasitization linearly increases with tem-
perature (Reznik and Vaghina, 2006). However, the
average insect life duration decreased with tempera-
ture. It is known that in certain insects typical changes
in behavior were revealed during the last days of their
life (Giebultowicz et a., 1990). In certain cases,
a wider host specificity was recorded. For example,
Horogenes chrysostictos Gmelin (Hymenoptera, Ich-
neumonidae) females usualy avoid superparasitiza-
tion, but they lose this ability several days before
death (Fisher, 1959). Such changes in senescent in-
sects are explained by loss of perception or discrimi-
nation ability (Tallamy, 2000). Thus, it is conceivable
that the increase in the rate of induction of parasitiza-
tion with increasing temperature results from the de-
crease in the mean life duration. Moreover, the in-
crease in the rate of induction of parasitization in
T. principium females deprived of carbohydrate food,
as compared to fed females, and a slightly higher mean
life duration in females which delayed parasitization,
as compared to parasitizing females (Reznik et a.,
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1997, 2003) could be explained in the same way.
However, the results of the present study (Tables 1
and 2) spoke against this explanation: the heat shock,
reducing the mean life duration, did not stimulate, but
inhibited the induction of parasitization. Obvioudly,
the switch from delay to parasitization of a less suit-
able host is not the result of some “pathological” ter-
minal changes, but a“normal” stage of adult life, simi-
lar to reactivation after the reproductive diapause.

A tendency to diapause could be increased by very
different adverse environmental factors, but after reac-
tivation, insects often became insensitive to those cues
(Danilevskiy, 1961; Tyshchenko, 1983; Zaslavskiy,
1996; Chernyshev, 1996). Just this result was obtained
in our study: the heat shock prevents induction of
parasitization, but it practically does not influence the
continuation of parasitization. Thus, the outcome of
the present study could be considered as a further ar-
gument in support of the earlier published (Reznik et
al., 1998, 2001, 2003) hypothesis of anal ogies between
reproductive diapause and delay in parasitization of a
suitable but less preferred host.
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