
5. DISCUSSION 

5.1. Comparative Phenology of two Generations 

5.1.1. Phenology of larvae, pupae and adults :-

The present investigation demonstrates that the ambient factors not 

only govern the growth and development pattern of wild A. mylitta, but also 

determine its morpho~enetic and behavioural criteria of the diapause and non

diapause generations. Pupal diapause in A.mylitta is an evolved character which 

enables the species to tide over the winter adversities including foliage scarcity, 
and which is only induced during the autumn months. This finding corroborates 

almost a similar situation in flesh flies (Fraenkel and Hsiao, 1968; Denlinger, 

1971). It is imperative from the observed data that a short daylength of < 1 2 

hrs in combination with a low temperature of < 18•C trigger the larvae in the 

field from ttlird in star onwards to orient progressively for the induction of diapause 

after pupation. This is reflected ih the larval developmental pattern; whereas 

those larvae experienced a long daylength of > 1 2 hrs with a temperature of 

> 20•c have been prevented from undergoing pupal diapause and continued a 

non-diapause development. In A.mylitta voltinism has been claimed to be 

governed by climatic condition of the altitude (Nayak and Dash, 1991) and it 

appears that photoperiodic response is strongly affected by the length of 

scotophase of short days, that decisively influences the diapause behaviour of 

this species. Diapause inducing effects of short days and the stages sensitive 

to photoperiod have also been demonstrated in many multivoltine insects 

(Danilevski, 1961; Saunders, 1976). It has been reported that the insects are 

able to discriminate between short and lonll__day regimes by their time 

measurement mechanisms and to store the photoperiodic information in the 

brain. This information is ultimately summated and the impact is transmitted to 

the hormonal system for deciding 1/)/hether the insect should enter diapause or 

not (Denlinger, 1985). This mechanism may also hold good for A.mylitta. 

In a number of insects the developmental rates have been found to 

differ under different daylengths (Beck, 1980) which influences the growth 

rates. Higher larval weights through longer feeding duration as well as slower 

RGR from third instar onwards have been recorded in the diapausing brood of 
A.mylitta under the influence of short daylength and low temperature. Low 
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range of temperature also enhances the duration of latent feeding period of 

fifth instar larvae of diapause-destined generation and thereby increases the 

quality indices of A.mylitta (Discussed in the next chapter). Tropical insects 

which experience seasonal temperature changes are thought to rely on 

temperature as a diapause regulating factor as in the case of flesh fly, Sarcophaga 
spilogaster in which diapause is induced and maintained by cool temperatures 

(Denlinger, 1974). Bivoltine brood of A.mylitta also exhibited similar strategies 

anct. the coincident timing of these strategies has led to speculation on the 

extent of their physiological, biochemical and evolutionary relationship (Pullin 

and Bale, 1989; Pullin et.al., 1991; Denlinger, 1991 ). 

Larval, pupal and cocoon weights and shell r.atio in diapause generation 

have been significantly increased due to higher amount of food consumption 

and consequently a higher energy storage covering the longer duration of 

larval life. However, the moth weight and fecundity have been significantly 

reduced. This has happened because the pupae have had to overcome the long 

diapause period at the cost of stored resources. The entire life span of this 

insect is significantly longer in diapause generation only due to extended larval 
and pupal durations. 

The progressively higher temperatures and longer daylengths from 
the spring onwards may serve to accelerate in A.mylitta the phases of diapause 

termination after 150 day of pupation. This is what is known as the end of 

diapause development (Danks, 1987). This adult development may have a 

relation with changes in the carbohydrates in the haemolymph, fat body and 

gonads (Chaudhuri eta/., 1993). A change in phosphate metabolism has also 

been reported in Pieris brassicae (Pullin, 1992) at the _end of diapause 

development. Ovarian growth index drastically changes onwards after 150 day 

of diapause development . Such progress in development is further confirmed 

from ~he present observation of retraction of wing and associated tracheae 
from the pupal cuticle. It is reported that availability of water promotes post
diapause development (Chippendale and Reddy, 1973). Emergence of moth 

of A. mylitta in diapausing brood commences on the first week of June with 

the advent of monsoon. There exists a close relationship between the date of 
first rain and emergence phenology of tasar mothrSinha and Chaudhuri, 1992). 
Thus, in A.my/itta natural environmental signals dictate its developmental fate 

and regulate the whole mechanism by which a somewhat synchrony in 
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emergence after the diapause is achieved among the pupae. Further, the 

appearance of suitable food for the ~stablishment of young larvae on host-tree 

which also reflushes with abundant leaves by this time after a long denudation 

period during the winter and spring months, also provides optimum life condition 

for this insect. 

