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The Larval critical weight is the minimal mass at

which further growth in not necessary for a normal

time course to pupation. Larval critical weight (Lcw),

pupal critical weight (Pcw) and adult critical weight

(Acw) of different breeds of Bombyx mori L. were

determined through starvation (food deprivation). The

Lcw was found to be about 938.46, 2397.26, 2283.57

and 2220.97 mg in males and 1118.15, 2681.04, 2604.9

and 2455.88 mg in females of the multivoltine breed

(Nistari), Bivoltine breeds (P5 & NB18) and their

hybrid (P5 NB18) respectively. Bivoltine breed P5

took more time (3.35 days) followed by NB18 (3.13

days) & P5 NB18 (3.02 days) to attain larval critical

weight (In 5th Instar) than the multivoltine breed Nis-

tari (2.42 days). Decrease in weight from larval max-

imal weight to pupal weight and to adult weight was

also observed more in multivoltine than bivoltines,

which may be due to more latent feeding period in

bivoltines. Since Lcw is a stable character and inde-

pendent of environment , it could be utilized for char-

acterization of silkworm breeds to assess the quality of

an insect.

Key words: Larval critical weight, Larval maximal

weight, Silkworm, Latent feeding period.

Introduction

Larval critical weight is “The minimal weight for pupa-

tion” which allows for “production of a functional adult”

(Slanasky and Scriber, 1985). It is the threshold weight

above which normal processes of pupation (wandering,

spinning, lightening of colour of the integument) are ini-

tiated (Ochieng’-Odero, 1990a). The Larval critical

weight is the trigger for the release of corpora allata, an

inhibiting factor which stops the secretion of Juvenile hor-

mone (Nijhout, 1975; Williams, 1975; Bhaskaran et al.,

1980; Gilbert et al., 1980; Safranck and Williams, 1980,

1984; Jones et al., 1981) and is dependent on body size

(Davidowitz et al., 2003). Larval critical weight is impor-

tant as it ensures that regardless of different growth rates

for different larvae, pupation occurs only when final instar

larvae have reached the “required” size – means able to

produce a pupa that will emerge to give a functional adult

which able to survive and reproduce (Ochieng’-Odero,

1990a). He also reported that larval critical weight - the

unchangeable biological parameter is a new strategy for

quality assessment in insects. However, no reports have

been available on determination of critical weight in Bom-

byx mori L. and its relation with quality indices. So, the

present investigation is an attempt to determine the larval

critical weight of silkworm, Bombyx mori L and which

could be used as a basis for the development of quality

indices.

Material and Methods

One multivoltine (Nistari), two bivoltine breeds (P5 and

NB18) and one bivoltine hybrid (P5×NB18) were used

for this experiment. The study was conducted at Central

Sericultural Research and Training Institute, Berhampore,

West Bengal, India for consecutive two years.

After fourth moult, 2000 larvae of fifth instars of each

breeds /hybrid were used for this experiment. 200 larvae
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from each breed/ hybrid were sacrificed every day from

the first day of V instar to spinning of cocoon. During the

study, the body weight of the larva, larval duration, tem-

perature and relative humidity were also noted. The crit-

ical weight was determined of each breed/hybrid when

50% of the total worms were able to form cocoon and

subsequently transformed into pupa and adult. The exper-

imental observations were recorded for four seasons i.e.

February- March, May- June, September- October and

November- December for two years. 

Larval critical weight (Lcw), larval maximum weight

(Lmw), latent feeding period, pupal critical weight (Pcw)

and adult critical weight (Acw) were determined from

starvation experiment following the procedure of

Ochieng’-Odero (1990a, 1990b). Lcw was regarded as the

weight at which 50% of the silkworms were capable to

pupate thereby producing functional adults. Pcw and Acw

were calculated as follows:

Pcw = Lcw− (Lcw×Dp) and

Acw = Lcw− (Lcw×Da)

Where, Dp = Constant weight decrease from Lmw to

Pw (Pupal weight) and Da = Constant weight decrease

from Lmw to Aw (Adult weight)

Pcw and Acw are useful as descriptive indices of insect

quality for both male and female insects. If the Lcw for a

population of insects is taken to be that of medium sized

members, quality indices can be derived as 

Pupal quality index=Pupal weight /Pupal critical weight

Adult quality index=Adult weight /Adult critical weight

Thus, where the mean pupal or adult weight for the pop-

ulation is equal to critical weights of the medium sized

member, the indices would be 1. As the weights increase

above the critical weights, the indices would climb to

above 1, representing an increase in quality.

Body weights were recorded from freshly hatched lar-

vae to till attainment of adult stage of the insect. Weights

were also recorded on hatching and before and after

moulting in each instar. Accordingly, initial weight and

final weight were obtained. Male and female larvae were

separated phenotypically immediately resumed from 4th

moult and their weights were recorded till it transformed

to adult stage.

