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4: ~ATERJALS AND r' ETHODS 

i. Survey of fern f l or·a : 

To mark the area that constitute the foothill and 

plain of Darjeeling district (Fig.1) hel p of deta iled maps 

and information were taken from a District Census Handbook 

(Ghosh ,1 ~81 ). Using the accessible r oad maps , surveys were 

c o nducted across the Dar jeeling plain i . e . areas unde r the 

police s tations of Siliguri, Phansidewa, Khoribar i , Naxal­

bari, and Kurseong (Fig . 2 ). Over a period of four years 

(1 989-1 992 ), random searches were made to prepare a li~t of 

t he available terrestrial ferns. Ferns were col lected in 

polythene bags and brought to l aboratory where they were 

poisoned for preservation and pressed for herbarium sheets 

following tech niques of Dwivedi and Singh (1985 ). These 

specimen s were l ater sent to Botanical Survey of India , Calcutta 

f or ide ntification. 

A survey was al so undertake n wi th a special eye to find 

out the frequency of occurence of fern snecies in patches of 

fern veget ation. It wa s done in a random manner c overing by 

and large the cro ss · sections of the afo resaid stations. The 

transect method was a dopted using a r ope of l ength 15 m. 

(Michael, 1984). Sampling was done from every 3 - 5 Km. depen­

ding upon the avail a bility of fern patches . The rope marke d 

off in metres wa s l aid across the obse rvation site . The 

presence or absence of the fern species (Fig .. . 7 ·a- 9 ) were 
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recorded o n the basis of four transect readings at each 

patch . The percentage f r~quency wa s calculated using the 

f o rmula:-

% Frequency = 

No . of transects in which the s p e cies 

or structural t ype occ ured 

Total No. of transects 

ii . Monito ring and collection of fern associated insects : 

Th e more 2.p~)arent fern species that constituted the 

ma j o r terrestrial fern flora were taken into conside ration 

for studyi ng the fern entomofauna. Random fortni ghtly s urveys 

were done f o r four years (1 989-19 92 ) to collect the fern insects. 

Collection methods like hand picking, beating, sweeping and 

siphoning by aspirato r were done . Hence, it may be as s umed 

that all the tyPes of insects i.e. whether true feeders o r 

not , roosters and temporary v isit ors might have been included 

• 
in the collection process. Only the insects associated with the 

above-ground part of the sporophyte o f a ll ages (young, 

middle, s oorulating and senes c ent ) were closel y obs erved. 

The collected insects were brought to the labo ratory in 

polythene packets and containers and poiso ned in a killing 

b ottle . Hard bodied insects were p inned, mounted, o ven dried 

and prese rved in collection boxes . Soft bo died ins ects were 

pres erved in 70% al c ohol . Egqs and im~1ature f o rms c ollected 

in fie ld were bro ught to the laborato r y along with the ho st 

plant and we r e reared t o a dult stage f o r identification. The 

identification of s 9 ecimens were mostly done with help of 

autho rit i es l ike the zooloq ical survey of India, (Ca lcutta), 
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Indian ~ricultural Research Institute (New Delhi), 

and some competent authorities . Those distinct species 

that could not be identified has been kept as 'in det' 

and denoted in the list as s pecies A, species B, etc. 

Some insects suspected parasitised in nature were kept 

in laboratorv for emergence of parasito ids . During the 

course of survey, t h e c rops growing adjace nt to the patches 

o f ferns were obse rved for any common species that could 

be recorded on both the vegetations. For sor~e of the 

• 
insects that were more frequent , a study on their seasona-

lity of occurence o n specif i c fern h ost were noted. Fie ld 

notes on those insects were taken that appeared to be o f 

interest. 

iii. Host-plant preference : 

Eg gs of §. oblioua were collected fro m jute f i e l d s vJh il e 

t he eggs of §. casigneta were col lected fro m the fern 

vegetation. Eggs of ~. crenulata were col lected from 

culture k ept on fern host . After the emergence o f t h e 

arctiid l arvae and t he acridid n~phs , two sets of e xperi-

me nts were done with each spec~es of pests selected f or 

study. Labo ratory rea red individuals of §. obliqua, 

§. casigneta , and ~. c r enulata were used for the purpose. 

