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Abstract—The lack of aphids in the diet seems to be the only external factor that induces diapause in the labora-
tory strain of Harmonia sedecimnotata originating from southeastern China (Guanchzhou environs). This diapause
may last for months, but it can be terminated fast at any time provided the aphid diet i1s resumed. However, the rate
of reactivation indicated by the time when oviposition is resumed, depends on the amount aphids supplied. Appro-
priate experiments made 1t possible to clearly distinguish the common metabolic role and the signal action of this
specific food. The latter function 1s most likely perceived via chemoreception. The investigated reaction to specific

food is as strong and precise as the well known insect response to photoperiod.

This experimental investigation was motivated by
previously published assumptions {Zaslavskii, 1996a,
1996Db) that, possibly being manifestations of one and
the same physiological mechanism, environmental
reactions determining the seasonality of insect devel-
opment can be considered members of a common se-
ries. If this is the case, then, firstly, reactions to photo-
period, temperature, food, and intrapopulational inter-
actions are initially equivalent in the sense that each of
them may become dominant, secondary or silent at all
In the course of the life cycle evolution. Secondly, i1t
must be admitted that each of them must be investi-
gated 1n the same way as the most fundamentally 1n-
vestigated photoperiodic response. In the first place
this means that the actual inducing factor (“inductive
event”) and, at least, general features of the operation
of receptive mechanism (qualitative or quantitative
reception etc.) are to be revealed for reactions to tem-
perature, food, or other factors.

The reaction to food, widespread in insects and
most accessible to laboratory investigations was cho-
sen as an example of a poorly studied reaction deter-
mining presence or absence of diapause. The tropical
lady beetle Harmonia sedecimnotata (Fabr.) was
found to be a convenient object for investigations of
the food reaction. In this species, only the lack of
aphids in the diet induces a diapause which may last
for months, but quickly ceases as soon as the contact
with aphids is resumed. We failed to reveal any reac-
tion to photoperiod in this species.

The present paper is mostly concerned with just the
initial stage of this reaction, i.e. the acting factor and

perception of 1t. There 1s no question as to whether or
not the specific food, aphids, 1s a cue factor. It 1s, be-
cause its presence or absence switches development
from one of the alternative ways to another. The point
to be elucidated is the essence of this signal. In which
way does the primary and obvious role of the food as
food proper (metabolic role) correlate with its signal
role? Does an insect percept as a signal the fact of
presence or absence of satiation by itself, or there is
some specific sensor mechanism for cue effect of
food, perceiving some of its specific characteristics,
not necessarily associated with satiation or hunger?

MATERIAL AND METHODS

A laboratory strain of H. sedecimnotata from south-
eastern China was used in the study. This species is
wide spread in Pakistan, India, Vietnam, China, the
Philippines, and Malaysia (Bielawski, 1959; Hoang,
1983). The original material was collected in fields in
the environs of Guanchzhou on hemp infested with the
aphid Phorodon cannabis Pass. and on corn infested
with the aphid Rhopalosiphum mavydis Fitch. on June

12, 1990, during mass emergence of beetles from pu-
pae.

In laboratory, the peach aphid (Myzus persicae
Sulz.) bred on horse beans (Vicia faba L.) served as a
food source. The material used in quantitative experi-
ments with reactivation was prepared according to the
following scheme. Young beetles matured while
feeding on aphids, and laid eggs for 15-20 days more.
Thereafter they were fed with 10% sugar solution only
to induce the diapause. All experiments started after
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Fig. 1. Influence of the number of aphids in daily ration on the dynamics of reactivation (until laying a first egg) in diapausing females.
Solid lines—daily feeding with aphids: (/) 50 aphids, (2) 25, (3) 12, (4) 6. (5) 3, (6) 1. Dotted lines—feeding once in two days: (7)
U aphids, (&) 25, (9) 12, (10) 6, (11) 3 aphids. Vertical axis—number of females that have started oviposition (%); horizontal axis—

time till laying a first egg (days).

30 days of diapause. Females were placed individually
In Petr1 dishes 9 cm in diameter and, with carbohy-
drate feeding preserved, were fed with a certain num-
ber of aphids (in different variants, 1, 3, 6, 12, 25, and
50 aphids per day and also 3, 6, 12, 25, and 50 aphids
once 1n two days). Laid eggs were counted daily.

To determine whether females are able to react to
presence of aphids at a short distance without a possi-
bility to touch them, a pot with beans and aphids sit-
ting thereon was isolated by a double layer of kapron
gauze cloth. This pot was placed at the bottom of a 3-
liter glass cylinder covered with cheese-cloth. Beetles
prepared for the experiment according to the foregoing
scheme were placed in the cylinder and supplied with
carbohydrate food. In different variants, 25, 50, 500
and 1000 aphid nymphs were placed on plants in these
cages. Aphids were replaced daily to maintain a given
quantity. On the 5th, 10", and 15th days of keeping in
the cylinder, females were dissected to determine the
state of their ovaries.

