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3: REVIEW OF LITERATURE 

i. Ferns and associated entomofau na: 

Diversity and distribution: 

The foothill region o f Eastern Himalaya that chiefly 

includes the Terai region o f Darjeeling has n o specific report 

on fern flora . However, some litera ture on the diversity and 

distribution of the fern species of this area can be figu-

red out from the existing l i t e rature on Indian ferns. Besides 

the comp r ehensive "Handbook of the ferns of Brit ish Ind ia, 

Ceyl o ne and Malaya Penuns ulia "by Beddome (189 2 ), some 

more reviews on fern f l ora of Northe rn Ind ia including these 

of Nepa l , Darjeeling and Sikki m Himalayas are available 

(Clarke , 1880; Mehra and Bi r ,1 964; Sinha and Gu rung,1985 ) . 

Tagawa (196 6 ) , Panigrahi and Patnaik (1968 ) and Dhir and 

saiki (1 984 ) have furnished an account of fern f l ora of 

Hiffialaya including that of Eastern region. Dis tribution of 

the extant fo rms of Darjeeling h i ll s with their climat i c 

limitations has been reported by D ' Costa and Mukherjee 

(1 985 ) . Distribution o f some homospo rous ferns that inclu-

de Diplazium escu l entum and the reasons behind t h eir spora ·-

die , distinct and patchy occurence has been explained with 

rea sons by Singh and Roy (1 98 9 ). Dix i t (1 984 ) published a 

census on Ind ian pteridophytes .Some aspe cts o f ecology, 

c istr i bution and phytogeography o f Himalayan ferns is also 
• 



11 

ava ilable from the publications of Bir et al . (198 7. ), Bir 

(1987 ), and punetha (1 989 Land Dix.it· and T Y"tpa.lhi (1986). 

The relative paucity of insects that eat ferns when 

compared to t he a ng iosperms was noted about a century bac k 

by s chneider (1892 ) and subsequently by Brues (1 920) and 

Weiczor ek (1 9 73). The evidences to support the claim that 

ferns are underutilized as a food source is scant(Balick 

et al. 1978;Ree s,l971; Huffaker, 1974). A g eneral account 

of insect fauna of ferns a re few and scat tered. For over 

a hundred years d iscrete information on occu rrence of diff-

erent insect spec ies o n some particular ferns like the bracKen, 

(Pterid i um a quilinum (L. )Kuhn are available (Meikle,1937; 

Weiczorek, 1 973 ; Lawto n, 1976; Rigby and Lawton, 198l ;Lawton 

et al ,1 985 ). Lawton and Gaston (1 989 ) p ublished a n article on 

tempora l pat terns in the herbivorous insects of bracke n -

a test of comnnmity predictibil ity. Posada et -al . (1987)indicated 

Callo2istria f l orid e nsis as a serious pest of several orna­

mental fern s . Some of the more compreh ensive studies include 

those of Swezey (1 922 ), Cooper-Driver (1978 ), Gerson (1 979 ), 

Au rbach and Hendix (1 980 ) and Hendrix (1 980 ). In an articl e 

on 'Nurr~er , seasonal ity and feeding habits of insects attack-

ing ferns i n Britain', Ottosson and Ander son (1 983:b)have 

given a r eview of the fern feeding ins ects . Herbivore damage 

to three tropical ferns has b ee n a s sessed by Hendrix and 

Marquis (1 983 ). 
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Hendrix (1980 ) in his comprehensive list of insects 

util izing f e rns as a f ood source has based his data from• 

various sources and surveys . He has catagorically listed 

the different t a xa of the British fern fe e ding insects along 

wit h informat ion on their occ u rrence . 