5.1.2 GRAINAGE PERFORMANCE : 

The emergence rhythm, mating behaviour, oviposition, egg incubation 

period and hatching percentage are all intimately related to the ambient 

temperature and humidity. These factors also affect the phenology of other 

insects; (Messenger and Filters, 1959; King, 1975; Beck, 1980). Normal adult 

em~rgence of A.mylitta in first brood has taken place from the first week of 

June onwards after maintaining a prolonged diapause for about 6-7 months. 
The onset of monsoon almost from the first week of June has an impact on 

the concomitant emergence phenology of tasar moth. Such a correlation between 

the time of first monsoon rain and the phenology of the broods has also been 

recognized in other insects (Fewkes and Buxo, 1969 ; Evans and Buxo, 
1973). 

The adult eclosion rhythm almost exclusively from the late photo phase 

to the late scotophase in each brood resemble the similar behaviour of the 
Mediterranean flower moth, Anagasta kuhniclla (Beck, 1980). The time of 

emergence of an individual adult insect is determined by the temporal 

relationships among the underlying physiological rhythms which are again, 

governed by the environmental factors. This may be the reason for the males 

of tasar moth to emerge proportionately in greater frequency earlier during the 

quite prolonged emergence period than the females. Such protandry along with 

the greater numerosity of the males in the population do not fit the model for 

natural selection for optimum reproductive strategy for males as proposed by 

Wiklund and Fagrostrom (1977). However, it is not possible to explain at this 

position why the higher number of males occur and why the ~ale development 

is pre-cocious. 

The mating percentage decreases apparently with decreasing humidity 

and temperature and such variation in mating behaviour has been observed in 
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natural condition. It may be that A.my/itta has a c ritical temperatu re for mating 

in which ma le responds to female sex pheromone as in case of Chilo suppressalis 

(kann o, 1990). The periodicity of mating behaviour is controlled basically by 

the endogenous circadian rhythm which is further affected by exogenous factors 

such as temperature, daylength, humidity and -so on (Kanno, 1990) . This 

explanation on C.suppressa/is seems t o ho ld good for A .mylitta . 

Oviposition often shows ' a diurnal rhythm, strongly indicating that 

the re are gating processes which are controlled by the photoperiodic clock and 

mediat ed through the neuroendocrine system (Saunders, 1982); Page, 1 985; 

Truman, 1985). Present resu lts indicate that the temperature at which the 

maximum number of eggs are laid and the extent of the favourable temperature 

range for egg production are brood specific and depend on other climatic 

factors. Higher f ecundation in second brood demonstrates that the females 

produced in the combinat ion of thermophase and photophase during September

October were more fecund.This corroborates the similar argument by Ochieng

Odero ( 1 991). The f ema les begin oviposit ion short ly after mati ng and this 

cou ld be caused by either mechanica l or chemical stimul ation of the oviposition 

mechanisms. Stimu li associated w ith copulation and (or) insemination, might 

have accelerat ed oviposition significantl y (Gerber et a!., 1 991) . 

The shorter egg incubation period in the f irst brood might be due to 

adaptive inf luence of photoperiod and thermophotoperiod, although longer 

photo phase might lead t o a shorter deve lopment t ime (Philogene, 1982). 

Fluctuating temperatures have been associated w ith f aster development so 

long as the temperatures are w ithin t he optimal range of the species (Beck, 

1986). 

Being w ild the va riat ions in t he hatch ing of eggs of A .mylitta in the 

two broods are probably due to the sufferi ng from frequent f luctuation of 

ambient temperature and humidity. Such variat ions may also be influenced by 

the diapause and non-diapause state of the insect . 

Little informati on is ava ilab le regarding the sex ra tio of this species. 

However, sex rat io varies in each generation and does not reflect any impact 

to potentiate fecu ndity. The va riat ion may be under genetic contro l influenced 
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by external environmental stimuli.· 

Thus, it emerges that every brood of A.mylitta has the optimum 

range of temperature, from 23.08 to 25.59°C and r.h. 90A6% for the first 

brood while 25.14 to 27 .62°C temperature and 81 .89% r.h. for the second 

brood. Under these conditions the A.mylitta exhibits maximum adult emergence, 

mating, fecundity and hatching, though there may be a season specific variation. 

The whole phenomenon is obviously dictated by the environmental physiology 

of the insect.The grainage performance, on the whole, is relatively poor in the 

diapause generation than ,i_n the non-diapause generation. 

