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Nutrition plays an important role in maintaining the
larval health, cocoon quality and reproductive poten-
tial in Antheraea mylitta D. Nutritional efficiency
greatly influenced if food is not adequate and of qual-
ity. A. mylitta silkworms were subjected to food depri-
vation for the period of 0 hr to 12 hrs /day to assess its
effect on various nutritional parameters and indices,
and its manifestation at different levels. Food ingesta,
digesta, gain in body weight declined significantly at
each level of deprivation, so also food utilization effi-
ciency like consumption index (CI), growth rate
(GR), approximate digestibility (AD), and efficiency
of conversion of ingested food (ECI). This stress leads
to decline in mean daily food ingesta by 16.73% to
39.76 % and digesta by 28.98% to 54.01% following a
significant reduction in average daily body weight
gain (27.68% to 55.09%). Food deprivation also
caused significant loss in the silk gland weight,
cocoon and shell weight (14.37% to 53.69 %), lowered
the fecundity (35.86% to 83.59%) and in number of
eggs laid per gram body weight, but simultaneously
the number of non-chorionated eggs increased signif-
icantly.
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Introduction

Decreased food abundance in nature prolongs develop-
ment, reduced metabolism and decreased reproduction
(Slama, 1964; Slansky, 1980; Grabstein and Scriber,
1982). The consumption and utilization of food constitute
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an absolutely essential thing for growth, development and
reproduction. The relative reproductive contribution to the
next generation resulted from food deprivation place the
insect in a position of inability to achieve and maintain the
ideal value (Slansky and Scriber, 1985). Food deprivation
leading into prolongation of larval period and decrease in
final weight, cocoon and shell weight and fecundity were
reported in many insects including sericigenous species
(McGinnis and Kasting, 1959; Bhanot and Kapil, 1973;
Muthukrishnan et al., 1978; Srivastava et al., 1982; Nath
et al., 1990).

In Antheraea mylitta Drury, a wild and polyphagous
sericigenous insect, studies have been carried out on
growth, development and food utilization and its effect on
adult characters as influenced by different host plants
(Rath, 2000; Rath er al., 2000) and on budget allocation of
food (Rath et al., 2003). Being wild, the insect is prone to
starvation in the nature frequently due to unavailability of
foliage in a host plant for different durations until it finds
a new host plant. It affects the survivability and growth of
the larvae, which ultimately affect the cocoon parameters
and reproduction. Quantitative approach in this aspect is
still unknown. Hence, it was intended to undertake the
study to assess the effect of starvation on nutritional effi-
ciency, silk production and reproductive capacity of A.
mylitta.

Materials and Methods

The 5th instar larvae of A. mylitta (Daba Bivoltine) (Lep-
idoptera: Saturniidae) were used for the experiment
because of the fact that 81 -83% of total food is con-
sumed during this instar alone (Rath et al., 2000) and any
change in the quantum of food ingestion will directly
influence the physiological potential of the insect includ-
ing silk production.

A. mylitta silkworms were picked immediately after 4th
moult and grouped into four groups each having 5 repli-
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cations of 50 worms each. Feeding treatment were
resumed immediately to group 1 (No deprivatio n =control)
while the other three groups were subjected to food dep-
rivation for 4 hrs, 8 hrs and 12 hrs every day. During feed-
ing sufficient fresh and pre-weighed Terminalia
tomentosa leaves were provided to the larvae twice a day
till the larvae attained maturity. Buffer stocks were main-
tained side by side for each group to compensate for mor-
tality. The larvae were allowed to spin cocoons outdoor
after the feeding stage. Before initiation of spinning 5
(five) larvae of each group were sacrificed to find out the
weight of silkgland. After spinning cocoon weight and
shell weight were recorded. The harvested cocoons were
kept separately till eclosion and observations on the fecun-
dity, eggs laid/g body weight of female moth and egg
chorionation were recorded.

All the data recorded were based on fresh weight basis.
The indices of growth, food consumption, digestion, and
conversion efficiencies are followed as per Waldbauer
(1968): growth rate (GR)=P/TA, consumption index
(C)=E/TA, approximate digestibility (AD%) =100
(E — F) / E, efficiency of conversion of ingested food (ECI
%) = 100 P/ E, efficiency of conversion of digested food
(ECD %) =100 P/ (E —F) (where, A = mean weight of
larva during the feeding period, E = weight of food eaten,
F = weight of faeces produced, P = weight gain of larva,
T = duration of feeding (days).

