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Abstract. A laboratory study was carried out on photoperiodic control of prepupal diapause in the egg parasitoid Trichogramma
embryophagum (Hartig). All experiments were conducted with an isofemale parthenogenetic strain. The maternal generation was
reared at 20°C and photoperiods of L:D = 3:21, 6:18, 9:15, 12:12, 15:9, 18:6, 21:3 or 24:0. The tendency to diapause in the progeny
was estimated by rearing the daughter generation at 15°C in the dark. Experiments revealed a long-day type response based on
maternal influence on the progeny prepupal diapause. However, significant endogenous fluctuations in the pattern of the photoperi-
odic curve were revealed in successive laboratory generations reared under constant conditions. The left threshold day-length was
very variable, while the right threshold kept relative constancy. Experiments with individual females sequentially offered new host
eggs demonstrated that the probability of the progeny entering diapause depends significantly on materal age. At 20°C and 18L :
6D, the percentage of diapause was maximal (ca 15%) in the progeny eclosed from the eggs laid during 1% 2™ days of maternal life.
Then the proportion of diapausing progeny decreased to 0-5% at days 9-11 of female life and later slightly increased in 15-17 days
old females. Thus, endogenous factors play an important role in maternal influence on progeny diapause, particularly in environ-

ments close to threshold temperature and photoperiod.

INTRODUCTION

It is common knowledge that environmental factors,
such as photoperiod, temperature, food quality, and popu-
lation density play a leading role in diapause regulation.
However, endogenous components may also be
important. Among these is the influence of maternal age
on progeny diapause or variation in successive genera-
tions of an insect line reared under constant conditions.
The environmental control of insect diapause has been the
subject of numerous studies, but endogenous factors are
much less investigated (Saunders, 1962; Danilevski,
1965; Tauber et al., 1986; Danks, 1987; Zaslavski, 1988).

Our study was conducted with Trichogramma embryo-
phagum (Hartig). Numerous species of the genus Tricho-
gramma are minute egg parasitoids often used as model
insects for various ecological and physiological studies.
Moreover, Trichogramma species are widely employed
for biological control of several pests through inundative
releases. Hence, a study of diapause control in this mass
reared insect may also be of practical importance. Dia-
pause regulation in Trichogramma has already attracted
much attention (Boivin, 1994). It was repeatedly demon-
strated that prepupal diapause is typical for Tricho-
gramma and that temperature is the most important
among environmental factors acting on the larvae (Qued-
nau, 1957; Maslennikova, 1959; Bonnemaison, 1972;
Voegele, 1976). Later, it was established that, as in cer-
tain other egg parasitoids (e.g. Jackson, 1961), this
response depends on the conditions of development of the

parental generation, and photoperiod is the main factor
controlling maternal influence on Trichogramma prog-
eny diapause (Zaslavski & Umarova, 1981, 1990; Mai
Phu Qui & Zaslavski, 1983; Sorokina & Maslennikova,
1986, 1987). Endogenous diapause-regulating factors
have also attracted some attention, particularly changes in
the diapause tendency over the course of generations
(Zaslavski & Umarova, 1981, 1990).

The present paper deals with:

The influence of maternal age on the tendency of progeny
to diapause in 7. embryophagum.

The variation of maternally operated photoperiodic
response in the sequence of generations developing
under constant laboratory conditions.

MATERIALS AND METHODS

Insects

A laboratory parthenogenetic strain of 7. embryvophagum
originating from Moscow province was cultivated on eggs of the
grain moth, Sitotroga cerealella Oliv., under constant laboratory
conditions (20°C, 18L : 6D) for more than 50 generations. To
ensure maximum genetic uniformity, all experiments were con-
ducted with the isofemale sub-strain established from the main
strain.

First experiment

For each run of the first experiment, grain moth eggs glued on
32 paper cards (100-200 eggs per card) were placed together in
3-liter glass jars and subjected for 24 h to parasitization by
5001000 T. embryophagum females. Then these cards (the

*  Corresponding author.

175


mailto:reznik@weed.zin.ras.spb.ru

O
AN

M

S

A

$

O -44——O0
O -¢——O

P

O

() LD=18:6
AN

L:D=3:21 to 24:0

N
l

O 44—O

!