5.2 Timing of PTTH Release for Larval-Pupal Transformation Through Starvation 
and Neck Ligation: 

A.mylitta is an'ideal holometabolan silk producing wild insect. The 

present experimental race under the geographic location has two successive 

generations, non-diapausing and diapausing {Kapila et a/ ., 1992; Sinha and 

Chaudhuri, 1992). The ambient temperature, r.h., photoperiod (l:D) are different 

for the two generations, the non-diapausing generation (first brood) grows 

during August-September and the diapause-destined generation (second brood) 

during October-November. 

It is revealed that low rearing temperature and short photoperiod 

{day) coupled with moderate r.h. cause the prolongation of larval phagoperiod, 

hence, an increase in Lmw of the 5th stage larvae of diapause -destined 

generation. This observation in A.mylitta is quite consistent with that of Hagazi 
and Schopf { 1984) and Ochieng-Odero ( 1992) in other lepidopterans. lnspite of 

slower RGR, the longer latent feeding period contributes to higher Lmw and 

Pmw in diapause-destined brood. Ochieng-Odero {1990a, b) observed in 

Cnephasia jactatana that the pupal and adult weights are related to the length 
of latent feeding period, under longer latent period the author has recorded 

higher Lmw, Pmw and Amw. But in the bimodal generations of A.mylitta a 

different result has been obtained. lnspite of longer latent feeding period the 

Amw is lower in the diapause generation than in the non-diapause generation. 

Thus, the duration of latent feeding period may not be the exclusive and 

universal cause for Amw. The higher Lmw and Pmw of diapausing generation is 
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an essential requisite for storing a greater abundance of nutrients as the 

maintenance cost during the forthcoming adverse conditions over the longer 
period. The depletion of resources as maintenance cost has resulted in the 

relatively lower Amw and fecundity. 

The drastic fall of carbohydrate contents in the tissues after 150 day 

of pupal life justifies the critical phase for the initiation of diapause termination 

by way of the onset of relatively faster rate of adult development in A.mylitta 
(Chaudhuri eta/., 1993). The present observation on several parameters also 

justifies that diapause termination has already been initiated at or after 150 

day of pupal life. r 

Higher cocoon shell wt, SR% and relative silk conversion ability are 

the adaptive strategies. of this insect to protect the diapausing pupae from 

prolonged adversity. Again, the relative silk conversion ability is greater in the 

males than in the females of both the generations when calculated with relation 

to the larval wt. after gut . purging. This may be due to the greater resource· 

allocation by the female iarvae for egg production. Such sexual dimmorphic 

nature of Lew, Lmw, Pmw and Amw due to differential resource allocation in 
the two sexes has also been proposed by Ochieng-Odero (1990a) . Though Lew 

and Pew of the two sexes are different, the values are almost similar for the 
' same sex of the two generations. This explains that these two qualities of 

A.mylitta are independen-t of environmental factors, hence, are genetically 
determined. 

The Lew of A.mylitta may be used as a stable assessment standard 

in pupal and adult quality assessment as has been proposed for C.jactatana by 
Ochieng-Odero (1990a) and for Chilo parte/Ius also by Ochieng-Odero et.al. 
( 1994). The Lmw gradually decreases during the prepupal life to give the 

Pmw. Pupal wt. decreases further during the pupal life to give the adult wt. The 

rate of DP ( a constant of wt decrease from Lmw to Pmw) and DA( a constant 
of wt decrease from Lmw to Aw) for both the generations of A.mylitta are quite 

different. Lew thus, ensures that inspite of weight reduction in the subsequent 
developmental steps, a functional amount of resource is left for th.e perpetuation 
of the race. In the prevailing ecological system the biological performance has 
contributed well to the survival and reproduction of diapause-destined generation. 
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Results of starvation and classical neck ligation experiment show that 

in A.m)t/itta PTTH is released at least thrice during the l~rval-pupal transformation. 

The sequential timing of PTTH release is evident from the step-wise prodormal 

signs for pupation expressed in both the generations. The physiological 

significance of the gated PTTH release can be interpreted with relation to the 

steps of development.: The first release occurs on the day of attainment of Lew 

which may induce only the onset of wandering and gut purging. The second 

release occurring on the day after 5 hrs of complete gut purge contributes to 

the partial formation of pupal cuticle and later on causes larval pupal intermoult 

in a few cases. Finally, the third release possibly takes place on 2-3 days before 

pupation (during the prepupal stage) and induces only the larval-pupal ecdysis 

in most of the individuals. However, the expression of all the prodormal signs 

together with larval-pupal ecdysis are ultimately mediated directly by the action 

of ecdysone, since PTTH acts on .the prothoracic glands to release ecdysone 

(Bollenbacher and Granger, 1985 ; Riddiford, 1985; Smith, 1985 ; Gelman, 

1992 ; Thyagaraja et. a/., 1992). 