The data were analysed using one-way ANOVA test for
significance. Correlation of coefficient was also studied to
observe the relationship of different parameters to the
period of deprivation.

The above study was carried out at Lahunipara
(21.49°N, 85°E) during October —November, 1992 in the
prevailing environmental conditions (temp. 22 —-27°C and
RH 77-84%.

Results and Discussion

The results are depicted in Tables 1 to 4. All the param-
eters [except digesta (g) / growth (g), ECD, Qm] studied
had a direct relationship with the period of deprivation and
the significance level was very high (P<0.001).

The food ingested, assimilated and gains in body weight
were declined significantly following starvation whereas,
the feeding period (phagoperiod) was significantly
increased and these changes were directly correlated with
the period of deprivation (P <0.001). The feeding period
was 20.8 days in control group but it was extended to 22.8
days, 25.4 days and 26.8 days in 4 hrs/day, 8 hrs/day and
12 hrs/day of food deprivation groups respectively (Table
1). An extension in larval period was reported in many
insects including sericigenous species following food dep-
rivation (Madhavan and Muthukrishnan, 1976; Muth-
ukrishnan et al., 1978; Srivastava et al., 1982; Haniffa ez
al., 1988; Nath er al., 1990) corroborate our finding.
Extension larval period might be required by the insect to
fulfill the nutritional requirement so as to reach the intake
target to achieve the growth target and allocate the same
for various activities (Raubenheimer and Simpson, 1999).
The reference ratio (ingesta/excreta) reduced from 1.65
significantly to 1.51, 1.47 and 1.43 upon starvation for 4
hrs, 8 hrs and 12 hrs/day respectively, showing a negative
correlation with the period of deprivation. The reference
ratio is an indirect expression of absorption and assimi-
lation of food. Higher the reference ratio means greater
the rate of digestion and absorption of food in the gut. The
decline in reference ratio in the 5" instar larva of A.
mylitta is an indication that digestion and absorption are
affected following starvation (Table 1).

The daily ingesta and digesta per larva experienced a
significant decline so also daily average body weight gain.

Table 1. Effect of food deprivation on food ingestion, assimilation, gain in body weight and phagoperiod in A. mylitta during Sth

instar (Fresh weight basis)

Period of food Food Food Reference Gain in Growth Phagoperiod
deprivation Ingested assimilated ratio body weight efficiency (days)
(hrs/day) (2 (2) (Ingesta/excreta) (g) (%)
Control (no deprivation) 181.58 70.97 1.65 27.02 267.88 20.8
4 166.09 55.70 1.51 21.05 213.15 22.8
8 155.21 49.36 1.47 20.04 198.68 25.4
12 141.26 42.40 1.43 15.70 148.44 26.8
F * * * * % *
SEm + 3.15 2.79 0.04 0.86 6.85 0.58
CD at 5% 6.67 5.80 0.09 1.81 14.51 1.24
CDat 1% 8.12 7.21 0.10 2.21 17.68 1.51
r (df =18) 0.9556** 0.9135%* 0.9377** 0.9551** 0.9366%**

*Significant at 1% level and **Significant at 0.1% level.
Degree of freedom for one way ANOVA studies is 16.

0.7773%*
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The mean daily ingesta declined upon food deprivation by
16.73% (in 4 hrs/day), 30.16% (in 8 hrs/day) and 39.76%
(in 12 hrs/day), and the digesta declined by 28.98%,
43.58% and 54.01% respectively over control group
(Table 1). The percentage decline in average body weight
gain per day upon food deprivation was 27.68% (in 4 hrs/
day), 39.63% (in 8 hrs/day) and 55.09% (in 12 hrs/day).
Growth efficiency (GE%) in fed control was 267.88% but
it declined significantly upon food deprivation to 213.15%
(in 4 hrs/day), 198.68% (in & hrs/day) and 148.44% (in 12
hrs/day) (Table 1).