Ho st p l ant prefe r ence experiment s were conducted using t e n 

specimens at d ti~e for each stage o f a species and each 

t est was repeated thrice . The larval stages f o r t he two 

lep idopteran species were u s ed under two categories: 
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i. the e arl y instar rep r es2 nted by III s t a ge larva and 

ii. advan ced instar represented b~r V stage larva . 

For A. crenulata t he three categories were:-

a) t he early instar renresented by the III stage nymph 

b) the advanced instar rep resented b y the V stage nymph and 

c ) the adults . 

Each category u s ed, ·were starved fo r four hours , and not any 

longer t o a void emaciation and death out of starvation. 

In the first set of experime nts , five of the more apparent 

ter restrial ·ferns species , i.e. Diplazium esculentum (Retg.) 

sw., Christella cr i n ipes (HK ) Hol lt., Lindsea ensifo lia Sw., 

Microlepia speluncae (L.) Moore . and Dicranopteris linear i s 

(B rum. f)Underus were c hosen as f ood plants. Fresh and midj le 

aged fern fonds of a ll the five species we r e provided to the 

insects. To maintain tu rgor pressure and prevent wilting, the 

petiole of the fro nds were kept dipped in wate r in a 150 ~1. 

c o n ical flask. The whole s et-up was kept in a plastic container 

with a per~orated lid . Eac h category of the expe rimental insect 

we re released in the central p l ace and allo,.-.red t o f eed freely 

for 24 hours. Xe rox c opies of t he fro nds were made before and 

after feeding. 

In t h e second set of experiment, in order to unde r s tand 

the choice exercised by each category bet ween the mo st prefer r e d 

fern s pecies and the angiospe rmic crop p l a nt, a similar e xperi­

ment as above was conducted usi ng the two food plants in quest ion. 

£. escul e ntum and Corchorus c apsularis L. f o r 2· obliqua; £. 
..l • /' -
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esculentum and Morus _in'lica L. f o r §., c a signe ta; and f. 

crinipes and ~ capsularis for ~. crenulata~An a pp r oximate 

assessment of the food preference was made with some modi­

fications after Hendrix and Marquis (1983) using the extent 

of leaf blade (pinna) of the host plant consumed or damaged. 

Th e formula applied for calculating the consumption 

of leaf in terms of area was :-

A 

Leaf area consumed = X 1 00 

B 

where, A = total a rea of intact leaf blade 

B = total area of leaf blade eaten. 

The thickness of the leaves and other cuticular structures 

have not been considered f o r simplicity of calculation. 

iv. Pos t e~bryonic developme nt : 

Observation s on stadial periods and number of instars 

were made in laboratory during the season of a vailability 

of eggs adults of the three species, ~. obliqua, §.casigne ta 

and~. crenulata o n the respective eco nomic hos ts.! Eg gs of 

~. crenulata laid under soil were collected fro m lab . culture . 

The study was conducted in an env ironment chamber kept at 

27° C! 1°C, 80°! 5% R.H. under L :D 1 2 hours e a c h. T wenty 

five individuals were reared in g r oups of f i ve. Each gro up 

was kept in sterilized p last i c co nt ainer s measuring 22 ems X 

11 cm s .clo s ed with finely p e rforat ed lids . Pa ral l e l mas s 

culture o f the s pecies were al so mainta ine d t o g i v e repl ace-

ment to individuals dying in course of the study . The cont a i-

ners were regularly cleaned f o r proper sanitatio n a nd whenev er 
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fel t neces s ary fre sh s t e rilized c o ntaine r s were used. 

Fresh food (fro nd l e af) in su f ficie nt a mount were provided 

tw i ce a day with their petioles dipped in water t o prevent 

wilting. Ch ange in insta r was noted everyday b y d e t e cting 

head cap s ule or e xuvium. 

