
Eur. J. Entomol. 99: 427-436, 2002 
ISSN 1210-5759

Interaction of exogenous factors (light and temperature) in their influence on the 
daily pattern of adult eclosion in Trichogramma embryophagum (Hymenoptera:

Trichogrammatidae)

Sv e t l a n a  G. KARPOVA1 and Se r g e y  Ya . REZNIK2

institute ofBiology, Karelian Research Centre, Russian Academy of Sciences, 185610, Pushkinskaya, 11, Petrozavodsk, Russia;
e-mail: skarpova@krc.karelia.ru

2Zoological Institute, Russian Academy of Sciences, 199034, St. Petersburg, Russia; e-mail: reznik@weed.zin.ras.spb.ru

Key words. Parasitoids, Hymenoptera, Trichogramma, eclosion, circadian rhythms, exogenous effects

Abstract. A comparative study of the direct influence of single, non-repetitive changes of light and/or temperature on the daily pat­
tern of adult eclosion was conducted in laboratory conditions with the egg parasitoid, Trichogramma embryophagum (Hartig). In all 
experiments, the entire development occurred under the same regimen (12L : 12D, 20°C). However, just in the day when records of 
eclosion were made, the time of light-on was changed (from the total absence of a dark period to the 12-h-long scotophase). In addi­
tion, in different treatments of each experiment a thermophase (30°C during 2 or 4 hours) was applied in various positions relative to 
light-on. Results showed that light-on or a temperature step-up could induce eclosion in a certain percentage of individuals practi­
cally at any time of the 24-h-long cycle (masking effects). The fraction of adults emerging during 2 h after the beginning of the 
action of an exogenous factor depended not only on the preceding scotophase duration, but also on the stimulus itself (light, tempera­
ture or both). The temperature stimulus was found to modify the responsiveness to light considerably, depending on the order of 
application of the stimuli. The simultaneous action of light-on and a temperature step-up exerted a more considerable influence than 
could be expected based on their separate impacts. On the contrary, a high temperature pulse preceding the onset of the photophase 
inhibited the response of individuals to light-on, evidently acting by phase delay of a circadian rhythm of light responsiveness. These 
effects were more pronounced in the first half of the 12-h-long scotophase. The data suggest a complex interaction between the 
exogenous factors in their influence on the daily pattern of adult eclosion.

INTRODUCTION

Circadian rhythms are common in living organisms. 
They are known to be generated by the endogenous 
timing mechanisms (clocks or oscillators), which main­
tain free-running rhythms with a period of about 24 h 
under constant conditions. Many internal clocks form a 
complex circadian system in each organism and provide 
synchronisation of life processes and adaptation to envi­
ronmental cycles (Plautz et al., 1997; Giebultowicz, 1999; 
Edery, 2000). The understanding of the construction and 
function of clock mechanism was greatly facilitated by 
comprehensive studies of insect rhythmicity, especially 
the rhythm of adult eclosion (Saunders, 1982).

It is known that the circadian timing system is com­
posed of three interconnected parts: 1) input pathways 
that can receive and transmit environmental cues, such as 
light and temperature; 2) the clock (pacemaker) itself and 
3) effector pathways that manifest overt rhythms. In the 
case of adult eclosion, the clock controls rhythmicity 
through neuroendocrine pathways (Truman et al., 1981; 
Jackson et al., 2001). The phase of endogenous oscilla­
tions can be changed by the influence of light and tem­
perature, which act therefore as entraining agents, or 
zeitgebers. On the other hand, environmental factors can 
cause direct behavioural or physiological responses, 
termed as “masking effects” (Aschoff, 1960). Thus, overt 
rhythms involve a mixture of endogenous and exogenous 
components (Beck, 1980; Saunders, 1982).

As in many insects, species of the hymenopteran egg 
parasitoid Trichogramma were proved to possess distinct 
eclosion rhythmicity of truly endogenous nature. This cir­
cadian rhythm can be synchronised with the external 
photo- or thermoperiod so that the maximum of emer­
gence usually occurs near the onset of the photo- or ther­
mophase (Rounbehler & Ellington, 1973; Forsse & 
Smith, 1991; Tavares & Voegele, 1991; Dahiya et al., 
1993; Corrigan et al., 1995; Pompanon et al., 1995, 
Reznik et al., 1998). However, light-on or a temperature 
step-up can induce eclosion in a considerable fraction of 
individuals practically at any time of day, thus signifi­
cantly modifying the pattern of the overt rhythm 
(Zaslavski et al., 1999).