15°C, L:D=0:24

Fig. 1. The design of the first experiment. S — laboratory strain cultivated under constant laboratory conditions (20°C, 18L : 6D);
M — maternal generation distributed among eight photoperiods (20°C, 3L : 21D to 24L : 0D); P — progeny generation reared under

moderate diapause-inducing conditions (15°C in the dark).

maternal generation) were put in glass tubes and distributed
among cight photoperiod regimes at 20°C, L:D= 3:21, 6:18,
9:15, 12:12, 15:9, 18:6, 21:3, and 24:0 (four cards per photope-
riod). In 19-20 days, i.e. one day after mass eclosion of the
maternal generation, a new card with 500-600 grain moth eggs
was placed for 24 h in each of these 32 tubes. Then the newly
parasitized host eggs (progeny generation) were placed in mod-
crate diapause-inducing conditions (15°C in the dark). At this
temperature, adult eclosion is completed in two months after
parasitization. Hence, in two months all parasitized host eggs
were dissected, the number of eclosed adults and diapausing
prepupae was counted, and the percentage of diapausing indi-
viduals was calculated for each card separately. Insects that died
during the larval or prepupal stages were excluded from consid-
eration. Each run of the first experiment was conducted with
one of the seven successive generations of the 7. embryo-
phagum strain that was reared under constant diapause-averting
conditions: 20°C, 18L : 6D (Fig. 1). Thus, during this experi-
ment 7 generations were tested at 8 photoperiods in 4 replicates
(in total, 224 experimental units).

Second experiment

For each run of the second experiment, 1-day old females of
the same isofemale line that developed under 20°C and 18L :
6D were placed individually into 40 x 5 mm test tubes, were
offered 50-60 host eggs, and were allowed to parasitize during
two days. Thereafter, every other day a new supply of fresh host
eggs was presented to each surviving female. By the 18" day
most females had died and the experiment was terminated. Para-
sitized host eggs were taken out of the test tubes and, as in the
first experiment, placed in moderate diapause-inducing condi-
tions (15°C in the dark). The percentage of diapausing indi-
viduals was separately calculated for cach portion of cggs
successively parasitized by each female. During this
experiment, females of 9 generations (25-50 individuals per
generation) consecutively parasitized up to 9 portions of host
eggs. The females which refused to oviposit or laid less than 10
eggs (30 of 250 wasps) were excluded from the statistical treat-
ment. Thus, the final sample size was 1186 experimental units
(portions of host eggs).

It should be noted that under these conditions (maternal pho-
toperiod 18L : 6D) the tendency to diapause is weak (see Fig.
2). However, in the study of age-dependence this photoperiod
(under which the main Trichogramma strain was reared during
numerous generations before the experiment) was used with the
aim of precluding interference with the processes caused by
photoperiod change. It is known (Mousseau & Dingle, 1991;
Vinogradova, 1991) that in insect species manifesting maternal
influence on progeny diapause, a change of environmental con-
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ditions often causes long-term impact that can be followed for
many generations.

Statistical treatment

To stabilize variance, the percentages of diapausing indi-
viduals were arcsine-transformed (Lloyd & Ledermann, 1984)
before mean and SEM calculation, ANOVA, and Tukey HSD
test. All tests were performed using SYSTAT (Wilkinson,
1990).

RESULTS

First experiment

The percentage of diapausing progeny depends on both
the maternal photoperiod (F = 171.3, p < 0.001) and on
the generation under study (F = 18.9, p < 0.001). It is evi-
dent from Fig. 2 that 7. embryophagum manifested a
long-day type response. The maximum rate of progeny
diapause (20— 45%) was recorded at a day length of 12 h.
The threshold photophase, defined as the day length
inducing half of maximum diapause percentage in a given
generation, ranged from 6 to 10 h (left threshold) and
from 16 to 17 h (right threshold). Notice the sharp differ-
ence in the range of variation of the threshold photophase
between the left and the right threshold. Note also the dif-
ference in the coefficient of variation of progeny diapause
between the left and the right threshold zone (Fig. 2).

Second experiment

Practically all females of the 7. embryophagum strain
under study started parasitization during the first two days
of the experiment. In this period, 14.7 + 04
eggs/female/48 h were laid (hereafter, mean+SEM is
given). During the 3-18™ days of a female’s life, the
intensity of oviposition slightly decreased from 7-8 to
5-6 eggs/female/48 h. Total lifetime fecundity was 46.0 £+
1.5 eggs/female.

