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6 : DISCUSSJON 

I. FAUNISTIC STUDY 

a . Terrestrial fern species and associated 

entomofauna : 

0 

Ind ia i s endowed with a great dive rsity of 

climate, varied flo ra a nd its dependent fa una. The 

Himalayan ranges and the i .r footh i l l areas of the Indian 

subcontinent are one of the imporeant centres of plant 

a nd animal diversity a nd richness . The p resent study 

highlights the aspects of divers ity of the fern f l ora 

and its a ssocia ted entomofauna d e limited to the Da r j eeling 

plains, also known as Terai of Eastern Himalaya. 

In India the first comp r e hensive account of 

ecology and d istribution of pte ridophytes of Darjeeling 

and Sikkim Himalayas was f urnished by Meh~ and Bir 

(1 964) . Subsequently Bir (1987} a l so provided a list 

of fern species of Eastern Himal ayas that incl ude endemic 

as well as exotic elements. However, no ready account 

wa s ava ilable from the p l ain of Darjeeling . The present 

study reveal s not only a fl ori stic account o f the 

t errest rial fern s for t he fir s t time , but also a 

frequency of the species occurr ing in the patches 

th~t a r e f ound s pa r sed i n the area of study. The freque nt 

occ urrence of D. escule ntum and f. crinipes indicated 
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a s p ec ia l adapt i b i lit y of t he se ferns in this 

agroclimatic reqion. 

0 

Insect - h ost p l a nt re l ationships i n a geographic 

r ange is d e pendent o n thr g r owth for 'Tl and apparency 

of t h e pl a nts bes ides many oth e r facto r s . Ins u ff i cient 

i nformation is a va ilab l e to q uantify the rel ationship 

of f e rns and their dependent e ntomofauna esp ecia l ly 

from India. Ottosson and Anders o n (1983 b ) demo nstrated 

that fe rns are ~ctacked by a bout ha l f the number of 

i nsects attacki ng other angiospe rms of comparabl e 

apparency. A subsequent r eport indicated that about 

25 native fern spe cies of Ice land had n o insect 

herbivores. Such a study implie s that fern s d espite 

all the c ont ributa ry characte r s can not be rich in 

ins e ct h erbivore species a ~- C'Ornpa red to oth e r p l a nt s 

of similar apparency (Lawton, 1o76). This view is upheld 

by Ottos s on .a nd Anderson (1 083 b ) in analysing the 

Br i tish fern e ntomofauna , who reiterated t hat ferns 

are d i f ficult group of p l ants for ins ects· to exploit. 

In t he present s urvey wor k the species 

f r~quency of the fern s o c currjng in mixed patches across 

t he Te r ai region by f a r showed d omi nance of Dipl~~ium 

escu1~ntum, f ollo wed b y Ch ris~ella c ri~ipes wh il e 

spec ies l ike ~ic rol epia s p esu ncae, Lindsea ensi fol ia 

and Dicran~mteri :: 1 ineari s occ urred in reasonabl y 

red uced p r op nrt i o n s . Of the eighteen terrestria l species 
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of fer n recorded frorn Te rai , the above me ntioned five 

species were , the r efore , regul arl y surveyed to fir.d out 

the ir associated ins ects. P.. , most of the insects co u l d 

be recorded o n ~. ~lentum foll owed by f. crinipes 

and only a few could be recor~ed on ~. speluncae and 

~. e ns ifolia and none o n ~. l inearis , it seems that 

p l ant apparency ref lected through the frequency of 

occurrence of the fern species may jave a bearing on the 

assoc iation of the insect herbivor es. Although plant 

size p l ay a maj o r rol e in determining its apparency , but 

it _· .. is d oubtful i f only size difference can account 

for the variation in the phytophagous insect species 

(Ottos son and Anderson , 1983~. Thus other contributary 

fact o r s 1 ike diet a r y , non nutritional, toxic and physical 

paramete'r s tha n s i mp l y distr ibution and growth-form 

s ho ul d be e>.."Pl ored. 0 

Th e study o n seasonal occurrence of the fern 

in~ects indicates the ir p resence throughout the year. 

Although the fern species under study are perennia l, 

t hey are expected t o h ave c hanges in t h e physical and 

b i ochem i cal profil e a l ong vJith the chu nge in the season 

a s ha s been observed for Briti sh fern s by Ottosson and 

Anderson (1 983 a ). Th e se seasona l cha nges o f th e h ost 

plan~ s can be a decisive fa cto r ir. getting utilize d 

by ~he insects of different guil d s . F e rn s in the v:inter 
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montt~ a re mostl y h~v ing old and senescent fronds which 

could h .J. rdl y be utilized by t he rnandibul ,J.te herbivo res , 

whereas the haustell a t e herbivo res , which principally 

feed on the plant sap are mostly the winter re~resenta­

tives . A few o t her specia lized feeders l ike t he mining 

microlep idopterans , ~ coupl e of col eopte ran species 

and the s awfl y showed thei r pa rtial occurrence in the 

wint e r months v-:h ich may be the resul t of special adap ­

t a tion . Wi t h t he onset of s pring and sprout i ng of fresh 

fro nd s , as woul d be expected , t here is a greater occurrence 

of the p l ant- tissue chewers with onl y a few hem i pter an 

species . In a si:nila r observation on British fern 

feede r s , c\ fter Lawto n ( 1 g76 ) and Ottosson and Ander:son 

1q93 b , onl y 1g . S% of t he frond feeding species are 

reported a t the onset of the sea son i . e . spring , 

while the ma j ority i . e . 63 . 4% of the fern f eeders 

r epresented by h ymenopteran , l ep i dopte ra n , son1e 

d ipte ran, two c o l eopteran and a few h omo pter an species 

have b een reported to occ u r fro;-n June onvJard . i. e . 

t he s ummer and t he rainy season. 

0 

Exami nation of the British fern - feed ing insects 

(Ottosson and Anderson , 1g93 b ) a nd com~ar ision with a 

mo re e l abo rate li st by Hendrix ( l q80 ) revea l ed that the 

present list of the fern associated j_nsects o f Da rjeeling 

pla in~; was having -nost of the nrdr rs in c om-no n excepting 
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Co llembol a and the phytnpha~nus Di nte ra . Thr ~in~inq 

Cha!1dra s eku.r (l n~6 ~ ) Ha ~ ron 0bor a ted by tile ~, r.-esent 

. o b::-. e rvat ion f ror~ thi~• no.rt of I ndio. , whe n the as . ocia-

t j o n o E thrips v•erc 3 1 so ::-ecorded \·Ji th the sporophyll s 

o'"~~laz ium escul entum • howev er, ~ost of t h e represen-

tative species of the in ::::ect - fau na o f ferns obse rved in 

t he p resent survey s e 2m to be r e s t r icted to the Oriental 

re o io n as they hu.d 1 ittl e in com•non witl: the comprehensive 

1 i st compri s ing the e l e r'1e nts from oLher part s of the worl d 

(Hendrix , l gso ) . 