The mechanism of such exogenous stimulation still 
remains unclear in Trichogramma, as well as in other 
insects. There are several lines of evidence that light and 
temperature can cause changes in activity bypassing the 
circadian system (Morris & Takeda, 1994; McNabb & 
Truman, 2000). Nevertheless, the magnitude of these 
responses does depend on the phase of the circadian 
oscillation (Germ & Tomioka, 1998a, 1998b). The 
masking effect of light is also dependent on the average 
temperature (Riihimaa, 1996; Lankinen & Riihimaa, 
1997; Tomioka et al., 1998).

The findings on the mechanisms of the exogenous 
effects were obtained in experiments with one factor (e.g. 
light) varied while another (e.g. temperature) remained
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constant. In nature, however, an overt rhythm in insects 
can be greatly modified by the responses to repetitive and 
irregular changes of both factors. To elucidate the proc­
esses underlying the plasticity of a rhythm, it is therefore 
necessary to conduct the experiments with combined 
influence oflight and temperature stimuli.

Such experimental work has been conducted 
previously, but only with joint light and temperature 
cycles repeated daily (Pittendrigh, I960; Moore & 
Rankin, 1993; Zaslavski et al., 1995; Roces & Nunez, 
1996; Zinovjeva et al., 1996). The results obtained in 
these experiments facilitate an understanding of the 
mechanisms controlling the entrainment of circadian 
oscillators, but provide no information about the capacity 
of a rhythm to be modified immediately by unpredictable 
influence of the stimuli. Thus, the question of how the 
non-repetitive changes of both light and temperature 
interact in their influence on the pattern of a rhythm still 
remains unsolved.

The present work was designed to investigate one of 
the aspects of this problem: how a temperature stimulus 
(high temperature pulse) of different position and dura­
tion modifies the masking effect induced by a light 
stimulus (light-on), in the rhythm of adult eclosion in Tri- 
chogramma embryophagum.

MATERIAL AND METHODS

The laboratory strain of the parthenogenetic species T. 
embryophagum (Hartig), used in this study, originated from 
Moscow province. The parasitoid was reared on eggs of Sito- 
troga cerealella Oliv. (Gelechiidae). For parasitization the host 
eggs glued on paper cards were placed for 24 hours into a cage 
with newly emerged females of Trichogramma. Then the cards 
were put into glass tubes and transferred to experimental condi­
tions (thermostatic chambers) under the same regime (12L : 
12D, 20°C). Illumination was provided by fluorescent lights (50 
lx).

Just in the day when records of emergence were made, the 
period of darkness (scotophase) was changed from 0 to 12 h in 
different experiments and then light was turned on continuously 
until the end of the observations.

Five series of experiments were designed (see the horizontal 
bars on the x-axes ofFig. 1 and 2):

A) constant temperature of 20°C throughout the experiment 
(control);

B) 2-h-long high temperature pulse (30°C) just before the 
light-on;

C) 2-h-long high temperature pulse (30°C) just after the 
light-on;

D, E) high temperature pulse (30°C) at the onset of the scoto­
phase (temperature pulses of 2 or 4 h were used in Series D
and E, correspondingly).

In Series A and E, more prolonged experiments were also 
conducted, with light-on applied at different times from 2 to 24 
hours after light-off in different treatments.

The temperature was changed by transferring the tubes 
between the chambers with different temperature but the same 
light intensity. In the treatments with a temperature pulse 
applied before light-on the tubes were transported inside light­
proof parcels, in which they were putjust after light-off.

In all experiments, individuals emerging by the onset of the 
scotophase were removed from the tubes simultaneously. After 
light-on in a given experiment the number of adults eclosing 
during the scotophase was counted. However, in the treatments 
with a temperature pulse applied just before light-on, the first 
records were made in darkness, 2 h before the onset of the pho­
tophase. In this case the number of emerged individuals was 
counted under dim red light, when the tubes were transferred to 
the 30°C chamber in the light-proof parcels and left there until 
the light-on.

