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Abstract—Maternal control of prepupal diapause in the progeny of the egg parasitoid Trichogramma principium 
Sug. et Sor. was studied in laboratory. Pre-maternal (G1) and maternal (G2) generations were reared at 20°C and 
photoperiods 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 (G3) was determined by rearing at 13°C in the dark. The experiments revealed a response of a long-day 
type with a threshold zone of 12–15 h. The photoperiodic conditions of rearing of both G1 and G2 generations sig-
nificantly influenced the prepupal diapause in the progeny (G3), the maternal influence being much stronger than 
the pre-maternal influence. Experiments with individual females which were offered several batches of host eggs 
demonstrated that the incidence of diapause in the progeny also depended on endogenous factors, such as the ma-
ternal age and duration of the egg retention period. 

To date, the factors inducing diapause have been 
studied in many insect species from various taxa. The 
leading role of the photoperiod, temperature, food, and 
other environmental factors in the regulation of devel-
opment and reproduction of insects was clearly dem-
onstrated by both field observations and experimental 
studies (Danilevskii, 1961; Tyshchenko, 1977; Tauber 
et al., 1986; Zaslavski, 1984, 1996). The choice be-
tween diapause and active development in some in-
sects depends to a large extent on endogenous factors, 
and primarily age-related changes (Mousseau and 
Dingle, 1991; Denlinger, 1998; Fox and Mousseau, 
1998). 

The object of our work, Trichogramma principium 
Sug. et Sor., belongs to the group of egg parasitoids 
that are commonly used as biological agents of agri-
cultural and forest pest control, and also as model 
objects of various studies in the field of insect ecology 
and physiology (Smith, 1996). The experimental study 
of factors inducing diapause is especially important in 
this case since it constitutes an essential element of the 
mass rearing techniques (Voegele et al., 1986; Boivin, 
1994). 

The seasonal cyclicity in Trichogramma is charac-
terized by temperature of larval development being the 
main factor inducing the prepupal diapause, while the 
effect of photoperiod is relatively small (Maslennik-
ova, 1959; Bonnemaison, 1972; Boivin, 1994; Laing 
and Corrigan, 1995; Garcia et al., 2002). In most of 

the studied Trichogramma species the fraction of dia-
pausing progeny was shown to depend on the photope-
riodic conditions of development of maternal indi-
viduals and on their age (Zaslavski and Umarova, 
1981, 1990; Mai Fu Kwi and Zaslavski, 1983; So-
rokina and Maslennikova, 1986, 1987; Reznik et al., 
2002). The maternal age effect on the progeny dia-
pause in T. principium is made more complicated by 
the fact that when eggs of a non-preferred host, such 
as the grain moth Sitotroga cerealella Oliv. (Lepido-
ptera, Gelechiidae), are offered to the Trichogramma 
females, oviposition starts immediately in some fe-
males, but in a considerable fraction it is delayed for 2 
days or longer (up to 8–10 days). Thus, the females 
that hatched simultaneously do not all start ovipositing 
at the same time. Therefore, two relatively independ-
ent factors can be distinguished: the age of a female 
and the egg retention period. In this feature, T. prin-
cipium clearly differs from the previously studied  
T. embryophagum Htg., in which nearly all individuals 
start ovipositing soon after contact with the host 
(Reznik et al., 2002). 

This study had two main goals. The first one was to 
study the dependence between the diapausing fraction 
in T. principium progeny and the photoperiods acting 
upon the maternal and pre-maternal generations (i.e., 
to make the photoperiodic response curves). The sec-
ond goal was to study the effect of endogenous factors, 
such as the female age and the duration of the egg 
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retention period, on the tendency toward diapause in 
the progeny. 

MATERIALS AND METHODS 

Experiments were performed using a laboratory 
strain of T. principium which had been reared for 
many generations on grain moth eggs at L : D = 18 : 6 
and 20°C. In the experiments, the maternal generations 
G1 and G2 developed at 20°C and the photoperiods  
L : D = 3 : 21, 6 : 18, 9 : 15, 12 : 12, 15 : 9, 18 : 6,  
21 : 3, and 24 : 0. The test for prepupal diapause (gen-
eration G3) was performed in the dark at 13°. 