Results

Determination of critical weight of larva, pupa and

adult of silkworm, B. mori

a) Larval starvation and subsequent biological perfor-

mance:

Starvation stress was applied to the silkworm B. mori dur-

ing 5th larval instar from ‘0’ day onwards (6 h interval) to

determine the critical weight of different breeds/hybrid. In

general biological performances are related to time

required to attain critical weight, maximum weight, latent

feeding period, etc. Larval critical weight was attained on

the day during 5th larval stage when at least 50% of the

larvae were able to produce functional adults (Fig 1).

Results demonstrated in Table 1 revealed that bivoltine

breed P5 took more time (3.34 days) to attain larval crit-

ical weight (Lcw) followed by NB18 (3.13 days) and

hybrid P5×NB18 (3.02 days). However the multivoltine

breed Nistari took only 2.42 days to attain Lcw. It is also

interesting to note that, there is a clear difference between

the male and female to attain the larval critical weight. In

all the cases female took more time to attain the Lcw com-

pare to its male counter parts, the bivoltine hybrid (P5

×NB18) was also followed the same pattern (Table 1).

Bivoltine breeds and hybrid took more time both in male

and female to attain the Lcw compare to multivoltine

breed.

Latent feeding period i.e. the feeding duration between

the time required to attain the larval maximum weight

(Lmw) and Lcw was found to be maximum in bivoltine

hybrid P5×NB18, (4.11 days) followed by NB18

(3.90 days), P5 (3.77 days) and Nistari (3.40 days). 

Bivoltine breed P5 required more time (7.11 days) to

attain larval maximum weight (Lmw) followed by NB18

(7.03 days), P5×NB18 (6.97 days) and Nistari (5.82 days)

(Table 1). A sharp sexual dimorphism was observed when

Fig. 1. Cocoons of multivoltine and bivoltine breeds / hybrid

of silkworm B. mori after attaining larval critical weight. A,

Multivoltine breed, Nistari; B, Bivoltine breed, NB18; C,

Bivoltine breed, P5; D, Bivoltine hybrid, P5×NB18.

1. 3D means day of attainment of critical weight. 

2. 4D means 24 h after attainment of critical weight.

3. 5D means 48 h after attainment of critical weight. 

4. 6D means 72 h after attainment of critical weight
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all the parameters related to above were considered with

very few exceptions.

b) Determination of larval, pupal and adult critical weight:

Larval critical weight (Lcw), pupal critical weight (Pcw)

and adult critical weight (Acw) were determined through

the starvation (food deprivation) experiment following the

procedure of Ochieng’ - Odero (1990a, 1990b). Larval

maximum weight (Lmw), pupal weight (Pw) and adult

weight (Aw) together with the constant decrease in weight

from Lmw to Pw and Aw were also determined. The con-

stant decrease in weight in case of pupa from Lmw to Pw

marked as Dp and for adult, it is considered as Da. Results

are presented in Table 2 showed that these characters were

remained unchanged, irrespective of seasons but racial

and sexual differences were found to be very much prom-

inent (in these breeds and hybrid.) 

Lmw, Pw & Aw are influenced by climatological factors

and thus, these characters differed season wise and sex

specific difference was also noticed. A minimum larval,

pupal and adult critical weight together with Dp and Da

were recorded in multivoltine breed Nistari in both the

Table 1. Span of different functional components during 5th instar larval life of three silkworm breeds and one hybrid of

B. mori L

Breed/

Hybrid
Seasons

 Time required to attain larval

critical  weight (days)

Latent feeding period

(days)

 Time required to attain larval

 maximum weight (days)