After light-on in a given experiment, records were made 
every two hours and finished in all experiments at the same 
time, 24 h after the last light-off. The more prolonged experi­
ments (48 h) were organised only for Series A and E (see 
above).

By these experiments it was possible to estimate the response 
of individuals to a light-on or a temperature step-up at different 
times during the 24-h-long cycle. Moreover, this arrangement 
allows us to reveal how the high temperature pulse of different 
position and duration can modify the effect of light-on.

To estimate the influence of a high temperature pulse on the 
responsiveness to the light stimulus, it is first necessary to 
define the parameter of such sensitivity. In most studies con­
cerning behavioural responses of insects to various stimuli, the 
percentage of responding individuals observed during a short 
period of time after a stimulation was used (Brady, 1972, 1975, 
1978; Fitt, 1981; Zhukovskaya, 1995). However, our results on 
the masking effect of light on the adult eclosion in Tricho­
gramma have shown that it is possible to define the response to 
light-on by two parameters. The first one is an immediate 
response to the stimulus (a fraction of specimens eclosing 
within 2 h after the beginning of the action of the exogenous 
factor) and the second is a latency from light-on to the median 
time of eclosion. In order to compare the responsiveness to 
light-on (and hence its masking effect) among the treatments, 
we shall use one of these parameters or both, depending on what 
appears to be more illustrative.

All experiments were replicated 2-5 times and the results 
were summarised. On average 510 (minimum -  100) adults 
were recorded in each replicate of each treatment. In the figures, 
the rhythm is presented as a percentage of eclosed adults per 2 
hours, relative to the total number of individuals emerging

Fig. 1. Modification of the daily dynamics of eclosion by light-on and/or a high temperature pulse applied at a various time after 
the light-off (Series A, B, C).

Photoperiodic regime in the day when records of eclosion were made is shown near the horizontal axis. Black, white and grey bars 
indicate scoto-, photo- and thermophases, correspondingly.

A -  constant temperature of 20°C; B -  2-h-long high temperature pulse (30°C)just before light-on; C -  2-h-long high temperature 
pulse (30°C)just after light-on. Numbers on the right side of the plots indicate the duration of the scotophase in a given treatment.

The circles with the error bars are the median hour of eclosion with quartiles. The letters above the circles represent the com­
parison of medians relative to the light-off. Medians are not significantly different (p > 0.05, Kruskal-Wallis test) if they are fol­
lowed by the same letter. Roman and Greek letters are for the comparison between treatments of the same column (within a series) 
and of the same row (among different series), correspondingly.

The lines connecting the circles show the shift of an eclosion median time with change of light-on position.
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Fig. 2. Modification of the daily dynamics of eclosion by light-on and/or a high temperature pulse applied at a various time after 
the light-off (Series A, D, E).

A -  constant temperature of 20°C (control); D -  2-h-long high temperature pulse (30°C) at the onset of scotophase; E -  4-h-long 
high temperature pulse (30°C) at the onset of scotophase. Numbers on the right side of the plots indicate the duration of the scoto- 
phase in a given treatment.

The circles with the error bars are the median hours of eclosion with quartiles, relative to the light-off. The letters above a circle 
represent the comparison of medians relative to the time, indicated by a vertical dotted line (light-off in Series A, temperature step- 
down in Series D,E). Medians are not significantly different (p > 0.05, Kruskal-Wallis test) if they are followed by the same letter. 
Roman and Greek letters are for the comparison between treatments of the same column (within a series) and of the same row 
(among different series), correspondingly.

The lines connecting the circles show the shift of an eclosion median time with change of light-on position.
For further explanations see the text.
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Fig. 3. Relationship between the magnitude of immediate response to the light stimulus and the latency from light-on to a median 
eclosion time.