For t he ho lometabolous f o rm i. e . §. obliq ua a nd 

§. casigneta the pupae were als.o observe d unde r the a bove 

cond itions till eclos i o n. The l o ngevity of the a d ults was 

r ecorded . For ~. crenulata t he a d ult l o ngev i ty wa s observed 

wi t h the f ood a nd conditions a s t hat of t heir nymphs . 

v. surv ivor s hip s tudy : 

s u r v ivo r sh ip :-tudies were d o ne fo r i~nature stages 

unde r labo rator y c onditio ns a s me n t i o ne d earlie r. Rea ring 

cages measuring 40 em X 30 em X30 e m we r e u s ed. I n ea ch of the 

obse rvat ion 100 i ndividuals of newl y hatched l arvae were reared 

separate ly in s mall batches . Observat i ons were made both o n 

f e rn and the econom~host plant f o r all t h e species , at a time 

interval o f 48 hours (X). The number of l arvae surviving at each 

a ge i nt e rval (nx), a nd also t he number of la rvae dying 

'dth in the age interval (dx), and t he ave rage n umbe r of 

individuals alive during a p art icula r a g e interval (LX ) , were 

noted and calculated. The rate of mortalitY (qx ) and mea n 

expectation of further life for larvae aliv e at start of 

an age (ex) were also computed afte r Kr ebs (1 978 ). For 

c omparison of the obse r : e d s urv ivo r ship curves, a figure 

with th r ee hyPothetical situa t i o ns was adopt ed f r om Pearl 

( 1 0 2 8 } .Cf'ig. 6] 
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VI. Reproduc~ ive performanc e : 

T e n nai r s o f f r e shl y eme rged i ndividual s O:btin ined 

f rom cul tures rea r ed on ~pec ific host p l a nt s we r e kept in 

se pa rate c o nt a i ne r s under t he aforesaid labo r atory c o ndi­

tions t o observe t he f e c undity a nd hatchability of the eggs 

l a id by ea ch )d i !.- . F resh frond l eaves were provided f o r egg 

l a ying t o b oth the species of a rctiid moths , a nd 4 em thick 

mo i s t soil was provide d in a pet r idish i n s ide the plastic 

c ont a ine r for unde r g r o und l aying by t he acri did species . 

P r e- , postovip os itio n and the e gg-l aying p eriods were 

a l so ob~erved . 

VIJ. Body weight a nd ma ss bud get: 

Bo d y we i ght of the immature s t ages, pup a e , and newly 

e me rged a d ults and fa c eal matter were recorded after drying 

t he m i n an oven at 5 0 °C t o a co nstant wei ght . Onl y freshl y 

e cdys ed larvae / nymphs were taken fo r initial dry we ight 

t o a void p r ese nce o f a ny ingeste d food s tuf f . Weight o f 

e xuv iae and p upal cas es were a l s o cons i dered for finding 

out the f i nal body weight o f t h e ins t ar . Dry wei gh t of 

food con s umed wa s determined b y s ubtrac t i ng dry weigh t of 

l eaf a fte r c o n s umpt i o n from the dry weight of an e quiv a l e nt 

inta c t l eaf of s a me a ge. The nutri t ional budget was calcul ated 

u s ing f ormulae o f Wal dba ur ( 1 9 6 8 ) and I . B. P . formula aft er 

Petrus ew i ez and Ma.c Fadyen (1 9 70 ), t-"uthuk rishnan and Pand ian 

( 1 98 7 ) a nd Fa r r ar et a l . (1 989 ) . The estirr.ation and calcula-

tions of the nutr i t iona l ind ices and budget were done on a 1ry 
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mass basis . Units u sed : weights in mg; time in days; 

and efficiencies in percent. 

a. Assimil at i o n (As) = Food cons umed (C) - Faeces (Fu) 

b~ Produc tion (P) = Final body we i ght (W 2) - Initial 

body weight (W
1

) 

c. Respiration (R) = As -- P 

d. Maintenance cos t = R/P 

e. Production index = P/A 

f. Assimil a tion efficiency (Ase) 

=As 
c X 100 

g. Gross p roduct i on (g rowth) efficiency (Pe
1

) 