Insects that do util ize f e rns u.re not a rep resenta -

ti.ve s a mpl e o f a ll phytophag ous insects in general . L ittl e 

spe c ialization on fe rn by phytoph u.nous in::;ects has occu red 

at the fa~ il y l ev e l and o nly in a few general t he re are f ive 

or more c o nge ne ric fern - feeding spe cies . So t hese resul ts 

should be su b ject to hath e v o l utionary and ecolo'} ical 

inte rp reta tions (Hendrix,l GRO ). Evo lutionarily, the f e rns 

are an o l d group . The compar i s ion of fern and ins ect fossil 

r eco .rd suggests that de s pirte broad overlaps between the 

tvm groups , the adantive radiatio n of fern have been minor. 

If adc:.otive radiations have occured , i t woul d be expected 

t hat groups of insects well represented on fern wo uld be 

closely rel a t e d and wo ul d t e n d to be mo no phagous o n 

fer n s . On l '/ the h yMenoptera shO\·! t:.h:..~. t rend ancl 2 l arge 
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number 0 f tenthr8 dinidae rep resenting one s ubfar i l Y 

tend to be monop hagous . Fern feeding aph:i.didae a lso 

show a high degree of monophagy (Ea s t op , 1973 ). Our 

pres ent s tudy ::;hawed that t here were ha rdl y congere rs 

arno ngst t he diffe r ent o rd e rs a ncl families studied. 

Alth o ug h s p ecies of tenthredinidae and aphididae have 

been recorded in the n resent study, the families are 

represented by a few s p ecies each . As s uch t he question 

o f adapt ive radiatio n coul d no t be observed . Th is ~ay 

be d u e to the small size of the available sampl e from 

a r elativel y restricted area surveyed. However, monophagy 

o f the sawf l y spec ies corroborates Eas tops observation 

(1973 ). 

Stro ng e t al (19 77) and stro ng (1 9 79 ) suggested 

t ha t host-pla nt s witching rather than auto chthQ"l'::)us 

evolutionary pro l iferation o f p l ant-ins ect associations 

a ccount for the majority of the insects util izing a plant 

s p ec i es. Th i s appears to be the case with insect fauna 

of fern s . Hendrix ( 1980 ) a lso reiterated the sa·ne hypo­

thesis , that h ost p l ant switching rather than slow 

evol ution o f fern fee ders from non-phytophagous ancesto rs 

account for the o re s ent insect fauna of f e rns. Geographi­

cal range of the fern hosts can also be a decisive factor 

for the c haracteri s t ic n umber o f i nsects a s sociated with 

them (Lawton and Sch r--:>der, 10 77 ). Further, Strr:>ng and 

Levin (1 9 79 ) s ugr?'ested t hat th""' greater morph ol ogical 
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complexity of a h0st p l a nt may offer greater dive r sity 

for potent ial pest niches and that this partiall y account s 

for the decreasing number of post species as sociated with 

different les s complex gro wth forms . Whatever may be the 

req uirement for occurrence of the number of more / less 

number of species on a plant, the h ost-plant switching 

from a ngiosperms to f erns by insects util izing vegetative 

p l a nt parts should not be a great evol utionary or ecolo­

gical hurdle . Sites for fo l iage feeders are as diverse 

and abundant in most ferns as in the herbaceous angios­

ne rms which s uggest that these guil d of insects should 

not be under r epresented on fern. The lis t prepared in 

the present study for the insects that has the potential 

to s witch over from f e rn t o a ngiosperm and back, bears 

out the above hypothesis. 

0 

b. Insect-fern-crop inte raction: 

Insect-ho st interaction occuring in cropping 

system can be influenced by p resence o f associated weeds. 

Interestingly enough , phytophagous insects can mediate 

the interaction betwee n crops and weed s (Alt~eri ,l 986 ). 

The oligophagous and the polyphagous species create 

potent ial f or f requent h ost shifts (Strong,1 977 ). The 

abil ity of weeds to harbour insects is wel l-kno wn and 
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alternative h ost plan t s a r e p a rtic ularly i mportant 

where the crop p ing s easo n i s short and follo-v1ed by 

col d or dry season of fa llow or total replaceme nt of 

d ifferent cropping systems (Van Emden, 1981 ) . In the 

present study, a number o f insects specially vegetative 

part feeders have bee n ob served o r repo rted t o use fe rn 

( = weed) as wel l as one or more eco n omic p l ants as 

alte r nate o r alternative h osts. (Tabl e No v ). Out of 

these insects , a f e w were chosen t o s ubstantiate the 

fact that fern can be, at l east in this reg i on of 

Darjeeling plain , a s upporting vegetation t o be utilized 

b y these crop pests . 

Many inst ances can be cited with regard to natural 

e nemies with f ree l i v ing s tages that f eed on wil d plants 

and with predatory I parasitic stages that feed o n prey 

or h ost s on wild plants (Ananthakrishnan, 1 992 ). In the 
0 

early stages of crop growth , t he presence of specif ic 

weed may a ct as a reinf o rceme nt for na tural enemie s of 

crap pests and thus s u s tain the populati o n of predators 

prior to the o nset of pest and later these control - agents 

tend t o migra te from the weedy areas of the crop (Perrin, 

l q 75 ). In the present stud y a few predators and para s ites 

recorded on ins ect herbivo res of fern may be o f s ome impor-

t.ance . Special ly, the hymenopte r an snecie s o f braconid 
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and chalcid infesting the larvae and eggs respect ively 

of the arctiid moths are expected t o be of some signi­

f icance in this context . Further, the larval-p upal 

parasite of family Tachinidae , with definite identi­

f ica.tion can act as a good natural control agent for 

t he arctiid moths. However, its chances of proving , a 

oozy f l y of silk moths need to be ruled out befo re 

'encouraging its natural occurrence on its h osts 

s ubsisting o n fern . Therefore , weed hosts not only favour 

the herbivores by acting as reservo irs but also provide 

a sort of refuge t o natural enemy population to have 

thei r continued interactio n with p est population. 



I I. BIOECOI,OG ICAL STTJDTES 

a . Host-plant preference : 

Laboratory feeding trials tend to produce more 

pos itive responses than is representative of the wild 

animal . Thi s is because the animal is deprived of its 

normal s uch behaviour and further more it has a restr icted 

choice. The relevant dat~ arising out of such laboratory 

experiments are the differences in the apparent palatibility 

a mong the p l ants tested. A more general ist feeder should 

discriminate less strongly in favour of any particular 

species , b ut would still be expe cted to discriminate 

strong l y against v e ry unpalatable s pecies ( Rowell et al. 