Solid circles indicate the control treatments (Series A, constant temperature of 20°C), open circles indicate the treatments with a 
high temperature pulse at the onset of scotophase (pooled data of Series D, E). Fraction of adults was calculated relative to the total 
number of adults eclosing during the period of records (24 h). The lines indicate the exponential trend for control (solid line, y = 
10,62e-0025x; R2= 0,92) and experiment (broken line, y = 10,26e-0025x; R2 = 0,84).

during the period of the observation. The median was used 
instead of mean in the estimation of the phase of eclosion peak, 
because the distributions were often skewed. Median time of 
eclosion was compared among treatments by Kruskal-Wallis 
test. The comparison between fraction of adults eclosing within 
a given time period in different experiments was made by 
ANOVA test after arcsines transformation.

RESULTS

Series “A” experiments: eclosion under a constant 
temperature of 20°C (control)

Results of experiments conducted under a constant tem­
perature of 20°C are shown on the left column of Fig. 1. 
In the treatment with complete absence of a dark period, 
the number of eclosed adults proceeded gradually 
throughout the observation period, without any distinct 
peaks. After a short period of darkness (2 h) light-on 
induced a rather weak response, median eclosion time fol­
lowing light-on with latency of 10 hours. With a further 
increase of the scotophase duration the immediate 
response to light-on gradually intensified and the median 
shifted to the beginning of the photophase. After the 12- 
h-long scotophase the light stimulus evoked eclosion in 
65% of adults.

The relationship between the immediate response to the 
stimulus and the latency to the median was best fitted by 
exponential trend (Fig. 3). With increase of the magnitude 
of the response, the latency exponentially reduced. A 
similar correlation was obtained in treatments with the 
constant temperature (Series A) and a high temperature 
pulse (Series D and E). Hereafter, when comparing the 
results of these Series, we shall use the phase of eclosion 
relative to the onset of the photophase as an indirect 
parameter of sensitivity to the light stimulus (see the 
“Discussion”).

Series “B” experiments: 2-h-long high temperature 
pulse just before the light-on

Results of treatments where light-on was preceded by a 
2-h-long high temperature pulse are shown in Fig. 1, 
column “B”. In all treatments, except the one with total 
absence of a scotophase, the temperature perturbations 
caused significant modification of the eclosion pattern, in 
comparison with the controls (p < 0.05, Kruskal-Wallis 
test). Like the light stimulus, a rise of temperature in 
darkness induced eclosion in a certain fraction of adults, 
the response increasing with the time elapsed since 
light-off (see the points, corresponding with the end of 
the thermophase on the curves in Fig. 1, column “B”). 
Interestingly, in experiments with short (less than 8 h) 
scotophases a temperature pulse caused minor masking 
effect, but seemed to inhibit the response to the subse­
quent light-on. This effect was expressed both in the 
reduced immediate response to the light stimulus (p < 
0.05, ANOVA) and the prolonged latency to a median 
eclosion time (p < 0.05; Kruskal-Wallis test), in com­
parison with the controls. In treatments with more pro­
longed scotophases a temperature pulse evoked eclosion 
in a considerable fraction of adults in darkness, therefore 
emergence started earlier than in the controls (p < 0.05; 
Kruskal-Wallis test), with reducing the response to the 
following stimulus (light-on) (p < 0.05, ANOVA).
Series “C” experiments: 2-h-long high temperature 
pulse just after the light-on

Column “C” in Fig. 1 shows the results of experiments 
where light-on coincided with the beginning of the high 
temperature pulse. It is apparent from these data that the 
temperature step-up considerably enhanced the effect of 
the light stimulus. A strongly pronounced response to the 
joint influence of the stimuli was recorded even in the 
treatments with short (2 and 4 h) scotophases.
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Fig. 4. Daily changes in the responsiveness to single or joint action of the light and temperature stimuli.
A -  light-on stimulus; B -  temperature step-up in darkness; C -  simultaneous light-on and temperature step-up (the data were 

obtained in the series marked by correspondent letters).
“C prognosis” - a theoretical prediction of response to join action of the stimuli, based on the assumed independent impacts of the 

factors, “C experiment” - experimental data.
On the ordinate, there is a percentage of adults, eclosing within 2 hours after the stimulus application at a given hour, relative to 

the total number of adults eclosing during 24 h after light-off. The error bars indicate confidence intervals.
For further explanations see the text.