Moreover, it is revealed that the neck ligation after the attainment of 

Lew seriously interferred with the gut purging behaviour of this silk worm. The 

purging is delayed variably without showing apparent correlation with the time 

of ligation as observed iri Samia cynthia ricini by Fugishita and lshizaki (1982). 

In S.cynthia ricini the authors have reported that the endocrine events in the 

larval pupal development involve a two step process. The first secretion of 

PTTH and ecdysone ineuces the prodormal signs of pupation such as the 

heart exposure, pink pigment formation, gut purging and wandering while the 

second one induces pupal cuticle formation. Ligation experiments on Manduca 
sexta also yielded the similar result (Truman and Riddiford, 1974; Nijhout and 

Williams, 1974). Furthermore, the differences in the percentage of the animals 

that lost the anal pro leg mo_bility, formation of partial pupal cuticle and production 

of some larval-pupal intermoults have reasonably a relation with the time of 

ligation and the subsequent release of the PTTH in A. mylitta. 

It is pertinent to mention here that in B.mori 5 times PTTH release 

have been established (Shirai et.al., 1993) through direct in vitro assay of the 

hormones. The physiological significance of 5 PTTH releases in B.mori differs 

slightly with the 3-step release in A.mylitta based on starvation and ligation 

experiments only. 
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Thus, it emerges that attainment of Lew and thereafter expression 

of all the prodormal signs of pupation are intimately correlated with the 3 

sequential steps of the gated release of PTTH. The ambient thermo-photoperiodic 

regimes have a significant influence on it besides improving the overall quality 

of the tropical tasar silkworm, A.mylitta in non-diapausing and diapause-destined 

generations. 

5.3. Biochemical Status of Cholesterol, Protein, DNA and RNA in the 
Haemolymph, Fat body and Gonads of Prepupae, Pupae and Adults. 

5.3.1. Cholesterol·: 

The cholesterol contents of haemolymph, fat body and gonads of 

pre-pupae, pupae and adults of both the generations of A.mylitta exhibit almost 

the same pattern of fluctuation in both the sexes. The fluctuations implicate 

the variable physiological processes pertaining to the growth and morphogenesis 

of adult structures. The replenishment or depletion of cholesterol in haemolymph 

and fat body occur at different stages and in different tissues for their suitable 

functions and final expression as adult structures. In the pre-pupae the lowest 

level of cholesterol in the haemolymph and simultaneously considerable amount 

in the fat body is due to cessation of feeding and storage in the fat body. 

Immediately after pupation there is a remobilization of choles\!3rol from fat body 

to the haemolymph for initiating adult development. This is true for both the 

sexes and in both the generations of course, at different levels. It is reported 

that cholesterol requirements in phytophagous insects are satisfied from the 

ingested phytosterol (Downer, 1978; Rees, 1 985). The highest level of cholesterol 

in haemolymph and fat body has been attained around mid-pupal age i.e. on 

14th day in non-diapausing pupae and on 150th day of diapausing pupae. 

This is possibly due to the transformation of cholesterol from the unconverted 

food phytosterols and biosynthesis of cholesterol from the simple ingredient 

such as acetate in fat body as has been advocated in case of Bombyx miori and 

Philosamia ricini (Saito et.al, 1963; Pant and nautiyal, 1974). The sharp decline 
' in cholesterol content in the haemolymph and fat body in both the sexes from 

14 day and 1 50 day of· pupal development in non-diapause and diapause 

generations respectively upto the adu!t emergence is the positive indication of 
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increased and rapid utilization of cholesterol for meeting the developmental 

demands associated with the pupal - adult transformation. Because, sterols in 

insects are used as essential components of subcellular membrane, constituents 

of lipoprotein carrier molecules and surface wax of insect cuticles (Kerlson 

and Hoffmeister, 1963; Downer, 1978). 

In both the generations of A.mylitta there is a steady and gradual 

increase in cholesterol content of testis from pre-pupa to adult indicating the 

accumulation of the biomolecules for the development of various spermatogenic 

stages and for the production of ecdysteroids through the augmentation of 

haemolymph cholesterol. This is consistent with the findings of Loeb et.al. 
(1984) and Hurkadli eta/. (1989). 

In case of ovary, a similar gradual increas_t;l of cholesterol from pre

pupa to adult stage in both the generations also signifies the accumulation of 

cholesterol for ovarian maturation. Higher cholesterol in ovary is due to its 

higher demand in female for growth and maturation of eggs including hatching 

as it has been reported that feeding of cholesterol stimulates hatching of eggs 

(Monroe, 1959) and ovarian development (Robbins and Shortino, 1962). 