Some of the r e l a t ivel y recent l iteratures on Taxonomic 

gro ups of i nsects attacking ferns are mentioned hereby : 

Orth opterans are r eported to util j ze fern s of forest 

f l o o r (Rowel l et al. 1 983 ). A new genus and species o f Thys a­

noptera is d escribed from South I ndian altitudes (Mohan Daniel, 

1985 ). Report o n occu rrence of a new species infesting ferns 

in We stern Himalaya (Chakrabo rty a nd Bane rjee, 1989) ; and two 

species of aph ids a nd a jass id infesting ferns ha s been repor­

ted by Mohan Daniel a nd Chand rasekar (1 986 a, b) fro~ South 

Ind ia . An annotated account of the fern a ssociate d insects 

frnm the Tera i region of Eastern Himalaya is unde r publication 

(Mukhopadh yay and Thapa , :99 1 ). 

ii. Bioecol o gy of fern at t acking insects : 

a . Host-plant preference : 

Hend rix and Marquis (1983 ) in their study on herbivore 

dama ge to th r ee trrJpical ferns have q i ven t he t echniques of 

as sess i ng the h ost p l a nt damage . They ha.ve a l so e mphasised 

and compared the na ture o f preference and damage on ferns and 

tropical angio sperms b y insects . In a s tudy of palatibi lity of 

f e rns and t he ecol ogy of two tropical grasshoppe r s , Rowell et al. 

(1 og3 ) ha s con~ idered t hirteen spec ies of ferns. They have t r i ed 

to correlate the biochemical parameters o f the fern hosts with 
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their oal a tib i lity . The bioche~i cal bas is of p r efer ence of fe r n 

r~ sts ~~ve be e n worked o u t f o r aph i ds and a j assid by Moh a n 

Dan i el and Chandrasekar (1 986 a , b) a nd f o r a t h ysanopteran 

s pec ies by Mohan Dan i el (1985). Ka plan i s e t al . (1 96 7 ) a nd 

J o nes a nd F irn (1 978 ) have empha s ized t h e role of phytoe cdy­

s tero i d s in bracken as a defence a ga i nst phytoph a gous insec t 

attack . Soo Hoo a nd Fraenkel (1964 ) have s hown ho w f e rns are 

res i ste nt t o a po lyphago us so uth e rn a rmy worm. 

L i t e rature o n f ood select i on a nd fee d ing in Acridoids 

is vast. A recent cont ribution by Gangwe re et al. (1989 ) 

gives a review on " Food select i o n a nd feed i ng i n acrido ids". 

I n t h e same arti cle a chapte r o n • The phyl ogeny o f h o st 

s el e ctio n • gives informatio n o n p l ant association of a cri do ids. 

F u rthe r it r eports both mo noc otyl edons a nd dico t yledo ns as 

f ood p l c nts of Atracto mo £pha SE§nul a ta • The spec i e s selects 

its h o sts b y u s ing a n umber o f sens i lla (Anant hakrishnan et al . 

1 985) a nd p a rt i cula rl y those o n i t s anten na (Shafi, 1 987 ). 

Mural i rangan and Muralirangan (1 985 ) ha s str es s ed upon the r ole 

o f ph ysicochemical facto r s in a crid i d f ood s elec tion a nd f e edi ng 

behav iou~. Sanj a yan and Ananth akrishna n (1 987 ) haMe shown h ow 

h ost pre ference o f some acri d i d are related t o t he b ioch emical 

parametres . Ram and Gupta ( 1989) i n t h eir study o n integ rated 

pest ma nagement i n fodder c owpea found ~. c r enulata t o be 

dama ging t o t he crop~ 

Informat ion o n host cho i ce , biology and food utili3at ion 

and growth indi ces o f the a rctiid moths i s v i vid b ut scat t e red. 
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Various aspects of larval biol o g y and development of Spilarctia 

obliqua (=Diacri s ia obliqua ) are availabl e from works of Singh 

and Gangrade (1974), Sinha et al. (1 975) , Katiyar (1 9 75 a, b), 

Katiyar et al. (1 976), Yadav ~ Singh(l979),Deshmukh ~tal. (1979) 

Gupta (1 982 ), Gupta et al (1 979 ), Prasad and premchand (1980 ), 

Po o nia e t a l. (1 981 ), Kab j:::- et al. (1 985), Goel et a l. (1 986), 

Kabir and Miah (1 987), Dhale et al. (1988 ), Srivastava and Pandey 

(1 Q8 8 ) and Sh a rma and Tara (1 989 ). Devel op:--.e nt behaviour of the 

species on sugarbeet has also been s t udied by S ingh and Sachan 

(1 987 ), and on some common weeds by Rathore and Sachan (1978 ). 

