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USING CROWDING AND SPACING FOR RAISING THE
ERI SILKWORM PHILOSAMIA RICINT HUTT
[70]

Eid', M.A.A. and MLN. El-Basiony®
ABSTRACT

The effect of spacing was studied by rearing Philosamia ricini larvae in separa-
tion and in crowding throughout the larval stage. The other treatinents were sepa-
rating larvae after passing the four sucessive instar larvae under crowding. During
the last (fifth) instar, the general pattern of behaviour was examined. The crowds
were generally more active than all conditions of separation. The highest activity
devoted to feeding applied to those separated in the fifth instar. The crowds were
active apart from feeding more than about three timies as much as were the condi-
tions of separation. It has been claimed that larvae which were separated from
crowded condition in the fifth instar gave rise to the least mean total duration and
highest rate of growth. The least average fresh weight of mature larvae was induced
by crowded condition. The mature larval and coccon weights concerning conditions
of separation were gradually increased with the increase of instars passed under
crowding. The mortality of crowded larvae was lower in the first, three sucessive in-
stars than separated conditions. In the remainder instars, the mortality of those sepa-
rated from fourth ang fifth instars was lower than all conditions.
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INTRODUCTION

The effects of population density on
the eri silkworin were early studied by
Wafa and Eid (1966). The cffect of
separation was examined and a conclu-
sion that separation in the two late instars
would be advantageous had been drawn,
A recondite study was therefore neces-

sary fo approach the most productive
method for raising eirworm.

Mechanisms of, and responsiveness to
crowding were studied by Lee et al
(1990), Haque and Hossain (1991),
Talukder e al (1991) and Srivastiva
and Migra (1997).

The sensitivity of different larval in-~
stars to separation was ment-ioned by Eid
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(1967); Karaivanov (1988); Alok and
Sahay (1996) and Mishra e af (1998).
Crowding and spacing can modify ex-
pression of genetic and non genetic traits
on growth (Alok and Sahay, 1992 and
Kause et al 1999); development time
(Eid, 1967; Talukder ef af 1991; Kari-
- man, 2000 and Mishra e al 1998);
feeding and feeling habits (Kanse ef af
‘1999; Kariman, 2000 and Cui e al
2001).

" High mortality in separated larvae
during early instars was found by Hirata
(1962), Eid (1967) and Kariman (2000).

The aim of the present work is to raise
the eri silkworm under different rates of
. crowding and spacing for the purpose of

finding out the most appropriate rate for

MATERIAL AND METHODS

Rearihg experiments were underiaken
in the Autumn of 1999 and spring of
2000 under normal conditions in the labo-
ratory. Larvae of Philosoma ricini were
reared in oblong wooden frames ratlined
to squares of 10 X 10 X 8.5 cm for sepa-
rated larvae and 20 X 20 X 8.5cmfor
crowded larvae.

The replicates of crowded larvae (C)
and separated from hatching (S H) were
set up with newly hatched larvae from
one batch of eggs. The other treatments
were as foliows:

1. Larvae which had been crowded and
scparatged afler the first moult (5.2),
after the second moult (S.3.

2. Larvae which were kept in crowds for
three instars and separated in the
fourth (S.4) and those which were
kept in crowds throughout the first,
three instars and separated in the fifth
instar (S.5).

Eid and Fl-Basiony

1. The Generzl Pattern of Behaviour

During the last instar two replicates
{each 20 larvae) from each condition
were selected, in a comparable stage of
development, care being taken to avoid

‘larvae which were approaching the pre-

pupal period. The 40 larvae of every con-
dition were marked with coloured spots.
Observations were then made at 10 mn.
intervals over a period of 5 hr of daylight
and the behaviour of each larva in 12
replicates for 6 treatments was simply
recorded as follows :

F: Feeding including masticatory move-

ments.
A: Any form of-activity not recorded as

feeding.

R: Complete . immobility regarded as
. ,

The - recording thermograph showed
that the temperature remained constant
within 2°C throughout this experiment.
The duration, weight and mortality of
every larval instar were recorded
Cocoons, after 5 days, were sexed and

weighed.
RESULTS

1. The general pattern of behaviour

The results of the experiuments are
given in the following summary ex-
pressed as percentages based on the totat
of 60 occasions for each condition.