= __!:_ X 1 0 0 
c 

h. Net p roduction (growth) efficiency (Pe
2

) 

= __ P_ X 1 0 0 
Ase 

i. Relative consumption rate (RCR) 

· c 

BA X T 

j. Re lative growth rate (RGR ) 

p 
= 

BA X T 

where , BA = arithmetic mean of b ody weight of a stage 

and 

T = f eeding period i n days. 
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VIII . Analysis of some dietary components of fern and 

crop pla nts: 

a. Preparatio n of dry l eaf powder : (Banerjee and 

Haque, 1985)Middle aged fronds of five fern s p ecies and 

leaves of jute and mul berry were collected from the fields. 

These were shade dried for 24 hours and finally oven dried 

at 50°C for 48 hours . Later the leaves were crushed to 

fine powder in a grinder and kept in sealed polythene 

packets in a desiccator over fused calcium which were 

given a specific code for each tyPe. Most biochemicn l 

estimations have been based on atleast three replicates 

unless othendse mentioned • 

b . Storage protein 

1951 ) 

EXTRAcrJON 

(Draper 1 9 76 

i) The dried leaf powder (5 00 mg ) wa s extracted 

with 5 % K
2
so4 and fi l tered after three hours. The 

filtrate was used for the estimation of salt s oluble 

proteins i.e. albumin and globulin. 

ii) The residue was then ground with 70 % ethanol 

and kept at 50°C for 4-5 h ours and then filtered wh i le 

hot . The filtrate wa s used for the estimation of prolamin. 

iii) The residue wa s again treated with . os ~)NaOH 

in 50 % (V /V ) ethanol f o r three hours and filtered. The 

filtrate wa s used for the estimation of glutelin. 
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ESTIMATION : 

An 'alkaline solution • was prepared by mixing 50 m1 

of alkaline Na 2co3 s olution (20g/ l Na 2co 3 in 0.1 rno l / HlaOH ) 

a nd 1 ml of Cuso4- sodium patassium tartrat e solution 

(Sg/ 1 Cuso
4 

SH
2

0 in l Cg / lNaK tartrate). 

Srnl of the alkaline solution was added to 1 ml of the test 

solution, mixed thoroughly and allowed to stand at r oom 

temperature for 10-15 minutes. 0.5 ml of diluted Folin­

Ciocalteau reagent (1:1) was added rapidly with i~ediate 

mixing. Reading was taken in a spectrophotometer (Sys tro n ic 

Model No . 106) against an appropriate blank at 750 nm after 

30 minutes. BSA was used as standard. The quantities o f t he 

above classes of proteins were added to give total dietary 

protein in mg/g. 

c . Nutritive Carboh ydrate : (Anantha k rishnan,1990 

Plumn'er 1979) 

EXTRACTION : 

Drie d leaf powder wa s initially made fat free by 

u s ing petroleum ether and filtered. The residue was taken in 

8~ ethanol and heated in a water bath for five minutes . The 

extract was then blended with ch%omic acid treated sand and 

squeezed through a thick muslin clothe The residue wa s re­

extracted for 5 minutes, cooled and squeezed aga in. The 

total extract (filtrate) wa s used for estimation of mono- and 

oligosaccharides. Thi s was followed by treatment of t he 

residue with HCl and heating for hydrolysis of starch. 

The filtrate was used fo r e s timation: 
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ESTH1ATION : 

The above filtrates were initially made protein 

free to avoid interference and to obtain better results. 

For dilution 1.5 ml of water was adde d to 0 .1 ml of test 

solution. Th is was followed by. adding o. 2 ml of BaOH and 

0.2 ml of aqueous znso4 solution with thorough shaking 

and finally centrifugation. The supernatant was used for 

the esti~ation. To 1 ml of protein free test solution was 

added 4 ml of antrone reagent (2 gm/1 in concentrated H
2
so4 ) 

and mixed rapidly in glass test tube. The tubes were placed 

in a boiling water bath for 10 minutes with a marble on 

top to prevent loss of water by evaporation. This ~s 

followed by cooling and r eading the extinction at 620nm 

against a reagent blank. CH ucose was used as standard. 