Male Female Mean Male Female Mean Male Female Mean

Nistari

Feb-Mar 2.00 2.16 2.08 3.50 4.09 3.80 5.50 6.25 5.88 

May-June 2.75 2.75 2.75 2.25 3.00 2.63 5.00 5.75 5.38 

Sep-Oct 2.75 2.75 2.75 2.50 3.25 2.88 5.25 6.00 5.63 

Nov-Dec 2.00 2.16 2.08 4.00 4.59 4.30 6.00 6.75 6.38 

NB18

Feb-Mar 2.75 3.00 2.88 4.25 4.80 4.53 7.00 7.80 7.40 

May-June 3.50 3.75 3.63 2.50 2.90 2.70 6.00 6.65 6.33 

Sep-Oct 3.00 3.25 3.13 3.25 3.50 3.38 6.25 6.75 6.50 

Nov-Dec 2.75 3.00 2.88 5.00 5.00 5.00 7.75 8.00 7.88 

P5

Feb-Mar 3.00 3.50 3.25 4.00 4.10 4.05 7.00 7.60 7.30 

May-June 3.25 4.00 3.63 2.50 2.50 2.50 5.75 6.50 6.13 

Sep-Oct 3.00 2.75 2.88 3.50 4.25 3.88 6.50 7.00 6.75 

Nov-Dec 3.75 3.50 3.63 4.25 5.00 4.63 8.00 8.50 8.25 

P5×NB18

Feb-Mar 2.75 3.00 2.88 4.00 4.25 4.13 6.75 7.25 7.00 

May-June 2.75 2.50 2.63 3.00 3.90 3.45 5.75 6.40 6.08 

Sep-Oct 2.50 2.50 2.50 3.75 4.25 4.00 6.25 6.75 6.50 

Nov-Dec 3.50 3.50 3.50 4.50 5.10 4.80 8.00 8.60 8.30 

Table 2. Determination of critical weight (mg) and quality indices of different developmental stages of three silkworm

breeds and one hybrid of B. moriL. Values are presented in mean±SE.

Breed /

Hybrid
Sex

Lcw

(mg)

Lmw

(mg)

Pcw

(mg)

Acw

(mg)

Pw

(mg)

Aw

(mg)
Dp Da

Nistari
Male 938.46±2.06 1892.03±162.04 318.61±3.78 165.99±1.55 638.35±49.69 333.50±28.03 0.66±0.00 0.82±0.00

Female 1118.15±6.44 2104.45±126.41 472.17±4.74 319.86±4 .91 882.10±58.58 594.93±30.05 0.58±0.00 0.72±0.00

NB18
Male 2283.57±11.73 3522.99±184.45 659.53±6.07 309.75±4.75 1010.93±50.21 475.82±29.55 0.71±0.00 0.87±0.00

Female 2604.9±8.73 3795.63±212.75 792.61±9.55 549.39±11.16 1163.10±74.97 798.25±28.06 0.69±0.00 0.79±0.00

P5
Male 2397.26±8.17 3624.67±66.04 652.20±11.25 331.24±3.95 983.33±31.67 499.42±14.90 0.73±0.00 0.86±0.00

Female 2681.04±6.75 3993.15±102.85 761.28±8.04 627.26±7.47 1137.93±40.00 936.98±29.26 0.72±0.00 0.77±0.00

P5× 

NB18

Male 2220.97±8.13 3836.32±117.83 601.18±13.69 316.65±2.94 1034.8±51.10 543.95±17.05 0.73±0.01 0.86±0.00

Female 2455.88±9.28 4147.27±198.01 768.59±7.76 606.64±4.52 1315.45±77.68 1019.94±46.47 0.68±0.01 0.75±0.00

Lcw: Larval critical weight; Lmw: Larval mature weight; Pcw: Pupal critical weight

Acw: Adult critical weight; Pw : Pupal weight; Aw: Adult weight

Dp: Weight decrease from Lmw to Pw; Da: Weight decrease from Lmw to Aw.
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sexes compared to the bivoltine breeds and hybrid (Fig. 2

and Table 2).

Among bivoltine breeds, P5 had the maximum Lcw,

and Acw followed by NB18 and P5×NB18. No such dif-

ference was observed in case of Pcw among the bivolt-

ines. Decrease in weight from Lmw to pupa (Dp) and

adult (Da) was found to be more in male insects for all the

breeds. Among the bivoltines, Dp and Da were found to

be highest in NB18 followed by P5 and the hybrid, (P5×

NB18). More Dp or Da ensures the less pupal or adult

weight when it is compared between sex / seasons. But

when comparing among the breeds, this pattern was not

followed as because it is breed specific. The critical

weights (Lcw, Pcw & Acw) are very much breed / sex

specific, but independent to environment.

Discussion 

Larval critical weight is the threshold weight above which

normal processes of pupation are initiated (Ochieng’-

Odero, 1990a). Once a particular minimum weight was

reached, the neuro-hormonal decision was made that

eventually resulted in pupation. However, there was a

time lag between the decision and the cessation of feeding

prior to pupation, as the necessary hormonal changes

occurred (Nijhout, 1975). The existence of a larval critical

weight (Lcw) had been established in different insect spe-

cies (Nijhout, 1975, 1979, 1981; Nijhout and Williams,

1974a, 1974b; Woodring 1983; Slansky and Scriber,

1985). Here we report first time in existence of larval crit-

ical weight in silkworm, B.mori L.