The analysis of the results showed
significant differences except in case of
differences between separation in first
three instars. Assuming that these results
reflected the tofal behaviour over the pe-
riods of the experimenis more time was
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Behaviour C. SH 5.2 83 sS4 5.5 L.SD.
Feeding 313 209 213 23.2 29.9 346 23
Active 16.9 44 4.5 52 4.7 5.1 2.7
Resting 518 747 74.2 71.6 65.4 60.3 39

spent in resting by the separated larvae
than by crowds. This means that the
crowds were generally more active than
all conditions of separation. Furthermore,
it can be seen that the highest activity
devoted to feeding applied to those sepa-
rated in the fifth instar. Much more
striking is the fact that the crowds were
active apart from feeding more than about
three times as much as were the condi-
tions of separation. This could account
for the impression of a greater restless-
ness in the crowds.

It can be seen that the crowded larvae
when changed to separated conditions
still spend less time resting, proportional
to the ime passed under crowding, than
those separated from hatching.

2, Mean total duration (larval dura-
tion)

Examining the data obtained from
both rearings, it is revealed that larvae of
all conditions were affected by crowding

as the development of all conditions was

significantly accelerated as compared
with those separated from hatching.
Comparing mean total duration obtained,
it has been claimed that those separated
from hatching, from the second instar and
from the third instar gave rise to longer
larval duration which differed signifi-
cantly from crowded condition in both
seasons (Fig. 1).

It is indicated that 5.4 and S5, gave
rise eventually to more reduced larval
durations, when compared with C. condi-
tion. In both seasons, the differences were
significant in case of 8.5, only (Fig. 1).

Validity of this tendency could be
extensively appreciated by relating instar
period of every condition to its crowded
counterpart. From Figure (1) it is revealed
that rate of acceleration was markedly
affected with the time passed under
crowded conditions. Larvae of §.2, gave
rise to higher growth rates than SH,
however, their growth rates were lower
than their crowded counterparts (Fig. 1).
In case of S.3, the growth rates were ac-
celerated than C. for one instar only then
reversed to be lower in the remainder
instars (Fig. 1).

With regard to 5.4, the growth rates
were accelerated than crowds in the two
remainder instars in Spring while re-
versed in the fifth instar in Autumn (Fig.
1), it was found that the highest rate of
acceleration applied to 5.5 inboth sea-

sons (Fig. 1).
3. Larval growth

a) Larval size

An analysis of the size of mature lar-
vae, expressed by their weights, showed

that larval size was affected by crowding
as well as separation. Average larval
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Fig. 1. Larval Duration and Growth Rates

weights of all conditions of separations

were significantly higher than those of -

crowded condition in both seasons (Fig.
2). Despite the result that S.H. were
higher than those of C., it is deduced that
crowding had played as a controlling
factor.

The mature larval weights of S.H., §.2
and S.3 were not significantly different in
Spring. The differences between weights
of S.3 and S.4were not significant in
Autumn. In both seasons S.5 were sig-
nificantly highest. Although the mature
larval weights of conditions of scparation
were not always significantly different,
the fresh weights were gradually in-

creased by the increase of instars passed
under crowding (Fig. 2).

b) The progression factors

In order to demonstrate the phenome-
non of larval growth pattern, the progres-
sion factors of successive instar weights
of every condition were calculated. In
both seasons the values obtained for lar-
vae reared in crowds were hugher, till the
third instar, than those S H. and S.2. In
the remainder instars the separated were
higher than the crowds (Fig.2). The val-
ues obtained for 8.3, S.4 and 5.5 were
higher than their crowded counterparts

(Fig. 2).
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Fig. 2. Larval growth and Progression factors of crowded and separated larvae

4. Larval mortality

From the results obtained in two
rearings as shown in Fig. (3), it could be
pointed out that conditions which lead to
relatively rapid development tended to
keep the mortality to a minimum. Itis
indicated that the mortality of crowded
farvae in the first, second and third instars
of both seasons were significantly lower
than separated conditions. In the remain-
ing instars, the mortality of S.4 and 8.5

were significantly lower than all condi-
tions in both rears (Fig. 3).

S. Silk productivity

In the fore-going topic a definite trend
of larval growth pattern have been dem-
onstrated. A similar tendency could be
expected as the average weights of
coccons for both sexes and seasons re-
flected generally the same tendency, de-
spite the differences between males and
females.
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The results that larval weights of dif~
ferent conditions of separation were
gradually increased with the increase of
periods passed under crowding, were
reflected more properly in Autumn than
in Spring (Fig. 4).