Mass Infestation 

The photoperiodic response was studied using the 
mass infestation technique. The necessary number of 
batches of grain moth eggs (500–1000 each), corre-
sponding to the number of regimes studied, were se-
lected from a single sample. Each batch was glued 
onto a separate sheet of cardboard, and all the card-
boards together were offered for 24 h to trichogramma 
females from a single generation of the main labora-
tory strain, the parasitoid-to-host ratio being about  
1 : 10. The cardboard sheets with infested eggs (the 
pre-maternal generation G1, or “grandmothers”) were 
then placed into separate tubes, and each group was 
allowed to develop under a specific photoperiodic 
regime. 

Approximately 24 h after G1 generation started to 
emerge (i.e., 19–20 days after infestation at 20°C), 
cardboards sheets with 100–200 fresh grain moth eggs 
were placed for 24 h in each tube. After this period, 
sheets with freshly infested eggs (the maternal genera-
tion G2) were also transferred into separate tubes and 
subjected to different photoperiodic regimes. Ap-
proximately 24 h after the emergence of the maternal 
generation, sheets with 200–300 grain moth eggs were 
placed for 24 h in each tube, and then all the cardboard 
sheets with freshly infested eggs (generation G3, or the 
progeny) were transferred into a low-temperature 
chamber (13°C, darkness). At this temperature active 
development of T. principium was completed 3 
months after infestation. At the end of this period all 
infested host eggs were dissected and the number of 
developed adults and diapausing prepupae of the para-
sitoid was determined; the larvae which died at vari-
ous stages of development were not counted. Data for 
each cardboard sheet were treated as a single trial of 
the experiment. 

Individual Infestation 

To study the incidence of diapause in the progeny in 
relation to the maternal age and the egg retention pe-
riod, 50 randomly selected freshly emerged females of 
the maternal generation were placed in separate tubes 
and then kept at the same photoperiodic regime at 
which they had developed. Each female was offered 
50–60 grain moth eggs. Every 2 days during the ex-
periment, the egg batches were replaced with fresh 
ones, and the infested eggs (the next generation) were 
placed in a low-temperature chamber (13°C, dark-
ness). The duration of each experiment was deter-
mined by the individual adult’s lifespan, which in 
most cases did not exceed 13–15 days. The fraction of 
diapausing individuals was determined from summa-
rized data for each 2-day period. 

Data Processing 

The number of trials and the sample sizes are given 
below, together with the descriptions of each experi-
ment. In the mass infestation experiments, the frac-
tions of diapausing individuals, determined for each 
trial, were transformed by the formula 

)arcsin( XY =  and then used for analysis of vari-
ance and for comparison of means (Tukey test). In the 
individual infestation experiments, non-transformed 
fractions of diapausing individuals were compared 
using χ2 criterion, and the maternal age effect was 
estimated using the Spearman test for rank correlation. 
Data transformation and further processing were per-
formed using the SYSTAT software. All the figures 
show original (non-transformed) data. 

RESULTS AND DISCUSSION 

Effect of the Conditions of Development 
of the Maternal Generation 

Figure 1 shows the results of the first experiment, in 
which generation G1 developed at the same day length 
at which the main laboratory strain was kept (L : D = 
18 : 6). Females of 6 generations of the laboratory 
strain were used for the experiment. A total of 30 trials 
were made for each photoperiod (4–6 trials per genera-
tion), with no less than 100 infested grain moth eggs 
examined in each trial. ANOVA including the whole 
body of data showed the fraction of diapausing indi-
viduals in the progeny (generation G3) to depend sig-
nificantly on the photoperiod at which the maternal 
generation G2 had developed (F = 97.3, p < 0.001). 
Development of maternal individuals at short day  
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(3–12 h) induces diapause in 30–40% of the progeny, 
whereas 15 h of light result in practically no diapause 
at all. Changes in the incidence of diapause within the 
short-day and long-day segments of the photoperiodic 
scale were shown by the Tukey test to be non-
significant. T. principium evidently shows a typical 
long-day photoperiodic response with a threshold posi-
tioned between 12 and 15 h. Very similar results were 
obtained earlier for other Trichogramma species stud-
ied (Bonnemaison, 1972; Zaslavski and Umarova, 
1981; Mai Fu Kwi and Zaslavski, 1983; Maslennikova 
and Sorokina, 1986; Sorokina and Maslennikova, 
1986, 1987; Reznik et al., 2002), and also for most 
other egg parasitoids (Jackson, 1963; van den Berg, 
1971; Anderson and Kaya, 1974; Boivin, 1994). 

It should be noted that the fractions of diapausing 
progeny differed significantly between the laboratory 
strain generations as well (F = 6.5, p < 0.001). The 
considerable variability of the results obtained for 
these consecutive generations may have been caused 
by endogenous processes, which were previously ob-
served in other Trichogramma species (Zaslavski and 
Umarova, 1981; Reznik et al., 2002; Voinovich et al., 
2003). 