Results show that cholesterol level in different metabolically important 

tissues is meant for specific functions of reproduction and development in both 

the sexes. From this view point, the peak level of adult differentiation of A.mylitta 
takes place around the third week of pupal life of non-diapausing generation. In 

case of diapause generation the peak occurs after 150 day of pupal life. 

5.3.2 Protein : 

The total protein contents in the haemolymph of ,?oth the sexes of 

non-diapausing generation gradually decreases from pre-pupal to adult stage. 

The active tissue differentiation occurs during the pupal stages for pupal-adult 

metamorphosis. Hence, the reduction in plasma protein level during the pupal 

and adult stage is due to utilization of plasma proteins to the development of 

various organs particularly the gonads (Wyatt and Pan, 1978; Bradley, 1983; 

Fujii and Kawaguchi, 1983; Kim et.al., 1983). Further, higher plasma protein 

level in female may be due to the presence of additional proteins, such as 

female specific protein and/or vitellogenin whicnare lacking in male insect (lrie 
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and Yamashita, 1980; Ogawa and Tojo, 1981; Izumi et.al., 1981 ). Because of 

temporary held up or a very slow rate of adultaevelopment there is a fall of 

haemolymph protein of 40 day pupa of diapausing generation. A relatively higher 

level of protein content is attained after 1 05 day for rendering a slow rate of 

differentiation of adult organs during the remaining part of pupal life. Proteins 
are taken up from the ha~molymph and stored in the. fat body as has been 

obtained at the time of pupation in Pieris (Chippendale and Kilby, 1969) and 

Diatraea (Chippendale, 1970). 

In general, proteins are synthesized by the fat body and released into 

the haemolymph during the course of larval growth. At the onset of pupation 

some of the haemolymph proteins are sequestered back into the fat body and 

stored in large granules until metamorphosis at which they disappear (Chen, 

1985). The deposition of such protein granules in male and female fat body 

together with newly formed yolk precursor protein (Vitellogenin in female) possibly 

lead to the enhanced fat body protein content in both the sexes during the 

earJv pupal life of each generation of A.mylitta . However, the gradual decline in 

fat body protein content in the two sexes during the later part of pupal life and 

adult emergence in the two generations has been due to the increased utilization 

of proteins for the development and and maturation of gonads (Wyatt, 1980 

; Bradley, 1983) and morphogenesis of other adul~tissues (Walker, 1966 ; 
lshizaki, 1965). 

The gradual incremental rise in the protein content in both testis and 

ovary from pre-pupa to adult stage follows the same pattern of variation in the 

two generatioins and indicates the enhaFicement of spermatogenesis or 

spermiogenesis as has been reported in B.mori (Chaudhuri and Medda, 1986). 

In case of ovary the increased protein level is due to the transformation of 

female specific protein, vitellogenin from the fat body (Pan et.al. , 1969; Ono 

et.al., 1975; Wyatt, 1980; Bradley, 1983) and/or due to increased protein 

synthesis by the follicular cells of the growing ovary (Anderson and Telfer, 
1969; Bast and Telfer, 1976; Glass and Emmerich, 1981). The fat body and 

gonadal protein profiles also implicate that in the diapausing generation adult 

development is initiated around or after 1 05 day and the process is enhanced 
after 150 day of pupal life. 
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5.3.3 DNA: 

In the non-diapausing generation a little increase in DNA content of 

male and female fat body from pre-pupa to '0'-day pupa i.e. during larval-pupal 

transformation may be the result of DNA accumulation from the involuted silk 

gland and other larval tissues (Matsuura et.al., 1968). In the pupae and in the 

adults the DNA content in fat body declines steadily but slowly in correlation 

with the differentiation of adult structures .(Lang-et.a/., 1965). 

But in the diapausing generation because of a halt in the developmental 

activity and delay in the silk gland ihvolution, ttiere is no apparent changes in 

fat body DNA content during larval-pupal moult in both the sexes. Thereafter, 
the possible source of increase in DNA level during mid pupal period, with a 

peak on 150 day may be the histolysis of many of the larval tissues (Chinzei and 

Tojo, 1972) and/or may be the result of decrease in other cellular components 

(Wyatt, 1980). From the late pupae to the adult stage the decline in fat body 

DNA level is possibly due to the involvement of the biomolecule for pupal adult 

transformation (Brookes and Williams, 1965). 