1983 ). Keeping i n view the above possibil ity and also 

from the observat ions of the na tural occurrence of the 

spec i e s conside r ed u nder host - preference experime nt, 

a wide choice of t h e more apparent terrestrial fern plants 

occurring most l y i n compos ite patches had been furnished. 

Further, for a b e t ter understanding of the nature of 

pref erence between the most preferred fern species and 

a repo rted or a potential angiospermic host plant, a 

second set of experime nt was set up . Such a study was 

intended to give an idea of fern-angiosperm palatibility 

by selected generalist spec ies. 
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The feeding b ehaviour o f many inJect species 

is f lexible being modified by envir··mmental inp uts and 

thus othe r undoubtly interre l a ted decisions, like when , 

how ofter, and a t what rate to feed . one d e c ision made 

by a n insec t regarding feeding i nvol ves what t o eat. 

I np ut s i nc l ude many features of the food (i . e . col our, 

size , shape , texture , t o ughness , a nd p resence of 
,. 

conspecific i nd ividuals, etc.) b ut probably in the 

.maj o rity of the species t h e pri mary ones are of a chemical 

nature (i. e . odour a nd taste). (Slansky and Rodri guez, 

1 9 8 7 ). (Fig. 3 7) 

The preference a mong the fern snecies by the three 

gene ral i sts, two l epidopteran c o nge ners ~. obliqua and 

§. casigneta fo r ~. escul e ntum, and the acr idid s Decies 

~. crenulata fo r ~. esculentum and f . crinioes , s p ea k of 

a restricted preference for o nly a few species of f e rns 

out of five a ppa rent species found in Darjeeling p lain. 

A s h ot-gu n analysis of the chemical paramet ers of the 

concerned f e rns revealed that some of the chemica l fact ors 

may be respo ns ibl e for nonpreference of rest of t he ferns , 

o r in other word s the acceptance of Q. esculentum by the 

arctiid l a rvae and ~. e s culentum and f . crinioes by the 

acridid species may ~ due t o tol erable l evel o f these factor s . 

Fe e ny (l g76 ) e~has ized t h at a high quantity o f 

t annin may a ct as a good c hemical defence against herbi­

vores . Plant tiss ues high in tannin , infact are largely 
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avo ided by mo st feeders bec aus e of the astringic taste 

they i mpart . One of the maj o r functi o n o f tannins in 

plant is t o act as a barrie r t o h e r bi·..rory . The c o ndensed 

tannins occ ur almost universally in ferns (Harborne , 1984 ) 

and the solub l e tannins , which give an idea of the relative 

astringency and the refore , defence aga inst h erbivo ry 

(Suresh, 1988 ) have also bee n found in a h ost of f ern 

pla nts that have been c o nsidered f o r the palatabilitY study 

of grassh oppers by Rowe l l et a l. (1983 ) . The h i qher values 

o f both rel ative astringency (TAE ) and condensed tannin 

in three fern species (~. ensifol ia, ~. spe luncae and 

~. linearis ) over two other fern s pecies and the angie-

sperms may partl y expl ain the unpalatability of the three 

afo resaid fern s p ecies by both the arctiid larvae and the 

acridid nymphs . Further , tannin ha s t h e property of forming 

indigestable c ompl exes with protein (Gol dstein and Swain, 

1965 ) and s tarch (Feeny, 1970 ) . Theref o r e, a high protein-

tannin and starch-tann in ratio see m t o be imperat i ve for 

ens uring the s uppl y of a rich amount of bisic nutrients 

from the host to the herbivore . In the present situation, 

in spite o f a fair a mount of protein and carbohydrate 

being p resent in t he t h ree afo resaid fern h osts, the 

high amount 0 f associated tannin ma y be responsible for 
~ 

making t he h osts nut r it i on3. ll y poor. t-1a r ginal preference 

of £. cri nio es over Q. e s cul e ntum by the acridid snecies 
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h . crenulata c a nno t be readil y explained by the existing 

biochemi cal prof il e of t he two fern species . Poss ibly, 

it is d ue to the fact that s pecies of acrido id do respond 

to part icul a r p hagostimulants found in their specific 

host p l ants (Be rnays and Chapman, 19 78 ) and maintenance 

of feed i ng . 

The preference a nd mainte na nce of feeding exer-

cised by ~. crenulata for f. crinipes over the angiosperm 

f . capsul a r i s , ma y be to some extent influenced by a low 

carboh yd rate - prote in rat i o , higher 1 ip i d , l ower phenol 

and r e duc ed co ndensed t annin i n the fern s pecies. Furthe r, 

t h e r o l e high f ibre content i n the leaves of f . capsularis 

ma y h ave defensive f u nction and hence reduce palatibility 

which h as also been found during the study of velvetbean 

cat erpillars by Slansky and Wheelar (1 99 1 ). 

The pal atibil ity of f . capsularis by the early 

insta rs of ~. obl iqua and non-pal ~tibility f o r the fe rn 

Q. escul entum may be an adaptive strategy of the poly-

phag ous specie s for expl o iting the angiosperm during its 

earl y stages. The choice of a food plant by the immature 

insect , is spec i a ll y based on v isual and chemical 

(nutritional and al l e l ochemical ) ques . At one extreme, 

a cat erpil lar may not c o nsume a p l ant leaf because of the 
Q 

l a ck o f feeding stimulants {these can be nutrients and 

a llel o chemica l s ) or p resence of repel lents or deterrents 
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(Sla nsky, 1 993 ). In li j ht of the bio chemical prof ile of 

the host pla nts cons i de red in the study, it woul d be 

d i ffi cult to interpret that any one factor is favo uring 

palat ibility of £. caosularis by the early l arvae over 

Q. escul e ntum • Th e f act that the a dvanced instars of 

~- obl iqua accept both the fern and the angiosperm a s 

their food , spea ks f o r t he ir nutritional requ irement 

and taste that maychange as a function of age . A cater­

p illa rs nutritional needs may vary depending on age, 

sex , previous d i et and othe r factors (Sla nsky and 

Scriber, 1 985 ). Thus feeding by caterpillars inv o l ve s 

in larqe part , their a t tempt to obtain appropriate 

nutrient s at an adequate rate in the face 0 f qualitat ively 

and q uant i tatively variable s uppl i e s a nd c~anging req uire­

me nts , wr' il e experiencinfl various costs and risks . As a 

co nsequence , t heir feeding behaviour exhibits v a rious 

degree o f fl exibility vJhich i s 1 i kel y rela ted to the 

extent of variation in foo d q uality they tyPicall y 

expe rience t o l i fe s tyle dif f erences and to other 

facto rs (Sl a n s ky, 1993 ). 