As concerns the mechanism of the “maternal effect” 
on the tendency to prepupal diapause in the progeny, 
one may assume, by analogy with other insect species, 
that the hormonal status of the female, determined by 
the photoperiod, has some influence on the oocytes 
and thus affects the hormonal system of the develop-
ing larva (Vinogradova, 1991; Mousseau and Dingle, 
1991). 

Effect of the Conditions of Development 
of the Pre-maternal Generation 

In the second experiment, devoted to the effect of 
“grandmothers” on the incidence of diapause, genera-
tions G1 and G2 developed at photoperiods L : D = 3 : 
21, 9 : 15, 15 : 9, and 21 : 3, for a total of 16 different 
treatments (Fig. 2). Eleven generations of the labora-
tory strain were involved. Each variant was studied 
with 4 trials for each generation, and each trial in-
cluded no less than 100 infested grain moth eggs. The 
fraction of diapausing individuals in progeny G3 was 
shown by ANOVA to depend very significantly (p < 
0.001) on the conditions of development of genera-
tions G2 and G1, the effect of “mothers” being much 
stronger than that of “grandmothers” (F = 1223.4 and 
F = 101.8, respectively). The “generation factor” was 
much weaker but still significant (F = 8.3, p < 0.001). 

The response of generation G3 to the photoperiod 
affecting generation G1 evidently depended on the 
conditions of development of generation G2 (Fig. 2). 
For example, if the maternal generation G2 had devel-
oped under long-day conditions L : D = 15 : 9 or 21 : 
3, the fraction of diapausing individuals in the progeny 
was relatively low regardless of the photoperiod af-
fecting G1. Still, in both cases (Figs. 2c and 2d) the 
fraction of diapausing individuals decreased signifi-
cantly over the day length interval from 9 to 15 h. The 
same phenomenon was observed when generation G2 
developed at L : D = 3 : 21 (Fig. 2a). Thus, the re-
sponse to the conditions of development of the 
“grandmothers” and the “mothers” revealed approxi-
mately the same threshold zone (compare Figs. 1  
and 2). 

The maternal influence on the diapause in the prog-
eny often extends beyond the two consecutive genera-
tions and can be traced in rather long sequences (Vi-
nogradova, 1973; Zaslavski, 1984; Mousseau and Din-
gle, 1991). One of the most vivid and best studied 
examples is induction of larval diapause in the blowfly 
Calliphora vicina R.-D. (Vinogradova, 1991). A rather 
common variant of long-term modifications due to 
maternal influence consists in the lack of sensitivity to 
diapause-inducing factors in several generations fol-
lowing the diapausing one; this phenomenon was ob-
served in egg parasitoids as well (Jackson, 1963; 

 
Fig. 1. Dependence of the fraction of diapausing progeny on the 
photoperiodic conditions of development of the maternal genera-
tion of Trichogramma principium. Abscissa: photoperiod affecting 
females of the maternal generation G2 (day length, h); ordinate:
fraction of diapausing prepupae in the progeny G3, %. Median 
values (squares) and quartiles (vertical bars) are shown. The points 
marked with different letters correspond to the values found to be 
significantly (p < 0.05) different by the Tukey test for arcsine-
transformed data. 
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Voegele et al., 1986). The influence of the develop-
ment conditions of the pre-maternal generation on the 
incidence of diapause in the progeny was reported 
earlier for T. evanescens Westw. (Zaslavski and Uma-
rova, 1981) and T. euproctidis Gir. (Mai Fu Kwi and 
Zaslavski, 1983), but only by comparing 2 or 3 con-
trasting photoperiods. The investigation of the “mater-
nal effect upon maternal effect” over a broad range of 
day lengths in Trichogramma species, reported here, is 
to the best of our knowledge the first study of this 
kind. 

It is very interesting to compare the photoperiodic 
responses obtained for the maternal generations that 
had developed at day lengths 3 h and 9 h. It is evident 
(Figs 2a, 2b) that development of the “grandmothers” 
at L : D = 9 : 15, 15 : 9 and 21 : 3 result in almost 
identical photoperiodic curves, the 9-h short-day con-
ditions being slightly “stronger” than 3-h ones (i.e., 
inducing diapause in a somewhat greater fraction of 
the progeny). The first experiment (Fig. 1) also dem-
onstrated the almost identical effect of short-day con-
ditions L : D = 3 : 21 and 9 : 15. However, the fraction 
of diapausing individuals in generation G3 was smaller 
when G1 developed at 3h L and G2 at 9h L, as com-
pared to the variant when both G1 and G2 developed at 
3h L (Fig. 2, initial points of graphs a and b). This 
difference was found to be significant by Tukey’s test 
(p = 0.034). 