The steady fall in DNA content in the testis and ovary during the later 

part of the life cycle preceded by a higher level at the early pupal age of non

diapause generation may be the result of accumulation 'of DNA originated from 

the histolysis of silk gland or other larval tissues during the early pupal period 

(Ctlinzei and Tojo, 1972) and subsequent utilization for active tissue differentiation 

in the late pupa for adult development. In the diapausing generation the ovarian 

DNA profile follows the similar pattern of variation as in the non-diapause 

state. Gradual increase in DNA content in this organ from pre-pupa to mid-pupal 

stage with peak on 150 day pupa is probably due to endo-polyploidy at early 

pupal life since there was possibly no cell division at this stage but subsequent 

decrease from late pupa to adult stage is either due to disintegration of follicular 

cells and nurse cells of ovary (Chinzei and Tojo, 1972) or huge accumulation of 
organic substances and thereby increase in organ weight or both (Chaudhuri 

and Medda, 1985a). But in the testes of diapausing generation the gradual 

increase in DNA content from pre-pupa to adult stage indicates the sperm 

formation or sperm maturation in the organ which is reflected in the concomitant 

increase in testis weight (Chaudhuri and Medda, 1986). 
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5.3.4 RNA: 

The gradual fall in RNA. level in the fat body from pre-pupal to adult 

stage of non-diapausing brood is· probably due to progressive low rate of synthetic 

activity in the fat body with the progress of organogenesis and/or rapid RNA 

degradation due to less demand for developmental raw materials. This result is 

quite consistent with the earlier studies (Faulkner and Bheemswar, 1960; 

Stevenson and Wyatt, 1962; Sass and Kovacs, 1974). But, in the diapausing 

insect the initial fall in RNA level of fat body from pre-pupa to early pupal age 

may be accounted for the utilization of RNA at a higher rate of pre-pupal 

turnover needed for larval-pupal moult. A further decline in fat body RNA upto 

the 40 day of pupal life indicates a deep state of diapause. Thereafter, increase 

in RNA content during mid-pupal age is supposed to be due to increased 

synthesis and/or decreased degradation while ttw""subsequent decrease in RNA 

level during late pupal stage and adult emergence may suggest more utilization 

of the bimolecules in fat body protein synthesis for organogenesis or vitellogenin 

synthesis (Stevenson and Wyatt, 1 962; Pan et.al., 1969 ; Chinzei and Tojo, 
1972). 

The increase in RNA content of male and female gonads in non
diapause and diapause generations of this species from pre-pupal to early pupal 

age suggests a higher rate of synthesis of the macromolecules in these organs, 

and also may be due to high RNA in follicular cells of ovary for yolk protein 

synthesis as in case of H. Cecropia (Pollock and Telfer, 1969). The reduction in 

RNA content from mid-pupa to adult emergence is perhaps due to either the 

disintegration of follicular cells and nurse cells of the ovary (Chinzei and Tojo, 

1972) or huge accumulation of organic substances and thereby increase in 

organ weight or both (Chaudhuri and Medda, 1985a). But in testes the changes 

in ~NA levels and the concomitant increase in testes weights may be the 

positive indications of enhanced rate of spermatogenesis or sperm ~aturation 
as in B.mori (Chaudhuri and Medda, 1986). The peak gonadal RNA on 105 day 
of pupa signifies the highest level of protein synthesis ·for gametogenesis. The 

fat body RNA reaches peak amount on 150 day a! pupal life and gradually 
declines in the adult. Thus, the pattern of RNA content in fat body and gonads 

suggests that gonadal development is initiated prior to 105 day and other adult 
organs between 105 and 150 day of pupa. 
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5.3.5 Weight of Gonads : 

The gradual increase in weight of testis and ovary in both the 

generations of A.mylitta from pre-pupa to adult stage suggests the accumulation 

and utilization of cholesterol, protein, DNA and RNA in these organs from other 

tissues for their maturation. 

In non-diapausing individuals the maturation of gonads takes place in 

about 20-25 days while in diapause-destined generation it is in about 200-220 

days of pupal life. This delay in maturation in diapause generation is because of 

slow rate of metabolism over the long pupal life. This is again, evident from the 

age-specific variations of cholesterol, protein, DNA and RNA of important tissues 

physiologically responsible for growth reproductive development and maturation. 

5.4 Effect of Vertebrate Insulin on the Termination of Pupal Diapause : 

The impact of vertebrate insulin in insects' life processes (Seecof 

and Dewhurst, 1974; M<?,.?na and Borigozzi, 1976; Davis and Shearns, 1977; 

Kramer, 1980, 1985 ; LeRoith et.al., 1981, 1988) has created a fascinating 

chapter in which the present experimental results provide interesting and 

fundamental informations on various developmental and metabolic changes in 

A.mylitta particularly in respect of the pupal diapause of this saturniid species. 