In c ontrast to the na ture of preference exhibited 

by ~. obliqua, its congener ~. ~~eta showed a uniform 

nredelection both in the early a nd advanced instars for 

the fern plant (Q. esculentum ) when compared to the 

ang iosperm ( ~. indi ca) . This , h owever, is better under-
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standab l e in l ight o f the nutritiona lly rich fern 

p lant having a l ess amount of deterrent facto rs. Although 

~. indica happens to be an ideal h o st p lant f or the s ilk 

moth and is a l so repo rted t o be exp l oited by ~. o bligua 

(FAO manual, 1 987) yet it does no t prove to be biochemically 

adequate t o offe r a fair pala tibility, and t herefore, 

adequate acceptance by s. ca signeta. h h igher p reference 

for fern s as compared to angiosperms is available from 

a q uantjfied study by BaU.ck et a l. (1 978 ) in which 

damage t o thre e Mexican ferns wa s found greater than 

damage t o seven angiosperms . 

b . survivorsh i p s t udy : 

Ef fect o f variatio n of val ues of diets can be 

mea sured in terms of g r owth , deve l opment, reproduct ive 

perfo rmance , mortality, l ongevity and morphological 

abnormalities ~ Life s urv ivors h ip t ables 

a re a convenient f ormat f or describing mortality s chedul e 

o f a population • These tables are the age specific 

s ummaries o f the mortality rates ope rating on a populatio n 

(Kreb5,1978 ). Host p l a nt significantly infl uence v ital 

features such as rate o f ·development, s urvival 

rep roductiv e potential of ins ects wh i ch ul timately 
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d ete r mine the rate of p opulatio n bu i l d up (Painte r , 

1 9 5 1 ). S i nce in t h e l e pidopt e rans and pcrtia l l y in 

o rthopt e ra ns the l a rva l I nymphal s tages a r e t he a c t i ve 

f e e d ing f o r ms , i t i s expe cted t hat h o st p l a nt s inf l uenc e 

is a l so ma ximum o n t hese troph i c s t ages . The s urvivor-

sh i p or o t h e rwise the r a t e of mo rta lity th r o ughout t hese 

devel op me nt s t ages i s an index of h ow wel l the species 

h a s adao ted itsel f to t r.e host p l a nt. So, t h e s urvivor-

ship tabl es of the im~ature fo r~s hav e been us eful in 

c ompad r:g t r.e ne rf orr'at: c e of h oth the a rctii d and t he 

· a rridi d S1Jecies o n ec0n0m: c- an•l fern h nsts j r: t he pre sen t 

s tud y . 

Acco r~i ng t o Pearl ( 1 9 2R ) , when t here i s v ery 

l i ttl e l o s s o f popula t ion i n most of the l i fe spa n and 

the n a h i~h l oss in t he o l der f o r:.<s it is described as 

Type I CU !.~e . Di agona l s urvivorsr.ip curve Type II impl ies 

a c o nstant ra t e of mo r ta l i t y independe nt of cge and 

r ype JJ J cu rve i nd i cate hi~h loss in earl y l ife f~ l l o~cd 

oy a period c f much l m,.,.er allc1 rel c:t tivel y c v nstant l osses . 

( F:ig . Sa ). Th " ~- unTivn .: .·;}-ip c urve nf ~ ou1i qua on jute 

r esembl e T ype I curve . On Diol c.zium it resemble s an 

int e r r,Jed i ate bet w8P.n T ·;pe J a nd J J, ther efo re supporti n<) 

t h e i dea that most l u rva l sta0es of s . obl iqua are abl e t o 

s urvive o n the alte r na t i v e h0st i. e . .Q. escuJ.~_!1tum. 



69 

survivorship curve of §. casigneta stands 

between Type I and Type II curves on both the host~. 

Since the survivorship curve on Q. esculentum shows 

a closer similarity to Type I and the s urvivorship 

curve on mulberry ·shows a closer similarity to Type II, 

it can be understood that the species is more adaptive 

to the fern species, and therefore survi ving better on 

Q. e s culentum than on ~. i ndica . 

A comparision of s urvivo r ship c urves of the nymphs 

of !!· crenulata on the economic and the fern hosts 'shews 

a closer similarity t o Tupe II c urve .Hence, it may be 

interpreted that there is a constant rate of mortality 

independent of age and developme nt stage. In a slight 

modification of the generalization it may be pointed 

out that in the last instar there i s an inc reased 

mortality on both the host pla nts, possibl y suggesting 

that both .the ho st are not ideal at least for t he 

advanced nymphs . It may ~e assumed that in nature these 

nymphs get an opportunity to feed on other alternative host 

because o f the ir high pol yphagous nature (Gangwere et al. 

1 989 ), to have a bette r survival . So b y and large all the 

survivorship curves s tud ied fall between T ype I, a nd 

Type II as ha s been s uggested t o be i deal fo r a l a rge 

n umber of species by Krebs (1 078 ). Further the same 
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author has indicate d tha t man i n developed na tions 

tend to h ave TyPe I s urvivorship c u rve which may be 

anal ogised with the s u rvivorsh i p of a h e r b i v o r e 

insect o n an ideal and nutr itional l y rich host. On 

Q. esculentum t he l ona? r developme ntal period of 

2· obliqua as compared t o that on c. capsularis may 

be d ue to an add itional instar of the ca t e rpil l ar. This 

add itional instar possib l y ma kes up for the nutritional 

shortfa ll to e nte r p upation. Th is i s mo re apparent from 

the s tudy of the dry ma s s-'!.:>Udget of the spe cies. Apparently 

£. capsularis se r m to be a more suitabl e host, s ince o n 

this , species survival is better with a shorter development 

pe riod . Moreover, the egg s l a i d after successful comple tion 

of t he deve lop me nt o n ~ capsul aris , showed 98 . 89 % s urviv a l. 

I t appears that the fern p l ant, £. escul e ntum , can neverthel ess 

be used as ~n alternative host and s upport at l east i~ pa rt 

the life cycl e of the arct i id s pecies . 