Literature on Spilarctia cas i gneta (=Diacrjsia casignetum) 

is relativel y poor. Most of the work availabl e on biology and 

influence of the host plant on development, fecundity and egg 

hatchability has been done by Banerjee and Haque (1 983 a , b ; 

1985) . The pes t status of t he s pecies &s a def oliato r of sun­

f l ower has b een highlighted by Banerjee and Haque (1 984 ). Rece­

ntly Chat terjee a nd Choudhury (1 989 ) have fu rther investigated 

some a spects of nutritional ecol ogy and biol ogy of the spe cies 

on h ost plants like castor, groundnut, beans , jute, sesame and 

sunfl ower. 

b . Ene rgy budget and nutritional ecol ogy. 

Sorr- '- idea o n ecol ogy and bioenergetics of ~. crenulata 

can be obtained fror.' works of Senthamizhs el van and Murugan 

(1988 ). Info rmation o n energy metabolism and ecol ogical effici ­

enc ies of £. obl i q ua is s cant . Kumar (1 983 ) has publ i shed o n 

t he c o nsumpt ion and utilizat i on of h ost by this arcti i d on live 
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weiqh t basis. Subsequent.l '' Goe l ~nd Kuma r (1 985) doc umented 

a Lela t i onship among food consumut ion , r esp iration and b ody 

we ight of the species. Dry matter budget o f 2• casigneta o n 

sun f l ower leaf have been investigated by Banerjee and Haque (1 984). 

Slansky (1990) has emphasi s ed the study of insect nutri tional 

ecology as a basis for studying h ost-plant resistance (HPR). 

In a similar work, Krishna (1987) has d ocumented pronounced 

disparities in the reproductive performanc e of adult moth s as 

a result of larval food quality. 

c. Insect-weed-crap interaction : 

The role of grasses and othe r weeds as an original 

o r alternate source of insect pests can no t be igno red 

(UVarov, 1964). Van Embden (1 965) c ited a number o f weeds or 

wi l d plants as a host of crop pest o r disease. Similar findings 
g 

f o r weeds as alternate or alternative h n sts have .been reported 

f or a c r i d i ds (Mee ra, 1982; Ananthakr ishnan, 1992). Some c ompre-

h e nsive r e : o rts with regard to insect-weed-crop interact ion 

are f r nm Ananthakrishnan et al. (1 986) and Ananthakrishna n (1992 ). 

Halfh i l l et al. (1984) have do cumented how a species o f a ph i d 

ove r winters using asparagus fern a s host. Stro ng a nd Leve in 

(1 9 79 ) stud i e d that the t otal number o f i n sect s pe c ies as sociated 

with any plant is mo re a function o f .ecol ogic a l f act o r . In light 

of this , Hendrix (1 980 ) p r op o s ed t ha t ho st p l a nt switch i ng 

r athe r tha n slo w e volutions of fern f eeders account for t he 

pre s e nt insect fauna o n f e rns. 

J 1f't"''l j 
- _l '-' 0 ..1. 

2 1 c-EP 
.... ,. •*' 

... ' 



16 

Interpatch migrat : ' n of insect i s demonstrated by 

Solbreck and Tullberg (1990). A comprehe nsive account of the 

importance of migration in 'Ins ect Life Cycles 1 is also 

available from Solb reck et al (1990). That certain weeds also 

serve as reservoirs of alternate h osts and prey for natural 

ene mies , have been highlighted by works of Hemenway and 

Wh itco mb (1 96 7 ), Flaherty (1 96') Perrin (1 975) and Doutt & 

Nakata (1 973 ).In recent years Somchoudhury and Dutt (1989) 

reno rted infestation of Diacri sia eggs by Trichogramma 

iii. Add itional references, books and manuals : 