In the diapaus.ing generation the effect of insulin on several 

physiological and biochemical parameters was studied after injection of the 

hormone during pre-pupa, early pupa and late pupa stages of A.mylitta separately 

in relation to the physiology of pupal diapause of this species and as such the 

doses are different depending on the age of the insect. In case of diapausing 

pre-pupae and pupae insulin has exerted growth promoting effects by way of 

shortening the pupal life span by about 1 0 days particularly with 1 0 [lg dose 

leading to early moth emergence, increase in moth weight, ovarian weight and 

egg production in most of the cases possibly due to rapid stimulation of macro

molecular synthesis and cellular metabolism. Such induced growth effects are 

the clear indications of early diapause termination. The growth promoting 

activity of the peptides of insulin family in varying degrees has been reported in 
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Manduca sexta (Thorpe and Duve, 1988). Insect peptide hormones are involved· 

in the control of a wide range of physiological, biochemical and developmental 

functions including water balance, lipid and carbohydrate metabolism, muscle 

contraction, reproduction, growth and development (Steele, 1985). In Bombyx 
mori homology of prothoracicotropic hormone (PTTH), an insect neuropeptide 
with vertebrate insulin has been established (Nagasawa et.al., 1984, 1986; 

lshizaki and Suzuki, 1988; Kawakami et.al., 1990). Pupal diapause in insects 

occurs due to failure t.o release or supply of PTTH from the brain to pgls which 

in turn becomes inactive to produce ecdysone necessary for growth and 

metamorphosis in insect. Analysis of the titers of PTTH in the brains of diapausing 

Antheraea suggests that the arrest of development in this species probably 

occurs at the level of release since the levels of PTTH in short day brains 

remained high during diapause (Bollenbacher and Granger, 1985). So, there is 

reason to believe that the secretion of PTTH is inhibited during pupal diapause 

of A.mylitta and it is worthwhile to state that the exogenous insulin possibly 

induces an action mimicing that of PTTH in the diapausing insect leading to the 

termination of pupal diapause in this species. The profile of cholesterol, protein, 

DNA and RNA content in different tissues obtained after insulin application also 

afirms this relatively earlier termination of diapause by insulin. The growth 

stimulating effects of vertebrate insulin in B.mori (Magdum ~and Hooli, 1989) 

and in other insects (Kramer, 1985) and even in protozoans (Lawrence, 1991) 

have been established. It seems that in A.mylitta the exogenous insulin may 

either Induces the inactiv"ated brain-prothoracic gland complex or directly triggers 

the target tissues showing suppressed metabolic rate during pupal diapause in 

insect (Beck, 1980; Denlinger, 1985) resulting in diapause termination. It is of 

particular interest that \nsulin alone can cause increase in body weight, 

shortening of the adult emergence period by least ten days and increased 

number of egg production for which several endogenous insect hormone are 

required. The precise localization of these hormones is unknown although Thorpe 

and Duve (1984) and Tager et.al. (1976) suggested that these·hromones might 

be located in median nel!rosecretary cells and in Lepidoptera in the corpora 
cardiaca/corpora allata complex. However, the mode of action of insulin in 
A.mylitta needs further elucidation whether it acts directly to the target organ 
or through neuroendocrine systems of the insect. 
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5.5 Effect of Exogenous 20-hydroxyecdysone on the Termination of Pupal 

diapause. 

The initiation of adult development takes place in the diapausing 

pupae of A.mylitta around 150 days (Chap. 4.1 and 5.1). Biochemical and 

other evidences also provide clue that this initiation results from the resumption 

of PTTH release at slow pulses during this period, the action is translated through 

the synthesis and release of MH from the pgls. 

The present results demonstrate that exogenous 20-HE plays a major 

role in the reproductive development in addition to its regulation of diapause 

physiology in the diapausing pupae of A.mylitta. The efficacy of exogenous 
ecdysteroids in terminating pupal diapause has been well documented in several 

lepidopteran species and also in other insect orders (Frankel and Hsiao, 1968; 

Baird, 1972; Ohtaki and Takahashi, 1972; Sieber and Benz, 1980). A range of 
developmental responses has been elicited in these studies in a dose-dependent 

manner. It has also been elaborately reported in the diapausing puape of the 
saturaiid Samia cynthia that a small dose of 20-HE is sufficient for retraction 

of wing epidermis but not'for further development; intermediate doses help to 

develop a normal adult and in response to a very high dose the early phase of 

metamorphosis proceeds so rapidly that the sequence of events· normally 

requiring 11 days is reduced to 4 days in this insect (Williams, 1968; Waldabauer 

et a/., 1 978). A dose-dependent relationship as observed for almost all the 

parameters in the present investigation on A.mylitta corroborates an almost 

identical physiological mechanism occurring in other saturniids. Further, range 

of responded doses of exogenous 20-HE varies from species to species (Bodnaryk, 

1975; Zdarek and Denlinger, 1975; Meola and Adkisson, 1977 ; Bradfield and 

Denlinger, 1980; Browning 1981). Excessive amount of ecdysteroid breaks 

diapause immediately but produce morphological derangements in some insects 

(Denlinger, 1985) which too corroborates the present findings of pupal and 

adult abnormalities. 