Pe r f o rmance o f s . ca s igneto on the hosts 

Q. escul e ntum and M. ind ica establ ishes the fo r mer as 

a more acce~table host t ~a n the . l a tte r . The poor s urvival 

of the species with enhanced casualty at l arval , pre­

pupal and p upal stage s e n ~. ind ica when compared 

t o that o n Q. ~lentum ind icates the fo rme r to be an 

0 
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unrelated host that can be expl oited only to a 

limited extent. Although §. casigneta is a well 

established pest of a number of angiospermic plants 

(Banerjee and Haque, 1 983 b: Chatterjee and Chaudhuri, 

1 98 9 ), yet it can utilize the food resource of the fern 

as an alterna tive h ost. On the fern host, the high 

hatchability and n.otable viability of the developmental 

stages and their completion within a reasonable period, 

beyond doubt establishes 2. escule~ as a suitable 

rel a ted host. The said i nf ormation fu rther establishes 

the fact that unlike §. obl iqua which is reported to be 

a mulberry pest (FOA mannual 1 987 ) §. casigneta lacks 

the ability to utilize ~. ind ica as a true h ost. : ~he 

additional larval instar recorded on mulberry is possibly 

due to their inability to acquire adequate nutrients from 

the host and to attain certain weight for entering 

pupation (Slansky, 1 98 2). 

Comparable performance of ~. crenulata on £.crinipes 

and the eco nomic h ost £. capsularis signifies that both 

the hosts can be used. Q. cansula ris being a cash crop 

is grown during the rainy season and may act as a good 

food r esource to the acridid species . In a bsence of 

£. caosularis the fern s pecies £. cri nipes has certainly 

the potentiality to s upport a fair population as indicated 

0 
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by their higher survival values and shorter d evelopment 

period. 

The additional instar for the females of the 

species on both the hosts possibly indicate a common 

·requirement of the females to acquire, allocate and 

utilize some additional nutrient for their ·future 

reproductive programmes (Slansky, 1993). 
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c. Devel opment and perfo rmance : 

i. Incubation pe r i o d and ha tcha bility: 

Variable nutrient allocation to eggs can 

result from food q u&lity differences among female 

caterpillars of the parental generation and can also 

occur between the early and later laid eggs, with 

s ubsequent effects on the caterpillar's performance 

i.e. dispersal, deve lopment rates, weight gain and 

survival (capinera and Barbara , 1976, 1977; Capinera, 

1979; Wagner and Leonard, 1979). Further ,Banerjee 

and Haque (1985) observed l onger embryonic dev elopment 

period with a higher hatchability for ~. casignetum 

(= 2· casigneta)on a more nutritionally rich host i.e. 

s unflow.er, than on hempwe ed t hat had a higher phenolic 

c onte nt. 

In the present study, 2· obliqua s eemed to 

ut ilize £. capsularis bett er than Q. esculentum, which 

was reflected through a rea s onabl e incubation p eriod 

and a fai r hatchability of the eggs . The few eggs laid 

on ~. escule ntum with no maturation and hatchability is 

difficult to explain throu gh the nutritional qualities 

analysed for the host. Exp e ctedl y , s ome f a ctors othe r 

than the ones studied fo r the fern species may b e inter-

fering with the rep roductive p rogramme and embroyonic 

development o f this arctiid moth. 
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A reverse phenomeno n was observed in ,§. casignet~ 

where a high egg h a tchabilitY and a reasonable incubation 

period indicate the suitability of the fern h ost over 

~. indica where no egg laying was observed. The nutrition­

ally rich 2. esculentum seemed to support the reproductive 

and the e mbryonic development activity well in this 
0 

arct iid species. 

Altho ugh no significant difference was noted in 

the embryonic development period ( incubation) for 

~. crenulata eggs, the higher hatchability on £.cr1nipes 

over £. capsularis indicate a better su·i1.tabjl itY of the 

fern host. such a p e rfo rmance is not unusual in v i ew of 

richer basic nutrients and l ower allelochemical s of 

£·. crinipes as compared to that of £. capsularis • 

Slow growth and l engthened development frequentl y 

occur for caterpillars feeding on sub·optional f oods. 

However, because the disadvantages to fitness can be 

substantial, slowed growth and extended development are 

probably more common consequences o f inabi lity to 

adequately compensate for reduced food quality (Slansky, 

1993). 

£. capsularis proves to be a mo re s uitable h ost 

than Q. esculentum as f a r as larval period and s urvival 

of ,§. .ol:t igua are concerned. Altho ugh the dietary para­

meters do not indicate a better nutritional value for 

.§. obliqua , yet the larval p erformance undoubtly s p eaks 

in favour of a better s upporting capacity of £. capsularis, 
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The high survival of §. casigneta l arvae on 

~. esculentum establ ishes the fern species as a more 

optimal h ost than the angiospe rms ~. indica. However, 

the non variab ility of the l arval period possibly 

imply that some sort of a compensatory mechanism 

ope rates in the larvae to make up for the reduced food 

quality of the a n g i ospe rm host . 

Nymphal performance of ~. crenula ta with a 0 

shorter post empryonic devel op~ent and a better survival 

on f. crinipes establishes the fern host to be more 

adequate and s upport i ve than the angiospe rm host, 

f . ca p s ularis . Di e ta ry paramete rs also portray f. cri n ine s 

to be nutritionall y richer than f. c ansul aris having 

a r e asonabl y reouced non-ba s ic nut rients and s e conda ry 

components . The ov erall obs ervatio n o n the a brwe ins ect 

he rbov ores i nd icate that t he p l a nt species wh i ch are 

favourabl e fo r larval I nympha l s u rviv a l a re al so s uited for 

their rapid d e v P. lopme nt-- an obs ervation al so r eported 

f o r Q. obliqua by Kabir a nd Mi ah , ( 1')8 7 ). 

ii . AdJ itio na l ins tar a nd minimal we i ght 

The ultimate goal of the larva l and nymohal 

s tages i s to produ ce an a d u l t whose qua l it y ma t ches its 
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geneti~ally determined potential. The species in the 

same and in different g~uilds dif f er in the devel op ment 

and growth s ub compo nents of t heir life h istory strategies 

and in their tactis by which they attempt to achieve 

this goal (Slansky and Rodriguez , 1987). In some 

species the number of instars may vary depending on 

the environmental condition generally having more 

instars under unfavourable conditions ( Sehnal, 1985). 

That insects are not ope r ating at their maximal 

feeding rate, it i.s · indicated by ·tl}e ·iqc_rease :j_n food 

consumption freque ntly observed in response to a 

deterioration in food quality. The degree to which 

different species exhibit this compe nsatory response 

may be related to their life styl e (Slansky, 198 2). 

Greater consumption can result from prolongation of 

larval development time which may include extra larval 

instars (Slansky, 1993}. The decision to pupate or 

moult t o adult ofte·~ depends on attainment of some 

minimal body weight. Above this minimal body weight, the 

larva may make a choice that balances the potential costs 

of pro longed development and those of producing an 

adult whose s ize and performance are somewhat reduced. 