DISCUSSION

Although many insect behaviour ap-
pear to be highly strerotyped in their form
under typical conditions of arousal, such
behaviour seldom is rigid and constant in

pattern. To understand individual vari-
ability within a species, the change of
aspects of the environment including
characteristic stimulus objects must be
considered. The basis of variation may be
internal, either temporary depending upon
short lived differences in the internal
conditions of the individual goveming
susceptibility to external stimuli, or last-
ing. -

From the results it could be concluded
that crowding may lead to two distinct
changes in behaviour of the eri silkworm.
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The first is the production of achange
reflected in high level of activity which
more probably involves non-feeding
movements. The second is that the me-
chanical aspects of crowding may act as a
stimufant to feeding activity in those
scparated after being in crowds. This re-
sult is in agreement with those of Eid
(1967) and Leonard (1969), Kause ef al
(1999) and Kariman (2000). The much
more striking is that the intensity of
stimulation, in the last instar, seems to
proportionate the time passed under
crowding.

Growding as well as spacing represent
environmental factors with a demonstra-
ble biological significance in the normal
behaviour of the eriworm. Thus depar-
tures from the normal tendency may lead
to change in pattern of behaviour without
necessarily involving a change in the ba-
sic behaviour. For example, crowding
which is the normal tendency in the first
instars showed higher activity involving
non-feeding movements which was never
shown by separated larvae. That this rep-
resents only a change in the general pat-
tern of behaviour is shown by the fact
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that the crowded larvae, when put in
separation, their higher activity acted as a
stimulant to feeding activity. The same
tendency was reported by Kariavanov
(1988), and Kause et al (1999).

The results of the mean total duration
revealed that the development of crowded
larvae was more rapid than those of sepa-
ration in the first three instars, as found
by Lee et al (1990). Mishra e al (1998),
and Kariman (2000), while more re-
tarded than those of separation in the two
late instars. The least total duration ap-
plied to those separated in the last instar,
Validity of this tendency was illustrated
by the growth rates, which revealed that
rate  of acceleration was markedly
affected with the time passed under
crowded condition.

1t could be concluded that a condition
of  stimulation among  crowded
individuals which caused extra stimuli in
larvae and initiated responses over those
experienced by the separated larvae,
might propaby be due to a mechanical
factor throughout successive instars from
the simple mechanical effect of contact
between larvae. Eid (1967) and
Kariman (2000). This condition of
stimulation might resuit in a higher
feeding level, coupled with extra
movement, which affected the internal
physiological process and consequently
the rate of development.

Crowding together with spacing are
factors from the favourable complex of
extemal conditions which had a desirable
effect on the development and growth of
the eriworm. Despite the result that larvae
which practiced separation throughout the
larval period weighed more than their
crowded counterparts, the mature larval
weights of the other conditions of separa-

Eid and El-Basiony

tion were gradually increased with the
increase of periods passed under crowd-
ing
The demonstration of larval growth
paitern by the progression factors re-
vealed that the growth of crowded larvae
was higher in the first three instars, how-
ever, a reversal response was deduced in
the remainder instars and all conditions of
separation were higher than crowds.

It could be suggested that a coaction
between larvae acts as a growth promot-
ing agency up to the third instar, but turns
to operate in suppressive way at latter
instars, where separation was advanta-
geous. The result that crowding per-
formed smaller larvae, i1s in agreement
with those of Eid (1967), Lee et al
(1990), Srivastava et al (1997) and
Kariman (2000).

Concemning mortality, it could be de-
duced that conditions which lead to rela-
tively rapid development tended to keep
the mortality to a minumum. The least
mortality incidence was achieved by
rearing larvae in crowds till the fourth
instar then in separation in the fifth instar.

The results concerning larval weights,
were reflected on the weights of resulting
coccons. The least and highest average
cocoon weights applied to those of
crowds and separation in the fifth instar,
respectively. The silkk production was
found to have positive allometry in rela-
tion to body weight by Eid (1967}, Lee et
al (1990}, Talukder et al (1991), Alok
and Sahay (1997} and Kariman (2000).

This study must naturally lead to the
question of the significance of these
effects in raising the eriworm. Crowding
followed by spacing proved to be
behavioural performances with
demonstrable  biological significance
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which could be potentially fruitful for
achieving the most productive method for
raising eriworm. Such goal could be
approached by rearing larvae inintense
crowing in the first two instars, in
moderate crowding in the third and fourth
instars and in separation in the last instar
to gain the following : The least total
larval duration, the highest larval growth,
the least mortality incidence and the
highest silk production.
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