RESULTS

Induction of Food Diapause and lts Features

Giving a permanent opportunity to feed on aphids,
i.e., to use food necessary for the larval development,
H. sedecimnotata beetles, having emerged from pupae,
become mature and start intensive oviposition.
At 25°C the oviposition lasts continuously for 3—4
months, gradually decreasing in intensity until total
termination.

However, when beetles in full oviposition are de-

prived of aphids, they lay all the remaining mature egg
during 2-3 days and then completely terminate repro-
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duction and aggregate in folds of paper and other re-
cesses, manifesting the typical behavior of diapausing
coccinellids. When offered additional carbohydrate
food (sugar syrup), beetles well survive over 30-40
days despite the constant temperature of 25°C and,
moreover, are able to restart oviposition fast when
feeding with aphids 1s resumed. Thus, the typical be-
havior and the capacity for long-term survival and
reactivation prove that termination of contact with
aphids induces imaginal diapause in H. sedecimnotata,
all other conditions being the same.

However, the imaginal diapause is primarily a re-
productive diapause. That 1s why its most direct
manifestations are termination of vitellogenesis and
oocyte growth and such changes in ovaries that to
a certain degree revert them to a state in which they
had been before the beginning of maturation.

In H. sedecimnotata, each ovary consists of
28 ovarioles connected with paired oviducts. A
characteristic feature of this species is that each ovari-
ole contains at any moment only 2 follicles. In this
feature our object differs from the previously studied
Chilocorus bipustulatus L. and Coccinella septem-
punctata L. (Vagina, 1974), in which the vitellarium 1s
a chain of 4-5 follicles. In H. sedecimnotata, the first
follicle contains either a young oocyte of the 1st gen-
eration with transparent cytoplasm, or a previtello-
genic oocyte of the 1st generation with mat-white cy-
toplasm, slightly enlarged owing to deposition of a
“white yolk.” Oocytes of the 2Znd generation in the
second follicle may be on various growth stages, they
are yellowish or yellow through deposition of yolk
granules.
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Fig. 2. Influence of the number of aphids in daily ration on the
mean duration (T) and rate (1/T) of female maturation in
reactivation (until laying a first egg). Vertical axes: left—duration
(days), right—rate; horizontal axis—number of aphids per female
per day.
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Fig. 3. Influence of the number of aphids in daily ration on the
mean total fecundity during 30 days after reactivation with the
same number of aphids plotted: (/) on natural scale, (2) on loga-
rithmic scale. Vertical axis: number of laid eggs; horizontal axis:
lower scale—number of aphids per one female per day, upper
scale—same on the loganthmic scale.

After eclosion of females from pupae, ovarioles are
represented only by germariums. Three days later,
oocytes of the first generation are already present, and
germariums are substantially enlarged. By the 5th day
new oocytes of the 1st generation are already separat-
ed. while in older oocytes production of yolk granules
in the cytoplasm is observed. On the 10th day in part
of females ovaries already contain mature chorionated
eggs; first oviposition is recorded on the same day.

The above-mentioned pattern of how this active
state is interrupted and diapause formed is essentially
supplemented by the results obtained in dissection of
females. On the 7th day after termination of feeding
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with aphids, the previtellogenic (“mat’) oocyte of .th-:-
first generation and an oocyte of the 2nd generation
still filled with yolk granules are present In OVAries.
On the 15th day, the germarium size significantly de-
creases. and the second oocyte only occasionally con-
tains few yolk granules, while in most cases I:ts cyto-
plasm has the same appearance as the mat-whu.e cyto-
plasm of the first oocytes. In this case, no signs Eff
resorption are observed. Till the 30th day, approxi-
mately in a half of dissected females ovarioles are
nothing more than a highly reduced germarium in the
form of a thin distally dilated tube and a pedicle with a
yellow body, an indication of previous ovulation. In
the rest of females, at the same general state of ovari-
oles, germarium is followed by a small transparent
oocyte of the 1st generation.

It is this state occurring after 30 days of the absence
of aphids in the ration that was used as a starting posi-
tion in all the following experiments on reactivation.

Reactivation of Diapausing Females

When feeding with aphids 1s resumed and they are
abundant, females that have diapaused for one month
reactivate and very fast, in 3-5 days, start intensive
oviposition (Fig. 1, 1).

