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Abstract—A laboratory study of photoperiodic control of diapause in the egg parasitoid Trichogramma embryo-
phagum Htg was carried out. Experiments conducted at 20°C and eight photoperiods (day-lengths of 3, 6, 9, 12,
15, 18, 21 and 24 h) revealed the long-day type response based on the maternal influence on prepupal diapause in
progeny at 15°C. The maximum rate of diapause in progeny was recorded at day-lengths of 12—15 h, the estimated
threshold photophases were between 6-9 h (left threshold) and 16—17 h (right threshold). A comparative analysis of
photoperiodic responses in seven laboratory generations reared under constant conditions revealed endogenous
variability of the tendency toward diapause. The left threshold day-length was highly variable, whereas the right
threshold day-length remained relatively constant. The possible reason is that the right threshold is subject to stabi-
lizing selection in the natural conditions, whereas the left threshold zone is a selectively neutral character revealed

only in laboratory experiments.

Experimental study of the factors that control the
seasonal development is one of the most important
lines of investigations in modern entomology (Dani-
levski, 1961; Tyshchenko, 1977; Tauber et al., 1986;
Zaslavski, 1984, 1996; Saulich, 1999). Studying the
mechanisms that underlie the diapause control is of
considerable importance in mass rearing of insects, as
it allows one to accumulate a biological material.

Egg parasitoids of the genus Trichogramma are em-
ployed for biological control of lepidopteran pests in
many countries. Moreover, these parasitoids are easily
reared and have short life cycle, and, therefore, they
can be conveniently used as model insects (Smith,
1996).

Even the first studies concerning the control of sea-
sonal cycles in Trichogramma (Maslennikova, 1959;
Bonnemaison, 1972) demonstrated the prepupal dia-
pause in these insects. Low temperature is necessary
for diapause induction, i.e. a temperature response is
manifested. The photoperiod under which larvae of
diapausing progeny develop has no effect on the dia-
pause induction or exerts rather week modifying influ-
ence on this temperature reaction. For instance, in
T. evanescence Westw., one of the most abundant and
well-studied species, almost all prepupae diapause at a
temperature of 10°C independently of photoperiodic
conditions, whereas with 15°C, a considerable fraction
of diapausing individuals is observed only under
a short day-length (Maslennikova, 1959; Bonnemai-

son, 1972). The same reactions were also revealed in
other species of Trichogramma (Sorokina and
Maslennikova, 1986, 1987; Boivin, 1994; Laing and
Corrigan, 1995).

Further studies clearly demonstrated that many of
Trichogramma species manifest the so-called “mater-
nal influence” (Vinogradova, 1973; Zaslavski, 1984;
Moousseau and Dingle, 1991). It was shown that the
photoperiodic conditions during the development of
the maternal generation can exert a pronounced effect
on the response of larvae of the progeny, especially
when a daughter generation develops under conditions
close to the threshold temperature and photoperiod
(Zaslavski and Umarova, 1981, 1990; Mai Phu Qui
and Zaslavski, 1983; Sorokina and Maslennikova,
1986, 1987). The maternal influence on the progeny
results in a considerable variability of the tendency
toward diapause between generations, which was ex-
perimentally observed when studying the factors con-
trolling the diapause in various Trichogramma species
(Zaslavski and Umarova, 1981, 1990). The variability
of the tendency toward diapause, revealed in succes-
sive generations of insects, has attracted increasing
attention in recent years (Geyspits and Simonenko,
1970; Geyspits et al., 1974; Simonenko, 1978; Vino-
gradova and Bogdanova, 1980; Vinogradova and
Reznik, 2000). In most of these studies, the dynamics
of the tendency toward diapause was analyzed under
one or two photoperiods.
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As for the partenogenetic species Trichogramma
embryophagum Htg., examined in this study, the dia-
pause is also induced only in larvae developing at
temperatures of 15°C and lower. In this case, the re-
sponse to the photoperiodic conditions of development
of the parental generation is strongly pronounced,
whereas a photoperiod under which larvae of the
daughter generation develop has virtually no effect on
their tendency toward diapause (Maslennikova and
Sorokina, 1986; Sorokina and Maslennikova, 1986,
1987). It should be noted, however, that these conclu-
sions were also based on the comparison of only two
photoperiods: “long-day” (16 h) and ‘“short-day”
(10 h).

The present study had two objectives: to analyze the
influence of various photoperiods on the proportion of
diapausing progeny along a wide range of photo-
periods (construction of a photoperiodic curve) and to
estimate the variability of the photoperiodic reaction
among successive generations.

MATERIALS AND METHODS

The study was conducted with a laboratory stock of
T. embryophagum reared before the experiment for
many generations on eggs of the grain moth under a
18-h photoperiod and temperature of 20°C. For each
replicate of the experiment, 32 portions, each consist-
ing of 100-200 eggs, were taken from one batch of
grain moth eggs. Each portion was glued on a single
paper card and the cards were subjected together for
24 h to parasitization by about 500-1000 Tricho-
gramma females eclosing within 1-2 days and belong-
ing to one generation of the main strain. Then 32 cards
(maternal generation) were put in glass tubes and dis-
tributed randomly among eight groups of four tubes
each. After that each group of individuals belonging to
the  maternal  generation developed  under
a certain photoperiodic regimen. Experiments were
conducted using 24-h light-dark cycles with photo-
phase of 3, 6, 9, 12, 15, 18, 21 h and also permanent
light, at a temperature of 20°C in all the variants.