To examine if this activating effect of temperature is 
merely a summation of the stimuli impacts, we compared 
an immediate response to a single factor (light-on or tem­
perature step-up in darkness) and to the stimuli applied 
simultaneously. The fraction of specimens eclosing 
within 2 h after the beginning of the action of exogenous 
factor(s) is shown in Fig. 4. The degree of response 
increased with the prolongation of the scotophase. In gen­
eral, light-on exerted a more considerable influence than a 
temperature rise. The broken line denotes the theoretical 
predictions of fraction of individuals, eclosing within 2 
hours after a stimulation of both factors, estimated from 
the standard formula of percentages addition:

P (t + ph) = P (t) + P (ph) ((100-P (t)) /100, where

P (t) - percentage of adults eclosing after the tempera­
ture rise in darkness (experimental data);

P (ph) - percentage of adults eclosing after the light-on 
(experimental data);

P (t + ph) - percentage of eclosed adults, which is 
expected based on the assumed independent impacts of 
these factors (prognosis).

The data given in Fig. 4 strongly testify that the simul­
taneous action of light and temperature stimulus exerted a 
more significant influence, than could be expected if the 
factors acted independently.
Series “D” and “E” experiments: high temperature 
pulse (2 or 4 h) at the onset of scotophase

These sets of experiments were designed to specify the 
inhibitory effect of high temperature on the responsive­
ness to the light stimulus, observed in the first half of the 
12-h-long scotophase (Series “B” experiments).

The results are shown in Fig. 2, columns “D” and ”E”. 
A high temperature pulse at the onset of the scotophase

did not cause eclosion in darkness, but inhibited the 
response to the light stimulus applied several hours later 
(compare the diagrams with an equal scotophase duration, 
placed diagonally in Fig. 2). The effect was expressed as 
a reduced immediate response to light-on (in all treat­
ments except “10D”, there was a significant difference in 
comparison with the controls, p < 0.05, ANOVA) and 
prolonged latency to a median eclosion time (in treat­
ments with scotophase less than 10 h, p < 0.05, Kruskal- 
Wallis test). For instance, after 6 h of darkness, light-on 
induced eclosion in 50% of adults in the control group, 
median eclosion time fell on 10h. At the same time, no 
response was observed in treatments with a temperature 
pulse, and the medians were at 12 and 16 h in variants 
“D” and “E”, correspondingly (compare var. 6A, 6D and 
6E in Fig. 2).

The median eclosion time appears to be in a phase rela­
tion with the temperature step-down. To illustrate this, the 
plots in Fig. 2 were so arranged that in the same row there 
are the treatments with different prolongation of scoto- 
phase, but with the same period from temperature step- 
down to light-on (or, in the controls, from light-off to 
light-on). The eclosion distribution was compared among 
the treatments relative to a time denoted by a vertical 
dotted line. In most cases, there were no significant dif­
ferences between treatments of the same row (p > 0.05, 
Kruskal-Wallis test). This suggests that the latency from a 
light-on to a median in Series D and E was defined by not 
the whole duration of the scotophase, as in the controls, 
but by the “unaffected” part of the scotophase after the 
temperature drop.

Another parameter of the responsiveness, an immediate 
response to the light stimulus, was also found to be in a 
phase relation with temperature step-down. Fig. 5 shows 
the results of prolonged experiments of Series A and E. In
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Fig. 5. Daily changes in responsiveness to the light-on stimulus.
Solid line is for control treatments (constant temperature of 20°C, Series A), broken line is for experiments with 4-h-long high 

temperature pulse at the onset of the scotophase (Series E). On the ordinate, there is a percentage of adults, eclosing within 2 hours 
after light-on at a given hour, relative to the total number of adults eclosing during 48 h after light-off. The curves are based on 5 
(control) or 3 (experiment) replicates and smoothed with 2-point sliding means.

both variants the degree of immediate response to 
light-on significantly changed throughout 24 h after the 
onset of darkness. In the treatment with a 4-h-long high 
temperature pulse the observed daily dynamics was evi­
dently shifted to the later hours. A mean time of maximal 
responsiveness fell on 12.0 ± 0.8 (SEM) h under the con­
stant temperature, but on 15.3 ± 0.7 h if the thermophase 
was applied at the onset of darkness (p < 0.05, t-test).

Thus, in experiments with a high temperature pulse 
applied at the onset of the scotophase the changes in the 
responsiveness were in the same phase relation with tem­
perature drop, as with light-off in the controls.