Besides the above s pecific literatures, s ome of the 

more generalised publications that were found useful in 

conne ction with the study of the species (two arctiid and 

one a cridid) are as follows :-

Mathukrishnan and Pa ndian (1 987 ) in a compre hensive 

approa ch pub lished the article on insect energetics in the 

b ook "Ani ma l Ene rgetics ". Ano ther useful book on "P roductivity 

of terrestrial ani mals, p rincipals and methods " is by Petruse-

wicz and Macfadyen (1 970 ). Scriber and Slansky (1 981) p ubl i shed 

a revjew arti cl e on nutri t imnal eco l ogy of immature insects 

f ol lov.ed by the article on "f ood c o ns u mption and utilizatio n" 

in the "Comprehens ive insect physioln g y , biochemistry and 

nhan-acoloqy " (Sla ns ky a nd scriber, 19 85 ). Some articles o f 

gene r al i mportance on nut ritidmal ecol ogy of insects are from 

Slansky (1 9 8 2 ) on "Insect . nut rit i o n : An adaptationists 
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perspect ive ", Sl i.:i nsky and Scriber (1 982 ) on " A s leected 

bibilography and s ummary of q ua nt itative food utilization 

by immature insects ". A well d iscus sed a rticles on quanti­

fying and comparing food consumption and growth in insects is 

available from Fa rrar et al. (1 989 ). Sla nsky (1 985) published 

a u seful art icle on food utili zation by ins ects inte r­

pretatio n s observed between dry weJght and ene rgy e ff ici­

e ncies. The book "Nutritional ecol ogy of insects, mites , 

sp iders and related invertebrates " edite d by Sla nsky 

and Rodriguez (1 98 7) is highly informat ive . Some related 

literatur es o n comp e nsato ry feeding and g r owth response 

of caterpilla rs are from Sl a nsky & Whe e l er (1 992 a,b). An 

article by Sla nsky (1 993 ) in the book "Caterpillars 

Ecological and Evolutionary Constraints o n foraging 11 

provides a deta iled dis c ussion o n the fundamental q uest 

for nutrients . The over v iews on allelochemic-nutrient 

i.nteractions in h e r bivore nutritiona l ecolog y (Slansky, 

1 99 2 ) and a re sponse of gene rali s t and specialist insects 

t o q uan t i tative allelochemica l variation (Bowers and 

P u.·ttick, 1988 ) deal at l ength with the rol e of allelo­

c hemicals on insect performance . Barbosa et al. (1990) 

indicates the defensive role of foliage allel o chemicals. 

Some of the valuabl e articles on p l ant-animal 

relatlonship a re avail abl e from ed i ted books by Harborne 

(19 78 ), Vi s ser and Minks (1q8?. ), Bratt s ten and Ahmad (1 986 } 
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Anc. nthaki i sh nan (1 of) 2 ) . 

Li t.er2 ture con:;c l ::..cd i n oLh!·r w rcas 1 ik.-; biochc:nistry , 

statistics, softwa r e e tc . h ave bee n mp ntione d under the 

section 11 ~b. tc r ia l s an 1 !·1ethods 11 

In scanni nq th(• vast litorutur c :u nually fro m 

a v a i l abl e abst r a cts , r ep rint s , anC. hooks , so~ne inadvertant 

l apse s and sl i Ds are 90 s s ible , but ~ost of the lite rature 

the nrese nt wnrk . 

' ' . 
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· Fig . 6. Hypothetical s urvivorship curves . 

(Afte r Pearl 1928) 
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Fiq . 7a . Na t ural a ppea ran c e of f e rn sp e cies 

(Diplazium e s c u l entum. 

Fig . 7b . Na t u r a l oc cu r rence of fern spec ies 

Ch ri stella crinip e s . 
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Fig.Sa. Natural occurrence of Microlepia 

spelunceae. 

Fig.Sb. Natural occurrence of fern species 

Lindsea ensifolia. 

Fig. 9. Natural occurr€nce of fern species 

Dicranopteris linearis 
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