The percentage of optimal weight at which the minimal 

weight is evolutionarily adjus ted varies between spe cies 

and is probably related t o their particular life style 

(Slansky 1 982 ). 
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In the present study, the additional instar (VI I ) 

of 2; obliqua reared o n Q. esculentum when compared to 

Six instars on £. caosularis , once agai n e~phasises the 

suitabi l ity of £. capsularis . Similarl y the lesser 

number of ins tars of §. cas i gneta on Q. esculentum 

establishes this fern host as more suitabl e than the 

angiosperm, ~. ind ica . Unde r l ess ideal conditi o ns, the 

de cision to moult probably involves integrate d i nput s 

including the natu re of the unfavourable c o nd i t ions, like 

poo r quality of food (Sl a nsky and Rodriguez , 1 987) . 

Since no sex bias was observed for the additional 

instar and all the l arvae o n the s aid food plant had 

undergone the additional mo ults, it seems that the 

nutritional qualities of the host p l ant might hav~ 

fo rced the arctiid species t o take s uch a decision. 

The situation arising in case of ~. crenulata , where 

· o nly the females underwent an additional moult , can be 

understood in light o f the add itiona l nutritive require­

me nts of the female sex. Adul t fema l e s , associated with 

the ir great resource out put in reproduction than males 

are frequently larger and heavier than males and this 

is often a ccompl ished by l o nger devel opmental times in 

female l arvae wh ich may also go through an additional 

ins tar (Slans ky and Scriber 1 985 ). The same authors 



78 

also reported that in addition to sel ection for l onger 

development time for fe male s to accumulate suffic ient 

nutrients fo r egg product ion, there can b e sel ection 

for earl y mal e emergence (pro tandry ), wh i ch can 

faci l itate access of emergi ng f ema l es for mating . 

The present f inding in wh ich only the fema l es of 

~. crenulata unde rgo an add itio na l moult may a lso 

s tand as an exampl e of the above fact . 

Ther e is like l y an adaptive c omponent to the 

magnitude of p rolonged d ev elopment both · because its 

eco l o g ical cons e q ue nces may J iffer among species , and 

because its unde rlying cause i. e . the need to obtain 

a spe cies specific minimum body size or mass prior to 

pupation, i s l i k e l y an evol ved tra it (Sl 2 n s k y , 1Q03 ) . 

F itness associated pe r formance criteria of insects a re 

often posit ive l y correlated with body size (Yamada and 

Umeya , 1 9 72; Ba rbosa et a l . 1981; Wi ckman and Karlson, 

1 989 ; Banno, l ogo ). Caterp illars coul d p unate at body 

s izes be l ow their genetic potential in o rde r to avoid 

prolonging the ir duration of d e vel oprent . However, 

various degree of prol onged devel opment d o occur 

beca use probably in l a r ge part s a ll insects must achieve 

s ome minimum body s i ze or mass b e fore p upation (Nijhout, 

1975 ). Poor food q uality or inadequate food u t ilization 
0 

(b e cause 0f a ll e lochemical s ) r esu l t into unfavourable 

c~ndit ions l ead ing to ext r a i n s t a rs ( Se h na l , 1 985 ). 
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A greater number of s uch ins tars may provide an increase 

i n the body we ight so that an optimal b ody weight is 

attained and the larvae may take d e cision to p upate 

(Slansky, 1982) . In light of the above proposition, the 

occurrence of the additional instar (VII) of 2· obliqua 

on 2. esculentum and of ~. casigneta on ~. indica is 

possibly meant to compensate and attain the minimal 

weight to enter pup ation. Since on £. capsularis for 

§. obligua, and on Q. escul e ntum for §. casigneta I the 

optimal weights () minimal weight ) h ave a lready been 

attained by the VI instar l a rvae, they have taken a 

decision to pupate (and not to enter into a n y further 

instars). 

For most such s pecies, pro l onged development to 

achieve their maxima l body s i ze or we i ght may not b e a 

viable s trategy in nature with depl e ted o r deteriorated 

larval food s upplies because it l eads to death without 

reproducing. Under s uch circumstances, a substandard 

s ized adult might experience a reduced reproductive 

contribution compared to a f ull-sized adult, but it 

would nonetheless have greater fitness than if it 

a ttempted t o achieve its maxi mum body mass t hrough 

prol onged developme nt (Slansk y 1993 ). The caterpillars 

fail to achiev e t heir genetic potential in body size 1 

mass, nutr ient s t o rage and develop~ent time despite 
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compensatory chanqes in the cons ump tion and utilization 
~ 

o f food indicate t hat thes e respo nses are not always 

ef f ective at full y mitigating the impact of food in 

variable environment to their performance (Slansky,1 99 3). 

Th e present study in which §. obliqua failed to have fertile 

eggs on Q. escul entum as well as failure of §. casigne ta 

to reproduce o n ~. i ndica may stand as an example of the 

abov e con jecture. 

According to Angel lo and Slansky ( 1984 ) and 

Banno (19 90 ), even though l epidopteran species span 

the r ange in minimum si7n for pupation, the signafic~ nce 

of these values to l ifestyle a ifferences has no t been 

rigorously investigated. Further Slans ky (1 993 ) emphasized 

that there is a l ack of sufficient information for most 

insect species and spec i ally spec i es with phytophagous 

larvae to adeq uat ely assess the p recise fitnes s tradeoffs 

betwee n pro l onged devel opment and reduced body s ize or mass . 

i i i . Pupal pe riod , pupa l survival and pupal we i ght 

Feedi ng can have biol ogicall y significant costs. 

This is most l i ke l y to occur for those species in which 

energystored by a caterpillar is critical for pupal 
• 
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survival and /or adult performance (Slansky 1993). The 

arctiid species studied fall in the category where the 

adults are non feeding and the only source of nutrition 

and energy is thro ugh the feeding activity of the larvae. 

Th e greater pupal survival and highe r pupal weig~ of 

§. obliqua on £. capsularis and §, casigneta on 

a. esculentum once again establish the angiosperm to 

be a mo re suitabl e h ost for the forme r moth as compared 

to a better s uitability of the ~ern plant for the latter. 

In a s i milar find ing for ~ casignetum , Banerjee and 

Haque (1985) reported heav ier pupae with better survival 

o n sunflower, the more suited host than o n hempweed. 

While reporting the performance of Q. obliqua on a 

number of h osts Kabir and Miah (1 987 ) documented that 

more suitable the h ost. is, greater is the survival and 

high e r is the weight of pupae and adul ts. Ir respective 

of the host p l ant used for rearing, no significant diff­

erence occured in the duration of the pupal s tage, a 

fact also observe d b y Bane rjee and Haque (1 985 ) for 

Q. casignetum. Furthe r, in s upport of the observations 

made by the abov e a utho rs in both t h e species i . e . 