In about one day after the beginning of Tricho-
gramma eclosion (i.e., 19-20 days after parasitization
and development at 20°C) a card with 200-300 grain
moth eggs was placed for 24 h in each of these tubes.
In 24 h, all the cards with the newly parasitized host
eggs (progeny generation of Trichogramma) were
placed in a low-temperature chamber (15°C in the
dark). At this temperature, adult eclosion is completed
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in two months after parasitization. In two months,
all the parasitized host eggs were dissected, and
the number of eclosed adults and living diapausing
prepupae was counted (insects that died during vari-
ous developmental stages were excluded from consi-
deration). Data for each card were regarded as
a separate replicate. Thus, during this experiment
seven generations of 7. embryophagum were tested
at eight photoperiods, four replicates were performed
for each variant of photoperiod in each generation
(100-150 parasitized eggs per replicate, a total of
29413 eggs).

For normalization of data, the fractions of diapaus-
ing individuals were arcsine-transformed by the for-
mula ¥ = 2*arcsin (/X ) before the ANOVA test and
comparison of means (Tukey’s HSD test). Transfor-
mation and statistical processing of the results were
performed using SYSTAT software. The figure shows
the original (nontransformed) data.

RESULTS AND DISCUSSION

The ANOVA analysis of all the experimental re-
sults (n = 224) has shown that the percentage of dia-
pausing progeny depends significantly both on the
maternal photoperiod (F = 171.3, p < 0.001) and on
the position of a generation under study in the se-
quence of generations of the Trichogramma laboratory
strain (F = 18.9, p < 0.001). It is evident from the fig-
ure presenting the data on each of seven successive
generations, that 7. embryophagum shows a long-day
type response. Two threshold photophases ranging
from 3 to 9 h (left threshold) and from 15 to 18 h
(right threshold) were revealed. The development of
the maternal generation at day lengths of 9—15 h is the
most favourable for induction of diapause in progeny,
whereas a day length of more than 18 h (in some gen-
erations also less than 6 h), results in a non-diapause
development of the progeny. This conclusion is in part
supported by the previously published data for this
species. It has been demonstrated (Sorokina and
Maslennikova, 1986, 1987) that the development of
the maternal generation at a day length of 10 h induced
diapause in 10% of progeny developing at 15°C,
whereas with a 16-h day, diapausing individuals were
virtually absent (other photoperiods were not consid-
ered in this study). Most of similar experiments with
other Trichogramma species (1. evanescens Westw.,
T. cacoeciae March., T. pintoi Voeg., T. silvestre Sor.)
yield about the same results (Sorokina and Maslennik-
ova, 1986, 1987).
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The effect of the maternal photoperiod on the percentage of diapausing progeny in seven laboratory generations of Trichogramma em-
bryophagum. Abscissa: maternal photoperiod (at 20°C); ordinate: percentage of the progeny, diapausing at 15°C. Lines correspond to
the data for different generations, arrows indicate the range of variability of the left and the right thresholds of the photoperiodic curve.

The only known study concerned with the maternal
influence in Trichogramma and conducted along a
wide photoperiodic scale (Mai Phu Qui and Zaslavski,
1983) revealed a long-day photoperiodic curve in
T. euproctidis Gir. similar to that obtained in our
study.

It is also evident from the figure that photoperiodic
curves constructed using data for different generations
differ sharply. This refers both to the position and
height of the peak in the photoperiodic curve and to
the threshold photoperiod. The latter parameter is de-
fined as the photoperiod inducing a diapause in half of
individuals diapausing at the “peak” photoperiod, i.e.,
at the maximum average fraction of diapausing indi-
viduals equal to 30%, the threshold photophase corre-
sponds to about 15% of diapause.

It can be well seen that the scatter of the right
threshold (which has ecological importance, i.e., oc-
curs in nature and can actually affect the seasonal dy-
namics) is considerably narrower than that of the left
threshold (which corresponds to day lengths that can
be experienced by Trichogramma only under the ex-
perimental conditions).

The lability of the left threshold and the relative
stability of the right one (which is of ecological impor-
tance) has been repeatedly recorded in previous stud-
ies, but mainly in relation to the effect of temperature
on the shape of the photoperiodic curve (Tyshchenko,
1977; Zaslavski, 1984; Saulich, 1999). In our studies,
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the stability of the right threshold is manifested at
a constant temperature as a lower susceptibility to
spontaneous endogenous variability. Thus, the differ-
ences in lability between the left and the right thresh-
olds may be considered as not only a specific feature
of the temperature dependence of the response, but
also a more general phenomenon, which is evidently
of adaptive value. The right threshold, which is of
ecological importance, is subject to stabilizing selec-
tion, whereas the left one is a selectivity-neutral pa-
rameter manifested only in experiments (Danilevski,
1961; Zaslavski, 1984). Most probably, the differences
in steepness between the left and the right portions of
the photoperiodic curve are due to the same reasons.

CONCLUSIONS

(1) The investigations conducted with 7. embryo-
phagum in a wide range of photoperiods revealed
a long-day type photoperiodic reaction based on the
maternal influence on the prepupal diapause in prog-
eny. The thresholds of the photoperiodic curve for the
rearing temperatures of 20°C for maternal generation
and 15°C for daughter generation range from 6 to 9 h
and from 16 to 17 h.

(2) A comparative analysis of photoperiodic re-
sponses in seven laboratory generations of 7. embryo-
phagum revealed considerable endogenous variability
of the height and position of the peak in the photope-
riodic curve and of the threshold photophase. The right
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threshold, which is of ecological importance, is less
variable than the left threshold manifested only in the
experiments. The possible reason is that the right
threshold is subject to stabilizing selection in natural
conditions.
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