Involvement of ecdysteroids in the control of reproduction appears to 

be a primary function of ecdysteroids whereas the control of moulting may be a 

secondary one (Hagedorn, 1989; 1990) .This idea is also corroborative for the 

increased ovarian weight and proteln concentrations using 2-1 O).lg of 20-HE/ 

individual closely associated with greater fecundity. There is evidence that 
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exogenous ecdysone or 20-HE stimufates protein synthesis and increases oxygen 

consumption in insect tisSUf!S along with fat body growth (Behrens and Hoffmann, 

1982). Furthermore, ecdysone- induces both in vivo and in vitro protein synthesis 

in several species of insects (Neufeld et.a/., 1968; Arking and Shaaya, 1969; 

Sahota and Mansingh, 1970 ; Thomson et.al., 1971). It is suggestive that 20-

HE not only induces protein synthesis in A.mylitta but also induces Oogenesis 

process during ovarian development as in the treated groups the ovarian 

maturation appeared to occur before 150 day of pupal development: It has been 

reported that growth and differentiation of new ovarian follicles and meiosis in 

the primary Ooocytes are induced by this hormone in some insects (Loeb et.al., 
1984; Hagedorn, 1985; Lafont, 1 991 ). Reports are also available that ecdysone 

promotes the development of eggs with the capacity of developing to the imaginal 

sta.~e and addition of ecdysone rapidly induced egg maturation and follicle 

formation (Hardie and Lees, 1985). Elevated protein content in the ovary on 

150 day of diapausing pupae of A.mylitta treated with this hormone may be due 

to an induced effect of the exogenous hromone on vitellog~nin synthesis by 

the fat body which in turn, has uptaken in the ovary _during vitellogenesis. It is 

generally believed that ecdysteroid is essential for vitellogenin synthesis and 
evidences suggest that the ovarian ecdysteroids are thought to control 

vitellogenin production in the fat body (Goltzene eta/., 1978; Hoffmann eta/., 
1980; Hagedorn, 1981). Increased rate of egg hatching in A.mylitta apparently 
reflects the_involvement of 20-HE in embryogenesis. Such involvement may be 

only circumstantial (Hagedorn, 1 985). 

Many lepidopteran species discontinue spermatogenesis during larval 

and pupal diapause (Cloutier and Beck, 1963; Chippendale and Alexander, 

1973). Though the detail state of spermatogenesis is unknown during the 

diapause of A.mylitta, the process may remain in a halt and is resumed after 

being induced by 20-HE. Such a resumption is indirectly evident from the weight, 

morphology and protein content of testes on 150 day of pupal development. 

The fact that exogenous ecdysteroids cause renewal of in vitro spermatogenesis 

in intact testes explanted from diapausing Iepidoptera h_?S been repeatedly 

confirmed (Yagi eta/.; 1969; Friedlander, 1989). Further, 20-HE is necessary 
for maximum spermatocytic division and resumption of sperm development after 

diapause (Dumser, 19801 and also determining the developmental morphology 
of testis and genital tract of other lepidopterans (Nowack, 1972 ; 1973). 
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Activation of brain for releasing PTTH is a pre-requisite for initiation 

of adult development. It appears that the external signal input in brain regulates 

the secretion of PTTH, the key factors for controlling the pupal diapause. 

Among the signal input systems some aminergic-neurones in the brain may play 

a key role for transmitting the "off" and "on" signals to PTTH secretory cells in 

the brain (Evans, 1980; Orchard, 1982; 1984). Recently, it has been established 

that biogenic amines are particularly 1mplicated to the response to photoperiodic 

variations and consequei")!IY on the regulation of development especially in 

diapause induction and termination (Puiroux eta/., 1990; Fields and Woodring, 

1991). Furthermore, the biogenic amines control energy metabolism _in insects 

and acts as releasing factors of other brain hormones (Rauschenbach et.al., 

1993). 

Regarding the mode of action of exogenous 20-HE in terminating 

pupal diapause of A.mylitta it may be assumed that either the target tissues are 

directly stimulated by this hormone (Zdarek and Denlinger, 1975) or the hormone 

exerts a stimulatory effect on the pupal brain in an unknown way (Denlinger, 

1985). There is also possibility that biogenic a mines which are involved in the 

diapause regulatory mechanism might be stimulated by 20-HE. However, the 

mode of action of this exogenous hormone on the target tissues awaits further 

investigation and clarification. 