Mono-, oligo-, and polysaccharides (starch) were added 

to give the total nutritive carbohydrate in mg/g. 

d. Total lipid : (Ananthakrishnan ,1990) 

The extraction and estimation of a total lipid in 

the dried leaf powder was done by gravimetric method. 

500 mg of the leaf powder was ground with p etroleum ether 

and filtered in a previously weighed glass tube. The 

residue was homogenised again with petrol eum ether and 

filtered. Five such repetitions were done . Th e filtrate 



was p laced in an oven at 5 0°C f o r c ompl ete evapora t ion. 

Th e test tubes were reweighed and the difference in 

weight gave an a ccount of the lipid present i n mg / g . 

e. Total phenol:(Ananthakrishnan, 1990 

EXTRAcriON : 

Dried leaf powder (fat free) was taken in 80% 

ethanol. The extract was taken in a hot water bath f o r 

five minute s followed by blending with chromic acid 

treated sand and squeezed thro ugh a t h ick musl in c l o t h . 

Th e residue wa s reextracted for five minutes, c ooled 

and sqeezed again. 

Esr n (ATION : 

0.1 ml of the test s o lution was made upto 1 m1 

with the a ddition o f distil led water a nd 3 ml of water 

was added f o r f urther dilution. 0.1 ml o f Folin reagent 

( 1:1 ) was added foll o wed by add itio n of 1 ml of saturated 

Na
2
co3 s olutio n after 10 minutes . Th e r e ad i n g was taken 

3 0 minutes l ater at 660 nm. Quantjty was e xpr essed i n 

percent. pyrogal l o l was used as s t anda rd. 

f . So l ubl e and c o nde nsed tannin 

Bate- smith , 19 73 ; Swa in 1979 ). 

EXTRAcriON 

(Harbor11e 1973 ; 

A me thanol extract was p repared b y treat i ng 5 00 mg 
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of leaf powde r with hot 50% aqueous methanol. The residue 

obtained after filtrat ion was u sed for further extrac-

tion. 

For the estimation of solubl e tannin, known v olume 

o f extract was mixed with an equal volume of fresh s ample 

of diluted human blood (1:50 with water ). The mixture was 

centrifuged to remove the tannin-prot ein precipitate. The 

residual haemoglobin was d e termined by its abs o rbance 

at 578 nm. and from this the TAE (tannic acid equivalent) 

in percent calculated. Tannic acid was used as standard. 

The condensed tannin wa s estimated by concentrating a 

known volume of extract t o 1/ 3its volume by heating with 

n-b utanol containing 5 % cone. HCl (0 . 5 ml extract with 

4 ml reagent ) f or two hours at 95°c. The absorbance was 

then measured in a spectrophotometer at 545 nm (for 

cyanidin ) and at 560 nm (fo r d e lph i n idin). catechin was 

u sed as standard. Quantity wa s expressed in percent. 

g . Non-extractable c omponents : (Rowell et al . 1983) 

500 mg of l eaf powder wa s s uccessivel y extracted 
0 

with chl nrof o rm ether ( 3:1), 80% methanol and then hydro-

0 lyzed with 3% H
2
so4 at 100 C for thirt y minutes . The r e sidue 

was then dried to cons tant we ight and the we i ght was 

recorded and express ed in p e rcent . 
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h. Mo i s tur e e s t i fT'at ion : (Anant h akrishnan , 199 d ) 

Tt1e amount of mo i s ture in the fre s h l e a ves / 

frond~ was determined by wej gh ing a kno wn we ight of 

fresh plant ma t erial . Th js wa s kept a t 5 0°C i n a n 

i ncubato r till a consta nt we ight wa s obtained . The 

difference b e twee n the in i tial and fina l weight gave 

a n est ima t e o f the mois t ure content in p e rcent. 

i . statistical c a l cul atio n s a nd compute r s o f t ware: 

The e s s ential statist ical calcul a ti ons wer e 

done using s tanda rd me t hod s a vailabl e from Daniel (19 74 ), 

Bailey (1 985 ) , Pa l ani Chamy and Ma noharan (1990 ) and 

cal culator model Ca s i o Fx 8 2c. Computer software used 

f o r drawing g r a phs were b ased on p rog rammes o f HPG 

(Ha rva r d presentation g raphics ). The prog ramme wa s 

obtained f r om Univer~ity Computer Centre and Comme rce 

Department o f t he Un iver s i t y . 
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Tabl e I Terrestrial fern species of Darjeeling 

p l ain a nd t he ir coll ection spot·s . 