DISCUSSION

Daily changes in masking effect of light and 
temperature

Results of this investigation have shown that the magni­
tude of the immediate response induced by light-on 
or/and a temperature rise in T. embryophagum depended 
on the time of stimulation. Just after light-off individuals 
exhibited weak sensitivity to light-on, intensity of the 
response increasing gradually peaking at 12 h after the 
light-off and then reduced again (Fig. 5). Similar changes 
were observed in response to a temperature step-up in 
darkness throughout the 12-h-long scotophase (Fig. 4).

The data are consistent with the previous findings that 
the response to various exogenous stimuli is under control 
of a circadian oscillation. For instance, circadian rhyth- 
micity in insects has been documented for sex pheromone 
perception, probing and optokinetic responsiveness, sen­
sitivity to drug and olfactory stimuli, etc. (Brady, 1975, 
1978; Saunders, 1982; Zhukovskaya, 1995; Krishnan et 
al., 1999; Andretic & Hirsh, 2000). Daily changes of the 
masking effect of the light stimulus were also demon­
strated for behavioural and adult eclosion rhythms 
(Zotov, 1983; Morris & Takeda, 1994; Germ & Tomioka, 
1998a). These modulations in responsiveness to light are 
thought to be caused by the circadian rhythms in sensi­

tivity of visual system to light, which are well known in 
insects (Germ & Tomioka, 1998a, 1998b; Pyza & Cym- 
borowski, 2001).

Such circadian changes in responsiveness to exogenous 
stimuli seem to be of adaptive significance preventing the 
response to occasional changes of environment at an 
inappropriate time (Tshernyshev, 1984).
Modification of responsiveness to light-on by a high 
temperature pulse

The experimental data indicate that two factors inter­
acted in a complex manner, i.e. a high temperature pulse 
essentially affected the response of the individuals to 
light-on. Two opposite effects, especially pronounced in 
the first half of the 12-h-long scotophase, were observed, 
according to the position of the thermophase relative to 
the photophase.
Activating effect of a high temperature pulse

The response to the light stimulus was considerably 
enhanced when a temperature step-up and light-on were 
coincident. This effect exceeded the mere summation of 
single stimuli impacts (Fig. 4), suggesting that the influ­
ences of the two factors are converged by a certain inte­
gration mechanism. This is consistent with the previous 
findings that light and temperature information are appar­
ently integrated on some levels of the circadian system 
(Ikeda & Tomioka, 1993, Moore & Rankin, 1993; Sidote 
et al., 1998; Tomioka et al., 1998).

Interestingly, the cumulative effect of the simultaneous 
actions of light and temperature changes was observed 
previously in the studies with daily synchronous changes 
of light and temperature (Moore & Rankin, 1993; 
Zaslavski et al., 1995). For instance, when the adult eclo- 
sion rhythm in Trichogramma evanescens was synchro­
nizing to several light cycles combining with a short 
thermophase at the onset of the photophase, an effect elic­
ited by such entrainment significantly exceeded a simple 
sum of effects of single light or temperature cycle
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(Zaslavski et al., 1995). In the cited studies, however, it is 
difficult to establish the reason for an enhanced response, 
if it was caused by a masking effect of the two stimuli or 
by a synchronisation of a rhythm to both light and tem­
perature cycles.

The mechanism of the cumulative effect observed in 
our and previous studies still remains unclear and requires 
further experimental work.
Inhibitory effect of a high temperature pulse

One of the most striking results obtained at the initial 
stage of this study was the fact that a 2-h-long high tem­
perature pulse applied just before light-on significantly 
inhibited the response to the latter stimulus. This effect 
was differently expressed throughout the 12-h-long scoto- 
phase. Thus, in treatments with the period of darkness 
exceeding 8 hours, the decrease in a light-on response 
was apparently due to an advanced eclosion caused by the 
preceding temperature step-up in darkness. However, in 
the first half of the 12-h-long scotophase, the temperature 
stimulus induced eclosion only in a minor fraction of 
adults, but evidently inhibited the direct response to sub­
sequent light-on and delayed a median eclosion time (Fig. 
1, columns A and B).