The above effect is most probably explained by the 
stepwise short-long-day response to day length 

changes, which is common to many insects (Zaslavski, 
1984). Transition from 3-h day length (development of 
generation G1) to 9-h day length (development of gen-
eration G2) is probably perceived as an increase in day 
length and reduces the fraction of diapausing individu-
als, even though both photoperiods are in fact “short-
day” ones (Fig. 1). The possibility of response to day 
length changes was proposed for species of the genus 
Trichogramma over 20 years ago (Zaslavski and Uma-
rova, 1981), but it is only now that this phenomenon 
has been experimentally confirmed. In our experi-
ments the relatively long and short day lengths af-
fected two consecutive generations of trichogrammas. 
However, it is interesting that the stepwise response 
revealed in these experiments is very similar to that 
observed in many other insects over a single individ-
ual’s lifespan (Zaslavski, 1984). This fact may be re-
garded as one more manifestation of the endogenous 
processes that “continue” from one generation to an-
other (Reznik et al., 1996; Voinovich et al., 2002, 
2003). 

Effect of the Age of Maternal Individuals 

The two preceding experiments employed the mass 
infestation technique to determine the percentage of 
diapausing individuals in the progeny hatching from 
the eggs laid by the females during the first 24 h after 
their contact with the host. In other experiments, in 
order to characterize the possible relation between the 
age of the female and the fraction of diapausing prog-
eny, individual infestation was used. Four variants of 

 
Fig. 2. Dependence of the fraction of diapausing progeny of Trichogramma principium on the photoperiodic conditions of development 
of the maternal and pre-maternal generations. Abscissa: photoperiod affecting females of the pre-maternal generation G1 (day length, h); 
ordinate: fraction of diapausing prepupae in the progeny G3, %. Photoperiod affecting females of the maternal generation G2 (L : D) : (a) 
3 : 21, (b) 9 : 15, (c) 15 : 9, (d) 21 : 3. Median values and quartiles are shown. The points of the same line marked with different letters 
correspond to the values found to be significantly (p < 0.05) different by the Tukey test for arcsine-transformed data. 
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photoperiod affecting the maternal generation were 
used: L : D = 3 : 21, 9 : 15, 18 : 6, and 24 : 0. The 
results (number of diapausing and active prepupae for 
each batch of eggs) were broken down into groups by 
2 parameters of the maternal individual, namely its age 
and the time from contact with the host to laying of the 
first egg (because of the egg retention typical of most 
T. principium females). Then the results for each 
group were summarized, and data for small groups 
(less than 5 females or less than 10 eggs laid) were 
discarded. 

Results of the experiment with maternal individuals 
developing at L : D = 3 : 21 are shown in Fig. 3. The 
fraction of diapausing progeny obviously decreases 

with the age of the maternal individual. In addition, it 
can be seen from the figure that the 2-day egg reten-
tion has almost no effect on this trend (compare  
Figs. 3a and 3b); at the same time, among the progeny 
produced during the first two days of reproduction, the 
incidence of diapause in the progeny of females with 
an egg retention period of 4 or 6 days is significantly 
higher (p < 0.001 and p < 0.05, respectively) than in 
the progeny of females with a shorter retention period 
(compare Figs. 3a–3b and 3c–3d). The difference be-
tween the data for the females aged 11–15 days is non-
significant; these data show a substantial spread which 
is probably related to a smaller sample size due to 
mortality. 

 
Fig. 3. Dependence of the fraction of diapausing progeny of Trichogramma principium on the age of maternal individuals (development 
at L : D = 3 : 21) and the egg retention period. Abscissa: age of females of the maternal generation G2 at the moment of infestation 
(days); ordinate: fraction of diapausing prepupae in the progeny G3, %. Egg retention period: (a) 0, (b) 2, (c) 4, (d) 6 days. 