§. obliqua a nd §. casignetum, the fema l e p upae were found 

to b e constantly h eavier than mal es . As woul d be expected 

and al so reported , Bane rj ee and Haq ue (1 9 85 ) and Kabir 

and Miah (1 987 ) fo r two of the arct iids , the adult 

weights on a s uitabl e host always exceeded t hat o n a 
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less suitabl e one . This obse rvat ion wa s a l so fou nd 

to be true for the two arctiid s pecies studied 

he re . In a slight departure from the above fact 

the body weight of mal es of the acridid , ~. crenulata 

did not show a great difference on t wo of its 

hosts. However, t he fema l es showed a h i gher 

body weight o n the more s uitable h o st i . e . 

£. cri nipes in line wit h the information available 

for the lepidopteran species. 

i v . Adult weight and longevity 

Influe nce o f a more suitable host on the 

longevity of both the sexes of ~. crenulata was 

apparent but a variat ion in l o ngevity between 

s e xes was obse rved in case of the arctiid moths. 

Whil e a l onger adult life in males indicated a 

positive inf luence of the suitable host , this 

was not so in femal es of §. obl i a ua • In .a oartially 

support ive fi nding Bane rj ee and Ha que (1 985 ) s howed 

a higher l ongevity f or both sexes of ~· casig netum 

o n a more s u itable and nutrit iona l y rich host . 

v. Fecundi t y 

The effect o f f oods on egg product i on res ult s 
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from balance betwee n a ~ultiplicity of factors, such 

as species specific requirements , t emperature , meta-

holism, food cons t ituents and quality. Both the 

quantity and quality of food influence the total 

·egg production and egg laying (Engelmann, 1970). 

Th e high fecundity recorded for ~. ~EJata on 

f. crinipes, and §. casigneta on ~- esculentum are 

quite unders tandable in v iew of the nutritional 

richness and suitability of the hosts. However, 

the markedly increased fecundity of §. obliqua on 

g. capsularis cannot be ready supported by the 

nutri tional parameters of its hosts considered here 

for comparision. A coup l e of nutritional attributes 

t hat make £. capsularis more distinct from ~- escu1entum 

is its c omparativel y high nutritive carbohydrate 

and fibre content. It has been emphasized b y 

· En~elmann (1970 ) that carbohydrates are possibly 
0 

necessary fo r ut i lization o f dietary protein reserves 

in both aut ogeno us and anautogenous species. Appare-

ntly only a combination diet of sugars and protein 

allo ws maturation, and also qualitatively different 

sugars may have in some cases different e f fectivenes s 

in promot ing e gg rnaturation. Dif f erent proteins may 

also be more or l ess - nutritious . In the pres ent 

situation, the high fecundity o f §. obliq ua o n 
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f. caosularis possibly may be explained thro ugh 

further analyses of the different qualities of 

dietary proteins and carbohydrates . An unpublished 

data show that the quantam of albumin and globulin 

as compared to glut elin and prolamin and similarly, 

the quan~m of mono- and oligos a ccharide as cbmpared 

t o starch content is by far higher in f. capsulafis 

than in Q. ~sculentum • Besides the possibilities 

mentioned here , some other nutritio nal factors 

(not covered in the present study ) o f c. cansula ris 

may al so be responsible in boosting the fecundity of 

.§. obliqua. 

!II . DRY !>'ASS BUI:X;ET 

0 

Rela t ive c onsumption rate (RCR) may change 

both with in and between instars , presumably reflecting 

physiolog ical changes d u ring d evelopment. Late r 

instars tend to h ave l ower RCR values t han earlier 

ones (Sla ns ky and Scriber, 1 985; Mohanty and Mitra; 

1991) but only a few species have been studied and 

these data must be interpreted with caut i on (Sla nsky, 

1 993 ).The findings in t h e p r esent study o n § . obliqua 

and §. casigneta corroborat e . the abo v e proposit ion 
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i . e. r · luct ion i n RCR values (dry weight) wit h the 

advancement in insta rs . The f a ct has a l s o been found 

t rue for the instars of the acridid spec i es , ~. crenulat~ 

Th e change in the RCR value b e tween t h e e a rl y and l ate 

ins tars may be due t o feedi ng b e h aviour sinc e the 

earl y nymphs ske l e tonize lea ves feed ing o n softer 

tissues whereas later i nstars con sume mos t of the 

leaves includ ing veins (Wagner and Leona r d , 1979; 

Sal inas 1 984 ). 

I nsects t hat feed o n foods of l mver nutritional 

q uality o fter show higher rate s of consumption than 

simil a r ins ects feeding o n more nutri t ious foods . 

Insects may the r eby c ompensat e for l owe r food q uantit y 

by increasing consumpt i o n to obtain sufficient nutrition 

for d e vel opme nt (Farrar et a l. 1989 ). Thi s hypothesis 

does n ot a p p l y well i n the s tudy of the arctiid s pecies , 

a s fa r as nut rit iona l parameters of the fern and t he 

ang i o sperm h o s t s are con cerne d . Since the fern s in 

t he present c o nt ext appe a r t o be of a bett e r nutrient 

v a lue t han the angiosperm , a l o,.;er RCR val ue was 

e xpecte d in the l arvae. ln fact the values espec ially 

i n t he early instars are h igher on Q. escul e ntum, 

v1hich i mply that some facto r s ot1:er than the concerned 

nut rients and a l lel ochemics may be responsible . How -

e v e r, a n insects behavioural respo ns e t o a food 



86 

sou ~ce may be an important determinant of consumption 

ratr than its physiol ogi ca l state . Th is seems emperi ­

cal . y obvious and i s evidenced by bioass a ys in which 

an ~sect ' s behavioural response is altered by addition 

of t i mula nt or deter r ent compourd s to a food source 

(Fa .. :ar et al . 1 989 ). Fu rthe r , plo.nts exhib it many 

qua"itative and quantita tive cha nges in nutrients 

and a.llelochemical s al oLg with leaf maturation, with 

che ical ferti lization, and b e tween species etc . that 

mig1 t affect food consumption independent o f a compen­

satory respo nse to decreased nutrient level (Sl a nsky, 

199 3 ). 

In cas e of ~. crenula ta t he comparision of RCR 

valles supports t he earlier hYPothesis of Farrar et al . 

(1 939 ). On the nutri tionally r i che r c. crinipes, the 

ac r did species in gene ral has a l ov-1e r RCR value t han 

the angiosperm f . caosulari s . The dietary parameters 

studied are q uite indicative and s upportive of the 

e xpP.cted ph e no me no n. 