Changes in ingesta requirement for unit growth and for
gram cocoon shell were significantly higher in the starved
groups over fed controls. Digesta requirement for gram
cocoon shell was also found significantly higher for larvae
under food deprivation. Food deprivation leads to an
increase in ingesta value for producing one gram larval
weight during 5th instar by 14.97% (in 4 hrs/day), 15.11%
(in 8 hrs/day) and 34% (in 12 hrs/day), whereas, the digesta
value initially declined marginally by 1.56% (in 4 hrs/day)
and 6.31% (in 8 hrs/day) but subsequently increased by
3.2% in 12 hrs/day of food deprivation. Ingesta required to
produce one-gram cocoon shell increased following food
deprivation to the tune of 7.53%, 47.85% and 67% in 4 hrs/
day, 8 hrs/day and 12 hrs/day respectively. However, the
digesta requirement registered a marginal decline by 7.51%
in 4 hrs/day and then increased by 25.58% and 28.63% in 8
hrs/day and 12 hrs/day respectively (Table 2).
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The food utilization efficiency suffers a setback upon
starvation. The consumption index (CI), growth rate (GR),
approximate digestibility (AD%) and efficiency of con-
version of ingested food (ECI) declined significantly but
efficiency of conversion of digested food (ECD) and coef-
ficient of metabolism (Qm) did not. The CI declined from
0.37 t0 0.35 in 4 hrs/day, 0.31 in 8 hrs/day and 0.30 in 12
hrs/day of food deprivation. The values for growth rate
were 0.06, 0.05, 0.04 and 0.03 respectively (Table 3). The
decline in AD value due to short supply of food enable the
larva to convert the digested food. (i.e., ECD) more effi-
ciently (Slansky and Scriber, 1985). The same was prev-
alent in A. mylitta where comparatively higher ECD
(although non-significant) were recorded. The decline in
CI, GR, and AD% obtained in A. mylitta upon food dep-
rivation are in conformity with the findings in Prodenia
eredania (Soo Hoo and Fraenkel, 1966) and B. mori (Nath
et al., 1990).

Silk production and reproduction capacity too suffered
to a great extent following short supply of food. Signif-
icant declining trend prevails in silkgland weight, cocoon
and shell weight, fecundity and number of eggs laid per
gram body weight of female moth owing to food depri-
vation. The reduction percentage for silkgland weight was
10.82, 41.39 and 47.05, for shell weight in male 15.47%,
41.66% and 53.69%, in female 14.37%, 42.51% and
53.05% in 4 hrs/day, 8 hrs/day and 12 hrs/day respec-
tively. Fecundity was recorded to be reduced by 35.86%,

Table 2. Effect of food deprivation on mean daily food ingesta, digesta, ingesta/growth, digesta/growth, ingesta/cocoon shell and

digesta/cocoon shell in A. mylirta (Fresh weight basis)

Period of food deprivation (hrs/day) CD
P t F SE
arameters Control 4 8 12 " ose 1w "
(no deprivation)

Mean daily food ingesta 7.29 6.12 5.28 " -

(g/larva) 876 (-16.73%) (-30.16%) (-39.76%) 0.24 051 062 0.9606
Mean daily food digesta 245 1.94 1.58 " .

(g/larva) 344 (—28.98%) (-43.58%) (—54.01%) 0.7 037 045 0.9176
7.76 7.76 9.04 " -

Ingesta (g)/growth (g) 6.75 (+14.97%)  (+15.11%)  (+34.00%) 037 0.78 095 0.7968

. 2.59 2.46 2.71

Digesta (g)/growth (g) 2.63 (=1.56%) —6.31%) (+3.20%) NS 0.10 - - NS
. . 0.95 0.79 0.59 " -

Av. weight gain/day (g) 1.31 (27.70%)  (39.63%) (=55.09%) 0.06 013 0.16 0.9371

14 . .

Ingesta (g)/cocoon shell (g) 85.05 (+97' 5 ;%) (+1127§875“1%) (+16‘;?0(())3:%) * 4.09 9.06 10.56 0.9428%*
Digesta (g)/cocoon shell (g) 33.20 (_37%71}70) (+§51.'§§%) (+;§.‘6731%) * 260 550 6.70 0.6931**

Figure in parentheses indicate percentage change over fed control.
*Significant at 1% level and **Significant at 0.1% level.
Degree of freedom for one way ANOVA studies is 16.
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Table 3. Effect of food deprivation on food utilization efficiency in A. mylitta larva during 5% instar

Period of food deprivation (hrs/day) CD at
P t F SE
arameters ConFrol. 4 ] 12 m 59 1% r
(no deprivation)