 

Fig. 4. Dependence of the fraction of diapausing progeny of Trichogramma principium on the age of maternal individuals (development 
at L : D = 9 : 15) and the egg retention period. Designations as in Fig. 3. 
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An entirely different dynamics of the fraction of 
diapausing progeny is observed for the females devel-
oping at L : D = 9 : 15 (Fig. 4). First, the age-related 
pattern in itself is more complicated: it includes  
a significant (p < 0.01) increase from the 1st to the 3rd 
day, followed by a decrease with a distinct minimum 
by the 7th day, after which there is another increase 
and finally stabilization. Secondly, this pattern is prac-
tically not affected by egg retention: graphs a and b in 
Fig. 4 almost overlap, and the difference between c 
and d is non-significant (data for females with egg 
retention period of 4–6 days represent only the first 
batch of eggs, which is also the largest; subsequent 
batches are not represented because of the insufficient 
sample size). It should be noted that the incidence of 
diapause in the progeny produced during the first days 
of life by the females that have developed at L : D =  
3 : 21 and 9 : 15 (initial parts of the graphs in Figs. 3a 
and 4a) is nearly the same. This observation agrees 
well with the results of the first experiment (Fig. 1, 
day length 3 and 9 h). 

The relation between the incidence of diapause in 
the progeny and the age of females developing at long 
day (L : D = 18 : 6) and at constant light is difficult to 
characterize because the fraction of diapausing prog-
eny in these variants is very small. Still, this fraction 
was found to decrease significantly (p < 0.001) in both 
variants as the age of maternal individuals increased 
(Spearman’s rank correlation is r = –0.28 and  
r = –0.20, n = 221 and n = 300, respectively). 

The very existence of the maternal effect indicates 
the presence of a special mechanism of the progeny’s 
response to the physiological state of the female. The 
same mechanism may be responsible for the observed 
dependence of the incidence of diapause on maternal 
age. Previous studies of the “age-related component of 
maternal effect” in various insects revealed different 
trends in the incidence of diapause in the progeny in 
relation to the age of females (Vinogradova, 1973, 
1991; Mousseau and Dingle, 1991); still, authors of 
the latest reviews (Denlinger, 1998; Fox and Mous-
seau, 1998) conclude that the fraction of diapausing 
progeny usually increases with maternal age. The age 
dynamics of the fraction of diapausing progeny in 
relation to the photoperiodic conditions of develop-
ment of females was previously studied in consider-
able detail, for example in the blowfly C. vicina 
(Saunders, 1987; Vinogradova, 1991; Vinogradova 
and Reznik, 2000, 2002) and the pea aphid Acyrthosi-
phon pisum Harris (Erlykova, 1997, 1999). The dy-
namics in Trichogramma is described here for the first 

time. In general, our data agree well with the conclu-
sion made earlier on the basis of similar experiments 
with C. vicina (Vinogradova and Reznik, 2000). 
Namely, the maternal effect has two components: the 
primary one, which is exogenous and determined by 
the photoperiodic response, and the secondary one, 
which is endogenous and related to the female’s age. 
The primary (photoperiodic) component affects the 
nature of the secondary (age-related) component. 

Of special interest is the interaction between the 
age-related changes in the maternal effect and egg 
retention. Our experiments (Fig. 3) have shown that 
this interaction is certainly more complicated than 
mere summation. Both ageing of females and egg re-
tention do not simply increase or decrease the fraction 
of diapausing progeny, but exert some influence that 
clearly depends on the photoperiod. To explain such 
nonlinear interactions, it would be logical to assume 
the existence of some general mechanism integrating 
the effects of three factors: photoperiod, age-related 
changes, and the processes accompanying the onset of 
oviposition. This assumption also allows one to ex-
plain the mechanism of transition from egg retention 
to infestation of the host. Experimental studies 
(Reznik et al., 2001a, 2001b) have shown that infesta-
tion starts abruptly and cannot be stopped under cer-
tain conditions. Such behavioral changes in insects 
may be effected by two kinds of mechanisms: either 
“purely behavioral” ones, for example various forms 
of learning (Lewis et al., 1990; Vet and Groenewold, 
1991; Papaj and Lewis, 1992; Reznik, 1993; Vinson, 
1998), or more profound changes with participation of 
the neuroendocrine system (Barton Browne, 1993; 
Vinson, 1998). It was previously supposed (Reznik  
et al., 1998, 2001b, 2003) that transition from egg 
retention to infestation could be based on a neuroen-
docrine mechanism. Results of the present study  
confirm this hypothesis. Both components of the ma-
ternal effect (photoperiodic response and age-related 
changes) are known to be based on a neuroendocrine 
mechanism (Vinogradova, 1991; Mousseau and Din-
gle, 1991; Fox and Mousseau, 1998). Considering 
their close interaction with egg retention and induction 
of oviposition, one may assume that these two phe-
nomena are also, at least partly, governed by endocrine 
processes. 
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