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Abstract—It is known that the light day length and diet could act as cue factors inducing adult (reproductive) dia-
pause in aphidophagous coccinellids. However, the rate of coccinellid larval development could also depend on
photoperiod and diet. The present study examines the effects of photoperiod (L : D =12 : 12 or 16 : 8) and diet (the
green peach aphid Myzus persicae or eggs of the Angoumois grain moth Sitotroga cerealella) on preimaginal de-
velopment of the multicolored Asian lady beetle Harmonia axyridis. At 20°C, a short light day and feeding on
aphids shortened larval development by 1.4 and 4.6 days, respectively. In combination, both factors caused a sim-
ple sum of separate impacts indicating the absence of their interaction. The duration of the pupal stage was inde-
pendent of photoperiod, but decreased by 0.3 days in individuals fed on aphids. The proportion of the larvae that
successfully completed preimaginal development was also independent of the light day length, but significantly de-
pended on diet (84 and 60% in individuals fed on green peach aphids and on grain moth eggs, respectively). In
sum, these results suggest that in the case studied, diet does not play the role of cue factor, but directly influences

the larval growth and development of H. axyridis.
DOI: 10.1134/S0013873810040019

INTRODUCTION

Environmental factors could influence insect
growth and development in two quite different ways.
The so-called vital factors exert a direct influence on
metabolism, while the influence of environmental cues
is mediated by neurohormonal mechanisms (Danilev-
sky, 1961; Tyschenko, 1980; Zaslavskiy (Zaslavsky),
1984; Tauber et al., 1986; Chernyshev, 1996; Saulich
and Volkovich, 2004; Danks, 2007). However, one
and the same parameter (e.g. temperature) could be
both a vital factor (development slows down with the
temperature decrease) and a cue factor (low tempera-
ture could induce diapause). Similarly, the absence of
prey (aphids) exerts a twofold influence on females of
predatory coccinellids (Evans, 2000; Evans et al.,
2005; Riddick, 2009). Moreover, special experiments
(Zaslavskiy et al., 1998; Semyanov and Vaghina,
2001; Semyanov, 2002; Semyanov and Vaghina, 2003;
Reznik and Vaghina, 2006) have demonstrated that
diet is the only cue factor inducing reproductive dia-
pause in the predatory lady beetle Harmonia sedecim-
notata (Fabr.) (Coleoptera, Coccinellidae). Separation
of “vital and cue components” of the same factor is
often methodologically difficult work. In particular,
the cue effect of a factor could be efficiently revealed
by the analysis of its interaction with some other envi-
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ronmental cue whose influence is known to be medi-
ated by the neuroendocrine system of the insect (e.g.,
the light day length). When some factor influences
only the level of the photoperiodic response but does
not change the pattern of the reaction (the impacts are
summarized without interaction), the two effects are
most probably based on different mechanisms. If the
studied factor interacts with the light day length,
changing the pattern of the photoperiodic response (as
it was repeatedly demonstrated e.g. for temperature),
this suggests that reactions to both factors are based on
the same mechanism (Zaslavskiy, 1996). However,
photoperiod could cause in insects not only “qualita-
tive responses,” such as diapause induction or termina-
tion, but also “quantitative responses” (e.g. changes in
fecundity or in the rate of development). Moreover,
there are reasons to believe that qualitative and quanti-
tative manifestations of the photoperiodic response are
based on the same mechanism (Zaslavskiy, 1984,
1996; Saunders, 2002). The present study was aimed
at analyzing the joint influence of diet and photoperiod
on the rate of development in the predaceous coccinel-
lid, Harmonia axyridis (Pallas). This species was
widely used for biological control of aphids in green-
houses (Koch, 2003; Roy and Wajnberg, 2007;
Belyakova and Balueva, 2007) but recently it has also
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attracted particular attention by its unexpected ability
to invade natural ecosystems (Roy and Wajnberg,
2007; Soares et al., 2007).

MATERIALS AND METHODS

The experiments were conducted with the labora-
tory strain of H. axyridis, originated from insects col-
lected in 2004 in Kedrovaya Pad’ Natural Reserve
(Khasanskii Region, Primorskii Territory of Russia)
and reared by the standard methods (Semyanov, 1996)
under constant conditions: the temperature of 25°C,
photoperiod of L : D = 18 : 6, feeding on larvae and
adults of the green peach aphid, Myzus persicae
(Sulz.) (Homoptera, Aphidae) reared on broad bean,
Vicia faba L. plants.

For the experiment, a group of the 1st instar larvae
hatched during 2 h was randomly distributed between
two photoperiodic regimens (L : D=16 : 8 or 12 : 12)
and two feeding regimens: larvae and adults of
M. persicae or eggs of the Angoumois grain moth
Sitotroga cerealella Oliv. (Lepidoptera, Gelechiidae).
The experiments were conducted in a thermostatic
room at 20°C. The larvae were kept individually in
plastic Petri dishes, food was provided daily in excess.
The larvae were offered aphids on the bean seedlings,
grain moth eggs were glued to a paper with the honey
solution (in the latter case, a wet cotton ball was
placed in the Petri dish as a water source). Pupation
and adult emergence were recorded daily at the same
time (46 h after the light-on). In total, development of
40—45 individuals was studied for each combination of
diet and photoperiod.

The distribution of the duration of the larval devel-
opment was close to normal and this variable was
treated by multifactorial ANOVA. The proportions of
individuals successfully developed to the adult stage
were compared using the chi-square test with the Man-
tel-Haenszel adjustment for the analysis of numerous
contingency tables. All the calculations were made
with Systat 10.2.