To our knowledge, such an inhibitory influence of tem­
perature is previously unknown, at least for the rhythm of 
eclosion. A plausible suggestion is that the temperature 
pulse affects a circadian pacemaker controlling a rhythm 
of responsiveness to the light stimulus. This is supported 
by the well known fact that single, non-repetitive tem­
perature pulses or steps may cause phase shifts of cir­
cadian oscillators (Zimmerman et al., 1968; Wiedenmann 
& Loher, 1984; Ikeda & Tomioka, 1993; Sidote et al., 
1998; Saunders & Hong, 2000), although it has not been 
yet examined for the rhythm of light responsiveness.

To test this hypothesis, we designed two sets of experi­
ments, in which a high temperature pulse of 2 or 4 hours 
was applied at the onset of the scotophase. The changes 
of responsiveness to the light stimulus after a pulse were 
investigated by the application of light-on at a various 
time after the end of the thermophase.

It turns out that in both experimental series the high 
temperature pulse did not cause direct response of indi­
viduals, but inhibited response to the subsequent light 
stimulus. Moreover, the dynamics of eclosion after 
light-on was found to bear exactly the same phase angle 
to the temperature step-down as to the light-off in the 
control (constant temperature of 20°C). For instance, in 
the treatment with 4h of 30°C at the onset of the 6-h-long 
scotophase and in the one with 2h of 30°C at the onset of 
the 4-h-long scotophase eclosion proceeded after light-on 
in a similar way as if there was only 2h of the dark period 
(compare var. 2A, 4D and 6E in Fig. 2).

As we used the position of median eclosion time rela­
tive to light-on as an indirect parameter of responsiveness 
to the light stimulus, it can be therefore concluded that the 
rhythm of responsiveness to light-on was in a phase rela­
tion with the temperature drop. Further evidence is that 
the daily changes in the fraction of individuals, 
responding immediately to light-on, was also significantly

shifted by the temperature pulse to the later hours (Fig. 
5).

The results obtained in these experiments strongly sup­
port the suggestion that a temperature pulse at the onset 
of the scotophase can modify the response to light by 
shifting the circadian rhythm of sensitivity to the latter 
stimulus. This point should be noted in further studies 
concerning combined influence of the two factors.

Generally, the present data suggest that the influence of 
temperature on the masking effect of light can be imme­
diate or prolonged, activating or inhibiting, and appar­
ently mediated at several levels of control. It is reasonable 
to expect a similar effect of light on the responsiveness to 
a temperature stimulus, although this suggestion requires 
further experimental verification.
Adaptive value of the eclosion rhythm

Eclosion in Trichogramma species occurs during the 
morning hours, as in many other diurnal insects 
(Saunders, 1982; Lankinen, 1986; Ruberson et al., 1988; 
Pompanon et al., 1995). This timing may have two advan­
tages. First, in the morning, when the humidity is higher 
than in the middle of the day, the conditions are appar­
ently more favourable for emergence, as they prevent the 
insects from too much loss of water (Lankinen, 1986). 
Secondly, eclosion at the onset of photophase allows the 
parasitoids to start their reproductive activity
immediately, and thus reduces the risk of dying before 
laying eggs (Pompanon et al., 1995).

However, compared with other species studied so far, 
T. embryophagum possesses one conspicuous feature of 
the eclosion rhythm. In most insects, adult emergence was 
found to be under a rigid endogenous control, therefore it 
is restricted usually to a very narrow period of day, 
termed as “gates” (Pittendrigh, 1967; Saunders, 1982). 
On the contrary, the findings obtained in the present study 
suggest a great lability of mechanisms, controlling the 
rhythm of eclosion in T. embryophagum. Therefore, it is 
difficult to predict a precise time of emergence in this 
species. In many other aerial insects inhabiting northern 
regions, eclosion rhythms cannot be considered as a 
“gated” phenomenon, because of its high flexibility (Mul­
ler, 1973; Lankinen, 1986; Fischer et al., 1990). This fea­
ture may be of adaptive value, since in a northern climate 
it is important to react directly to favourable but unpre­
dictable changes of environmental factors at any time of 
day (Riihimaa, 1996; Lankinen & Riihimaa, 1997).
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