Since relative gro wth rate ( RG R) depends o n 

cor. s umption rate and efficiency of conve r s ion o f o 

inc ~sted food (ECI) (Barbosa and Greenblat t , 1979 ), 

th( reduced con s u mption rate in t he advanced instars 

ma y account for the decrea s ed growth ra t e \,•hich is 

evident with mi nor v a riations in a ll the three insect 
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species studies , irr espective o f the ho st p l ant. The 

difference in the RGR values wh i ch are usua lly mo~e 

o n th£ nutritionall y rich h osts i . e . £. escuJ.entum 

for ,§. obliqua and ,2. casign~g , and f. crinipes for 

~. crenulc ta , can be rea d ily unde r s tood. It i s well 

k no wn that in addition t o the life s tyle and f eeding 

pat tern, the vast difference in the overall gro>~h 

rat e between species of the s ame t rophic l evel can 

a lso be accounted to s ome e xtent by food quality 

(Scriber and Slansky, 1981 ) . Facto rs such as nitrogen, 

energy, mineral and t oxin c o ntents of the food signi -

fica ntly inf luence the growth rate thro ugh f e eding 

rate (Gordon, 1972; f·1at t son, 1 98 0 ;Sla nsJcy and Fe nny, 

1 977 ). 

According to t1uthukrishnan and Pand ian (1987 ) 

most lep idopterans belong to the s ho rt lived s pecies 

group where as the crth opt erans belong to long lived 

species group . The for;-·r r gro up is kno wn t o max imise 

energy accumul ation by accel e rating the rate o f f ood 

consumption a n d c onve r s ion without pro l o n g ing t he 

f e eding per iod and thus , reducing t he metabo l i c co sts 

o f maintenance . In thi s g r oup t h e g r o wth rate s are 

s everal time s faste r than the l o n g lived forms . In 

the present s tudy, simi l a r fa s t er g r o wth rates have 
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been noted fo r the lepidopteran s p ecies when compared 

t o the lower values of the long l ived orthopteran 

species. 

Greater consumption can result from prolonging 

larval developme nt time which may include extra 

instars. So, slower gro wth and lengthened development 

• frequently occur in caterpillars fe eding on suboptimal 

foods . There seems t o be enough evidences to atleast 

s trongly suggest that insects exhibit compe nsatory 

feeding in re s pOnses to changes in the nutrient levels 

in their tYPical food plants, altho ugh other factors 

like allelochemicals may also affect food intake . 

When nymphs of Locusta migratoria were fed on a diet 

with r educed protein content, b rought about by ad·H tion 

of cellulose, they increased food consumption by feeding 

mor e frequently (Simpson and Abisgold, 1 985). 

Dietary proteins can be divided into four 

fractions based on their solubility i.e. albumin, 

globulin, glutelins and prolamines. Albumins and 

globulins tend to be the h ighest quality proteins, 

glutelins intermediate and prolamins the poorest 

(Slansky and Panizz i, 1987; Draper, 1976).Caterpillcrs 

may not have evolved to compe nsate thro ugh increased 

feeding for reduced pro t ein quality, probably because 

greater intake woul d onl y inc rease the metabo l i c c o sts 
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of catabol isino and exc r eting the i mbalanced a mino 

acids. As an exarrp le1 caterpillars o f Spodoptera 

eridania consuming diet with zein (a poor quality 

p rotein) although inges ted s imilar amount of nitrogen 

as larvae consuming the die ts with casein (a high 

quality protein ) excreted over three times more o 

uric Lc id and had resp iration rates about twice as 

high as the latter caterpillar (Karo we and Martin, 

1989). 

The dry mass budget of §. casignet~ that 

include a higher assimilation and production on 

Q. ~sculentum , as compa red to ~. indica can be 

s ubstantiated by a better nutritional quality of the 

former. For the situation arising out of the budget 

of 2· obligua on two of its h osts , a different inter­

pretation is required. The high p roduction and reduced 

respiration in ~. obligua reared on £. capsularis 

inspite of l esser assimilation may be understood through 

the qualities of protein. As mentioned earlier, in a n 

unpubli shed observation the quantum of albumin and 

g l obulin (h igh quality protein ) is fou nd to be 

higher in £. cap s ulari s when compa red to that of 

~. esculentum. The above facts may be supported by 

findings of Karowe and Martin (1 98 9 ) where the highe r 

nutritional quality involves lower re sp iratio n r a te 

and metabolic cos ts. 
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The mass budget of ~. crenulata on £. crinipes, 

as expected, shows a better production index b ecause 

of t he food quality. Po s ibly presence of a higher 

phenol and fibre in c. ca psularis results in a higher 

respiration inspite of better assimilation. Further, 

the enhanced cost of maintenance of ~. crenulata on 

£. capsul aris may be explained by referring to its 

increased food consumption resulting from low nutrient 

l evel a nd higher amou nt of indigestable material (fibre) 

t hat d i l utes t h e nutrient concentration. Greater 

cons umpt i o n may resul t from eating faster and for 

l o nger period which a l so involves higher expenditure 

of e nerqy (Sla n sky, 1 992, 1 993) . 

Compe nsatory feeding is general ly adaptive 

because it mit igates the deleterious impact of reduced 

nutrient l evel on herbivore performance (Simpson and 
0 

S i mpson, 1 990 ; Wheel er and Slansky , 1991) . However, 

ingestion of an increased dose of a potentially 

deleteri o u s all e l ochemical may exceed herbivores 

capacity of cop i ng with it. This does not seem to be 

the case for some insects apparently well adapted to 

all e l ochemical s i n their food ; compensatory feeding 

l eading to consumption upto three fold more food has 

little del iterious i mpact from ingestion of additional 

a ll e l ochemical s (Slansky, 1992 ) . In the present st~dy, 

the higher respiration and maintainance cost of the 
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arctiid moths on Q. esculentum may be indicative of 

the fact that the allocation of energy from metabolic 

pool to respiration has taken p lace. such a phen omen on 

~ay result from activity of detoxifying enzymes against 

unusual toxins (allelochemicals ) o n occasion of 

switch over to alternate food plants that appear 

to be energetically more expensive (MUthukrishnan 

and Pandian, 1987 ) . So, the possible explanation 

for constantly higher resp iration on the fern 

Q. esculentum than the angiospe rm, £. caosularis 

or ~. indica , may be due to some functions related 

to the neutralizat ion of the fern t oxins or allele­

chemicals that have not been considered in the present 

study. Judging by the l ower respiration and maintainance 

cost of A. crenulata on £. crinipes it seems that this 

species of fern host i s relativel y free from the 

allelochemical s;1 

0 