As expected based on the results of the first experiment,
the tendency to diapause was low. The percentage of dia-
pausing progeny estimated for the total sum of data varied
from 15% in the progeny of young females to 0-5% with
9-11 days old females. The ANOVA test of arcsine trans-
formed data (n = 1186) demonstrated that the percentage
of diapausing progeny depends both on maternal age (F =
13.0, p < 0.001) and on the generation under study (F =
16.3, p < 0.001). For the further analysis of age-
dependence, the arcsine transformed data were trans-
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Fig. 2. The effect of the maternal photoperiod on the percentage of progeny diapause (given are the means, vertical bars indicate
+ SEM) and its coefficient of variation in the sequence of laboratory generations. Means accompanied with different letters are sig-
nificantly different at the p < 0.05 level (Tukey HSD test). Dashed line indicates a half of maximum diapause percentage. Arrows

indicate threshold photophases.

formed once again. To exclude the “generation factor”,
cach value was replaced by its relative deviation from the
mean in the given generation:

Y = (X i— X mean) / X mean

where X i — arcsine transformed percentage of diapausing
progeny produced by a given female at a given age; X
mean — mean arcsine transformed percentage of total dia-
pausing progeny produced by all females of a given gen-
eration.

It is clear from the twice transformed data (Fig. 3) that
the relative tendency to prepupal diapause was maximal
in the progeny eclosed from the eggs laid during the first
two days of maternal life. Then the proportion of dia-
pausing progeny decreased, but seems to increase again in
15-17 day old females.
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Fig. 3. The effect of maternal age on the proportion of progeny in diapause (in relation to the mean overall for the given genera-
tion). Given are the means; vertical bars indicate £ SE. Means accompanied by different letters are significantly different at the p <

0.05 level (Tukey HSD test).
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DISCUSSION

The results of the first experiment agree well with the
earlier published data on 7. embryophagum. It was dem-
onstrated (Sorokina & Maslennikova, 1986, 1987) that a
maternal photoperiod of 10L : 14D induced diapause in
10% of progeny developing at 15°C, while with 16L :
8D, diapausing individuals were practically absent (other
photoperiods were not tested in the quoted work). The
only known study conducted with Trichogramma along
the whole photoperiodic scale, revealed a similar
long-day type maternally operated photoperiodic reaction
in T pintoi Voegele (Zaslavski & Umarova, 1990).

Endogenous increases and decreases in the tendency to
diapause were repeatedly observed in laboratory lines of
different insect species (Geyspits et al., 1978; Vinogra-
dova & Bogdanova, 1980; Zaslavski & Umarova, 1981;
Vinogradova & Reznik, 2000). The stability of the right
threshold of the photoperiodic curve (compared to the left
threshold) was earlier recorded in a comparison between
the photoperiodic responses manifested at different tem-
peratures and, thus, was often considered as a specific
feature of the temperature dependence of the photoperi-
odic reaction (Tyshchenko, 1977; Saulich, 1999). How-
ever, it seems to be a more general phenomenon. In our
study conducted at constant temperature, the left
threshold day-length was also very variable, while the
right threshold day-length was relatively constant. A pos-
sible reason is that the right threshold is subject to stabi-
lizing selection under natural conditions, while the left
threshold zone is a selectively neutral character revealed
only in laboratory experiments (Danilevski, 1965;
Zaslavski, 1988).

In most of the previously investigated insects, the per-
centage of progeny diapause increased with female age
(Saunders, 1962; Ring, 1967). Less commonly, this age-
dependence was negative (Verdier, 1970) or chaotic
(Saunders, 1965; Mousseau & Dingle, 1991; Vinogra-
dova, 1991). In certain studies, the sign of age-
dependence was controlled by photoperiod (Saunders,
1987; Vinogradova & Reznik, 1999). Complicated
dependence of the tendency to diapause (namely, of the
proportion of oviparous females which lay diapausing
eggs) on the maternal age, similar to our results, was
recently described in the pea aphid Acyrthosiphon pisum
Harris (Erlykova, 1997, 1999).

Thus, the role of an endogenous component in the
maternal control of progeny diapause in insects is con-
vincingly confirmed by the new experimental data. In
particular, the dependence of progeny diapause on
maternal age and the difference in stability between the
left and the right threshold of the photoperiodic response
have been demonstrated in Trichogramma for the first
time. We conclude that a possible role for an endogenous
component in the regulation of insect seasonal cycles
(especially manifested in the neighborhood of threshold
temperature and photoperiodic conditions) should be
taken into account in further studies on insect ecology
and physiology.
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