The following experiments were aimed to obtain at
least preliminary quantitative information about how
both the reactivation itself and the further state of fe-
males depend on the number of consumed aphids. In
different variants, each female was supplied with 1 to
50 aphids per day (see “Material and Methods™). Daily
counts gave curves describing the dynamics of repro-
duction resumption (Fig. 1), the mean duration of
maturation for each experimental group (Fig. 2, Table
1), and the mean total fecundity during 30 days of
oviposition (Fig. 3, Table 2). The same indices were
also obtained in a special experiment when beetles
were supplied with the same mean number aphids per
day, but only once in two days (Tables 1 and 2).

Before starting this series of experiments, we as-
sumed that reducing the number of aphids in the daily
ration would reveal the threshold quantity, below
which feeding with aphids is no longer an activating
factor. However, an unexpected and surprising fact
was observed: at the given initial state of females.
feeding even with one aphid per day causes full matu-
ration in part of females, and three aphids per day are
enough for maturation, although significantly delayed,
of 100% females (Fig. 1). Recall that in the total ab-
sence of aphids diapause may last for one more month.
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Generalized indices of maturation dynamics—duration  aphids was provided daily and once on two days

and mean rate of maturation—are presented in Fig. 2 = 22 | S o = 8 ol - e
and Table 1 in relation to the number of contacts with 3| =8| sz | 55858 E S %
: o .o = = B = L o o B = B e
aphids. ES|EE| 825 | ER 2| E & 8 2O
S S| 58| 3Ia~= |28 2| 8& 5 @~
: . . Z e Z A E Z &5 | & A E
The mean overall fecundity during 30 days serves as = - ' b
a quantitative characteristic of the active state (Fig. 3, | 20 [24.0£3.6 3 16 30.6 £9.4
Table 2). It is easily seen that two dependences on the 3 15 | 103 +0.8 6 () i 116+10
number of consumed aphids, presented in Figs. 2 and [ »
3, are obviously different. S ol o Il i 2 1
. - . , 2R 7 G LR O Sa I BP0 R | R0 5.4 0.2
An interesting feature was revealed In experiments | |
when aphids were offered not daily, but once in two 25 14 144 x0.12 D aleE L 44 +0.2
days. jﬁ‘u equal mean FILJ!:tlhEI‘H Df_ilphlﬂfi- per dil}-': indi- 50 16 | 35+02 A y §
ces of mean duration of maturation and mean fecun- —— L

dity were practically the same (Tables 1, 2).
Table 2. Mean total fecundity during 30 day after re-

In spite of an as yet low number of experimental activation (25°C) with aphids provided daily and once on
points, the difference in shape between curves m  two days

Figs. 2 and 3 is hardly occasional and, consequently, =i o 8 2|

. . : - : ; - 'E = o - = = -.i )
their interpretations must be different. The fecundity 55|52 Mean 5 ﬂf 52 N

- : : - L — : . 7 — d

logarithmically depends on the number of consumed £ = = E| fecundity |E2 2| € 5 fecundity
aphids. Obviously, it is a “dose-effect” dependence, =z a|=Z ~ Z &gz |
as supported by its linearity with “dose™ plotted on — G| e : Fraws
{ e . e e F | 1 2SR EENH 3 16 8.0£2.0
the logarithmic scale (Fig. 3). By contrast, curves
illustrating the influence of the number of aphids 3 15 | 31.0% 5.0 6 20 3122145

|
on the duration and rate of maturation {Fig, 2) 6 ‘ 73 106.0 + 6.4
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DISCUSSION

The object of this study was a fortunate choice. In
contrast to C. septempunctata, in which both the pho-
toperiodic reaction and the food reaction are present
and interact with each other (Savoiskaya, 1960; Ho-
dek, 1973, 1986; Sem’yanov, 1986; Zaslavskii and
Vagina, 1996), in H. sedecimnotata, only the second
of these was found. This comparison confirms once
more the supposition that any of physiological reac-
tions controlling the seasonal development, secondary,

or silent at all, may become dominant in the evolution
of life cycles.

The distinct, not complicated by influence of other
factors, food reaction facilitates its special investiga-
tion. The main target of the present study was to come
close to an understanding of the course of this reaction
and, in the first place, of its initial stages. This prob-
lem was the objective of experiments on limited feed-
ing with a specific food—aphids.

Initially, it was assumed that a threshold quantity
would be revealed in going from 1 to 50 aphids, below
which reactivation no longer occurs. However, it was
found that, at least in the given initial state of the ma-
terial used in this study (see above), no threshold ex-
1sts, because the stimulating influence starts with
a single aphid was provided and then gradually in-
creases.

This brings up the key question of the present study:
what aspect of feeding on aphids is a signal that
switches beetles from diapause to active state? One
can 1magine two kinds of the cue effect of food. In one
case, this is the quantity of food in itself, i.e. the de-
gree of female’s satiation. In other case, signal by it-
self may be devoid of nutritional value, being per-
ceived by a certain sensory system.