It was found that the silkworm larvae reared during

favourable environmental condition with good quality of

mulberry leaves and adequate quantity, the larva would

exceed its minimal weight and reach its ideal (optimal)

weight. But if the larva consumed all of its food prior to

reaching its ideal weight (but after it has reached its min-

imal weight), it will be able to pupate, but at a weight that

was below its ideal weight. Although pupal development

and adult emergence will be successful, the fitness of the

resulting adult would probably be lowered due to its

smaller size (than its ideal size). But atleast the larva had

produced an adult that could presumably make some

reproductive contribution to the next generation. The

alternative (i.e. not pupating at all the starving to death)

would result in zero fitness. So the minimal weight. i.e.,

critical weight for pupation was the weight that would

allow the production of functional adult.

The period between day of attainment of 5th instar and

achievement of Lcw is called the pre-Lcw period. In

bivoltine breeds, the duration (obligatory feeding period)

was more (3.12 days) compared to multivoltine races

(2.42 days). Generally multivoltine has shorter larval

duration and differs from bivoltine in many aspects. So

this difference is expected. 

Marked difference in Lcw was observed between mul-

tivoltine and bivoltine and also among two bivoltines (P5

and NB18). But no remarkable change was observed in

Lcw in same breed even though they are reared in variable

environmental conditions . Since Lcw was size dependent

(Jones et al., 1981; Nijhout 1981 and Ochieng’ – Odero,

1991), smaller larvae (multivoltine) have lower critical

weight and pupate at lower weights. That is the reason for

differences observed between multivoltine and bivoltine. 

So, this study proves that Lcw in silkworm, B.mori is a

stable character regardless of the variable ambient envi-

ronmental conditions reared. This is accordance with the

findigs of Ochieng’- Odero, (1992, 1994) in other insects.

It was also observed that larvae having below the critical

weight could not pupate and transformed into adult. This

finding confirmed the prediction of Slansky and Scriber

(1985); Ochieng’-Odero(1990a).

The period between day 0 of 5th instar and to attain

Lmw is considered as pre- Lmw period, which is the

active feeding phase. The latent feeding period was the

time spent from attaining critical weight until the secre-

tion of Prothoracicotropic hormone (PTTH) (Nijhout and

Williams, 1974a). The latent feeding period had been con-

sidered as an invariable stages between the initiation of

decay of the juvenile hormone after attaining larval

weight and the onset of the secretion of PTTH (Ochieng’-

Odero, 1990a) that is, in effect, the period the juvenile

hormone took to decay (Gilbert et al., 1980; Bollenbacher

and Granger, 1985). Temperature effects were probably

more complex, affecting the rate of juvenile hormone

secretion and catabolism. In Bombyx mori an increase in

temperature (summer rearing) may enhance juvenile hor-

mone catabolism and thus shorten the duration of latent

Fig. 2. Larval critical weight (mg) in different silkworm breeds

and hybrid of B. mori.
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feeding period. Lower temperature (winter rearing) may

decrease the catabolic efficiency of juvenile hormone

esterase, and hence, prolonged the latent feeding period.

This hypothesis was consistent with that of Sweeney and

Vannote (1981) who produced empirical evidence to

explain the interaction of temperature with developmental

process and physiology in the determination of size and

fecundity of six co-existing mayflies of the genus

Ephemerella.

It was also found that bivoltine breeds showed more

latent feeding duration (the period between attainment of

Lcw and Lmw) compared to multivoltine (Table 1). The

hormonal effects were responsible for diapausing (bivol-

tine) and non-diapausing (multivoltine) breed in silk-

worm. The results indicated that developmental process of

the final instar larvae of Bombyx mori was under the con-

trol of environment (i.e. photic and thermal conditions).

Similar findings was observed in C. jactatana by Oche-

ing’- Odero, (1991). It was suggested that thermo- pho-

toperiodic stimulation of feeding and growth were cause

by neuro-endocrine sequence that probably affected the

gated release of PTTH. Photic and thermal conditions had

an effect on the adult reproductive performances and most

likely on the overall quality. 

There was a gradual decrease of weight from Lmw to

pupa during the pre-pupal period. Weight decreases fur-

ther during the pupal period to give the adult weight. Lcw,

therefore, may be regarded as a mechanism to ensure that

the subsequent steps in decrease in weight were crossed to

leave a functional adult. The sexual dimorphic nature in

Lcw, Lmw pupal and adult weights were probably due to

different requirements for reproduction.

It was observed that cumulative effects of Lcw, Pcw,

Acw, duration of the obligatory and latent feeding periods,

etc. were responsible for quality indices and biological

performances in Bombyx mori L. These findings are con-

sistent with the observation made by Kester & Smith

(1984) and Slansky & Scriber (1985).

Thus, the larval critical weight (Lcw) is not dependent

on diet quality; temperature and photoperiod and it could

be used as biological marker in characterization of silk-

worm, which is interacted with variable environmental

conditions. It can also be used as stable standard for

assessment of pupal and adult quality (Ochieng’-Odero,

1990b).
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