RESULTS

Two replicates of the experiment gave similar re-
sults that were pooled. Preliminary treatment did not
reveal any significant gender influence on the duration
of development and thus data on males and females
were also pooled for further treatment.

Two-factor ANOVA has shown that the duration of
larval development was significantly (p < 0.001) de-
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pendent both on feeding regime and on photoperiod,
although the influence of the day length (F = 22.5) was
much smaller than that of the diet (F = 233.7). It is
noticeable that the interaction of these factors was
practically absent (p = 0.957). Independently of the
feeding regime, at the short light day (12 h) the dura-
tion of the larval development was smaller than that
with the long light day (16 h), the difference between
the means being 1.4 days both in the larvae fed on
aphids and in those fed on the grain moth eggs
(Fig. 1). The influence of the diet was also practically
independent of photoperiod: at the short and the long
light day, larvae fed on aphids developed, correspond-
ingly, 4.7 and 4.6 days faster.

As for the pupal stage duration, it was independent
of photoperiod (p = 0.90) but significantly (p < 0.001)
depended on the feeding regime: in individuals fed on
aphids it was on the average 0.3 days shorter (Fig. 1).
Similarly, the proportion of the larvae successfully
developed to the adult stage was significantly
(p = 0.001) dependent on diet, but not on photoperiod
(p = 0.49). Judging by this parameter, aphids were also
more favorable food than grain moth eggs: the average
proportion of the larvae that successfully developed to
adults was 84% and 60% in individuals fed on aphids
and on the grain moth eggs, respectively (Fig. 2).

DISCUSSION

In many insect species, and particularly in predatory
coccinellids, the rate of larval development and adult
maturation could depend on the feeding regime
(Dreyer et al., 1997; Evans, 2000; Koch, 2003; Evans
and Guntner, 2005; Riddick, 2009). It is also known
that the diapause-inducing short light day often accel-
erates the development of the stages preceding dia-
pause, thus ensuring survival of the major part of the
insect population during the unfavorable period
(Danilevsy, 1961; Tyschenko, 1980; Zaslavskiy, 1984;
Tauber et al., 1986; Saunders, 2002; Saulich and
Volkovich, 2004; Danks, 2007).

However, in one of the earlier papers (Ongagna and
Iperti, 1994), the authors concluded that the short light
day slowed down H. axyridis larval development. The
results of another study (Berkvens et al., 2008) were
similar to ours: in individuals from the “laboratory”
strain at the 12 h light day development from egg to
adult stage was faster than that at the 16 h light day.
On the other hand, the same authors have found that
the development of the individuals from ‘“natural”
strain, cultured in laboratory conditions during only 4
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generations, was faster at the long light day. In addi-
tion, larvae from the “laboratory” line feeding on the
pea aphid, Acyrthosiphon pisum Harris developed
slower than those fed on the eggs of the Mediterranean
flour moth, Ephestia kuehniella Zeller, while in the
progeny of individuals from the natural populations
the rate of development in larvae feeding on aphids
was the same or even higher than that in larvae feeding
on the Mediterranean flour moth eggs.

Comparing these results with those of our study, it
should be pointed out that relatively large eggs of the
Mediterranean flour moth are most probably better
food for the larvae than small eggs of the grain moth,
although certain authors (Abdel-Salam and Abdel-
Baky, 2001; Dong et al., 2001) considered S. ce-
realella eggs quite suitable food for H. axyridis larvae
and adults. It is also possible that the laboratory strain
reared on the Mediterranean flour moth eggs during
many years, has adapted to this food. Generally speak-
ing, comparing of the studies conducted with different
lines of H. axyridis is hampered by its extremely high
intraspecific variability that has been noted by all the
authors.

Returning to the main purpose of the present study,
it should be noted that special analysis of the interac-
tion between photoperiod and diet in their influence on
the rate of development in predatory coccinellids has
not been conducted yet, although some data (Berkvens
et al., 2008) suggested simple summation of the two
effects. In our study, this conclusion could be made
from Fig. 1 and supported by the ANOVA results. In
addition, the diet significantly influenced the duration
of the pupal stage and the preimaginal mortality, while
our data showed that both parameters were practically
independent of the light day length. Obviously, in our
experiments the diet was a vital factor, directly influ-
encing H. axyridis larval growth and development.

CONCLUSIONS

(1) The short light day (L : D =12 : 12) and feeding
on aphids Myzus persicae accelerated Harmonia axy-
ridis larval development, while the long light day (L :
D = 18 : 6) and feeding on eggs of the Angoumois
grain moth Sitotroga cerealella slowed it down. In
case of the joint action, the impacts of the two factors
were summarized, the occurrence of an interaction was
not revealed.

(2) The duration of the pupal stage and preimaginal
mortality were independent of photoperiod, but were
significantly lower in individuals fed on aphids.
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Fig. 1. Influence of diet and photoperiod on duration of different
stages of Harmonia axyridis preimaginal development. Abscissa,
the light day length (h); ordinate, duration of development (days).
Quadrates, time from larval hatching to pupation (filled, in larvae
fed on aphids; empty, in larvae fed on the grain moth eggs); trian-
gles, the duration of the pupal stage (filled, when larvae fed on
aphids; empty, when larvae fed on the grain moth eggs). Means
and SD are shown.
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Fig. 2. Influence of diet and photoperiod on the percentage of
Harmonia axyridis larvae successfully developed to the adult
stage. Abscissa, the light day length (h); ordinate, the percentage of
larvae successfully developed to the adult stage (filled quadrates, in
larvae fed on aphids; empty quadrates, in larvae fed on the grain
moth eggs). Percentage and 95% confidence intervals are shown.

(3) Obviously, in our experiments the diet was not
a cue factor, but directly influenced H. axyridis larval
growth and development.
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