An example of a direct influence of satiation is eas-
ily observable in Fig. 3 and Table 2 in the form of a
relationship between the number of consumed aphids
and that of laid eggs. The relationship is of the usual
“dose-effect” type, characterizes the state of already
reactivated females, is unrelated to the reaction which
determines activation, and is not a cue reaction.

A second correlation between the number of aphids
and reactivation (Fig. 2), of special interest for us, was
revealed in the same experiments with the same mate-
rial, but it is obviously different from the preceding
one. This suggests that not the degree of satiation, but

another cue emanated by aphids induces the active
state of females. This is indirectly confirmed by accel-
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eration of their maturation and consequently a sharp
increase of the signal at the quantities of aphids (1-3)
with negligible nutritional value. A direct evidence in
favor of the non-nutritional character of the signal
perceived in contact with aphids i1s furnished by the
first results of experiments which revealed weak but
clear reaction to some volatile factor emitted by

aphids. Data of this kind point to the truly cue charac-
ter of the reaction to food and indicate the possibility
of its association with chemoreception.

Returning to the curves in Fig. 2, we see that their
shape clearly suggests that they are formed by two
different sets of points, reflecting two different de-
pendences on the number of aphids. Possibly, the first
of these i1s the dependence of the induction force
(steep parts of the curves), and the second, the de-
pendence of the rate of oocyte growth (gently sloping
parts).

Such interpretation of the curves in Fig. 2 is based
on the following. One female can consume ca. 50
aphids per day. However, a sharp increase in the
rate of reactivation and maturation is observed in the
range from 1 to 6 aphids per day, i.e. at the poorest
ration (Fig. 2, Table 1). In particular, a significant
difference in time of oviposition onset is obvious
(Fig. 1). In contrast to the range from 1 to 6, increasing
the ration from 6 to 50 aphids causes only a slight
decrease of the mean duration of maturation
(Fig. 2, Table 1), and the time of oviposition onset
1s shifted by two days only (Fig. 1). It is possible
that, with even a small number of aphids (ca. 6 per
day) consumed, the overall induction effect reaches
a value when the period required to develop a hormo-
nal impetus towards oogenesis is reduced to its natural
limit. That is why further increase in the number of
aphids does not influence the rate of reactivation in

itself, and only slightly accelerates the growth of oo-
cytes.

What 1s the inductive event in the reaction of
H. sedecimnotata to food determining the diapause?
Having considered all the above data, we conclude
that this 1s contact with prey, its capture, and percep-
tion of stimuli emitted by prey. The following—satia-

tion and assimilation of the prey—produces the result
illustrated in Fig. 3.

In conclusion, we are forced to accept the fact that

the data presented here raise problems rather than
provide answers. However, some of important features
of the reaction to food and comparison of this reaction

ENTOMOLOGICAL REVIEW Vol. 78 No. 6 1998
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with the photoperiodic reaction can be already out-
lined.

(1) In photoperiodism, the long or short days are
perceived by the mechanism of *“photoperiodic clock™
and, by definition, create a single impulse per day. In
the reaction to food of the predatory ladybird, the in-
ducing factor acts most probably via chemoreception
and 1s of multiple nature.

(2) The strength of photoperiodic induction gradu-
ally changes, depending on the length of day and night
(Zaslavski, 1984). In the food reaction studied, the
strength of induction (per day) also changes gradually,
depending on the number of contacts with aphids.
Thus, in both reactions, the inducing factor 1s per-
ceived quantitatively.

(3) Quantitative perception 1s associated with the
common feature of photoperiodic and food reactions,
i.e. with the existence of a distinct threshold value of
the overall effect of induction, to be achieved for the
final effect of the reaction to occur (e.g. for termina-
tion of diapause). The existence of such a value fol-
lows from the negative correlation between the period
of action and the strength of a factor (Saunders, 1976:
Zaslavskii. 1984, 1995). This is particularly obvious in
the food reaction of H. sedecimnotata, because in this
case the strength of induction is arbitrarily assigned by
an experimenter, instead of being indirectly estimated
in special experiments.

(4) Unexpectedly, it was found that the exactness of
the reaction to the number of aphids 1s comparable
with the precision of the photoperiodic reaction. This
was demonstrated by an experiment when aphids were
provided once in two days, rather than daily. At equal
mean daily amounts of consumed aphids, the results,
' e duration of maturation, were the same (Table 1).

Thus. in spite of the necessity for further investiga-
tions. the first results suggest that the food reaction 1s
a natural component of a series that includes reactions
to photoperiod and temperature (Zaslavskii, 1984) and
that is why all these reactions should be studied and
interpreted using the same paradigm. Recall that just
this was the hypothesis to be tested 1n the present

study.
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