Cl 0.37 0.35 0.31 0.30 * 0.011 0.02 0.08 0.8607%*
GR 0.06 0.05 0.039 0.03 * 0.002 0.004  0.01 0.9435%*
AD 39.10 33.60 31.81 30.02 " -
(%) (38.69) (3540)  (3430)  (33.22) L0021l 257 07879
ECI 14.92 13.60 12.92 11.10 " oo

(22.69) (21.63) (21.03) (19.43) 0.52 LI 135 0-8334
ECD 38.20 38.65 40.68 37.01 NS 087 i i 0.0452

(38.17) (38.45) (39.60) (37.59) ' NS
Qm 61.80 61.16 59.32 62.99 NS 0.84 ) i 0.0786

(51.83) (51.45) (50.35) (52.54) ' NS

Figures in parentheses are angular transformed values.
*Significant at 1% level and **Significant at 0.1% level.
Degree of freedom for one way ANOVA studies is 16.

Table 4. Effect of food deprivation on weight of silk gland, commercial characters of cocoon, fecundity and egg chorionation in A.

mylitta
Hrs of food Silk gland Cocoon weight (g) Shell weight (g) . N9. of eggs Dechorion-
deprivation/day  weight (2) Male Female Male Female Fecundity laid/ g body  ated egg
weight (nos.)
Control 2.44 12.66 18.06 1.98 2.30 251.0 40.46 438
(no deprivation)
4 2.18 10.81 13.96 1.67 1.97 161.0 32.12 31.0
(-10.82%) (-14.61%) (—22.72%) (-15.47%) (-14.37%) (-35.86%) (-20.64%) (+545.83%)
g 1.43 9.77 10.82 10.15 1.32 108.4 24.93 44.6
(—41.39%) (22.84%) (—40.12%) (—41.66%) (-42.51%) (-56.81%) (—38.40%) (+829.17%)
12 1.29 7.78 9.42 0.92 1.08 41.2 11.93 66.6
(-47.05%) (-38.54%) (-47.85%) (-53.69%) (-53.05%) (-83.59%) (-70.51%) (+1287.50%)
F * * * * * * * %
SEm 0.05 0.32 0.47 0.04 0..09 6.98 1.24 3.43
CD at 5% 0.10 0.68 1.00 0.07 0.19 16.30 224 7.28
CDat1% 0.13 0.83 1.22 0.09 0.24 18.03 3.21 8.87
r 0.9563**  0.9621**  0.9595**  (.9838**  (0.9529**  (0.9862**  (0.9772%%  (.9708%*

Figures in parentheses indicate percentage change over fed control.

*Significant at 1% level and **Significant at 0.1% level.
Degree of freedom for one way ANOVA studies is 16.

56.81% and 83.59% following starvation for the same
periods respectively. These findings showed that nutri-
tional stress beyond manageable limits can cause physi-
ological disturbances in budgeting, which were
manifested at different levels. Shell weight in B. mori also
declined following starvation (Radhakrishnan et al., 1885;
Haniffa et al., 1988; Nath et al., 1990). Reproductive
capacities of autogenous insects rely upon larval nutrition.
Delayed oviposition and reduced fecundity are the result-
ant of restricted feeding in insects. The fall in shell weight

and fecundity were supported by the earlier findings in
lepidopteran and other insects too (Bhanot and Kapil,
1973; Walker, 1976; Muthukrishnan et al., 1978; Slansky,
1980; Ives, 1981; Haniffa er al., 1988; Nath et al., 1990).
Egg chorionation was also suftered due to food depriva-
tion. Number of non-chorionated eggs increased signifi-
cantly upon food deprivation (Table 4). This might be due
to the fact that corpus allatum fails to produce hormone
for yolk deposition in the ovary following food depriva-
tion (De Wilde, 1964). It further strengthens the relation
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between nutrition, endocrine system and reproduction.

From the present study it is observed that food depri-
vation in A. mylitta affects ingestion of food and its diges-
tion and consequently retards growth and reproductive
potential. Because of starvation A. mylitta larvae could not
reach the intake target and hence fails to achieve the
growth target following which the efficiency of food uti-
lization declined and ultimately affects the shell weight
and fecundity of the insect. Hence it is urged that neces-
sary care should be taken during the rearing of the insect
so that the silk production can be increased with resto-
ration of reproductive capacity of the insect of economic
importance.
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