Fern s pecies 

1 . Blechnum orientale Li nn. 

2. Chris tella appendiculate (Pr) Holt 

* ·3. ··c hri stella aridus (Holt) 

4 . Christel l a c rinipes (HK) Holt 

5 . Chri s tella parasiticus (L) Holt 

6 . 

7 . 

Cyathea spinulosa Wall Hoo k 

* Diplaz ium e sculentum (Retg )S\v 

* 8. Dic ranopteris l inearis (Brum. f ) 

* 9 . ' Lindsea ensifol ia sw. 

10. Lygodium f l exuosum (L.) Sw 

11 . Macrothel yot eri s 

torr e siane (Gaud) Ching 

Co l l e ct ion spots 

Kalahari 

New Chumpta,N. s.u. 

Bengduhi : 

New Chumpta, N.B.u. 

Chandmani,Dwara, 

Kal ahari. 

panighatta, N. B.u. , 

Bengdub i . 

Ben gdubi 

New Chumpta, N. B. u., 

Chandmani , Kalahari 

Atal , Bengduhi 

Kalahar i . 

Kalahar i , Chandmani 

Kala har i , Patramj ut 

•• contd •• 



Tabl e I continued 

Fern species 

12. Micro l ep ia speluncae (L. ) * Moore 

Co llection spots 

Patramjut, Kalahari 

13. Onichium s il icul osu·.. (Desv ) C. Chn. Kalahari, Bengdubi. 

14 • . Pityrogramma c alomelanos (L. )Linx. 

15 . Pteris l aiaurita Linn. 

16 . Pteris s i mipinnata Linn.1 

17. Pteris vittata Linn. 

18. The lypteris s p . 

* Commonly occurr ing fern species. 

Bengdubi, Kalahari 

New Ch umpta. 

Bengdubi 

Kala hari, Kamalpur 

Bengdubi, panighatta 

N. B. U. 



Table II Frequency of five apparent fern 

species occurring in patches 

FERN 

Diplazium 

esculent urn 

Christella 

crinipes 

Micro lep ia 

speluncae 

L indsea 

ensifolia 

Dicranopteri s 

l inearis 

FREQUENCY OF 

OCCURRENCE 

(%) 

71.95 

57. 92 

2 3.17 

10.36 

3 . 65 

INSEcr 

HERBIVORES 

(%) 

87.50 

43 .75 

6. 25 

0 

0 



Table III ~ I n sects a ssoc iat e d with f e rns 

o f Darj e e ling p l a in 

Insect na me and Order 

LEPIDOPTRA 

1. callop istria placodo ides (Guen.) 

2. Prodenia litura (Fabr.) 

3. §podoptera mauritia (Bo isd) 

4. . Eriopus sp. 

s. §Pilarctia casigneta (Koll. ) 

6.- ~ilarc:tia obliqua (Wlk. ) 

7. §pilosoma sp. 

8. Diacrisia punctata (Moore) 

9; Nacoleia vulgalis (Hampson) 

10: P,sara u s tulalis (Hampson) 

11. Amata cyssea Crame r 

12. Microlepidopteran s p. (indet) 

COLEOPTERA 

1. Anthicus sp. 

2. Chrysolin c;. inconstans Wied. 

3 . Asp idomorpha dors a t a (F • ) 

4 . AsEidomorph a n r indica Boh. 

s. Aspidomorpha s ancta e c r ueis (F • ) 

6 . HQplasoma unico lour (Iu) 

Fami ly 

~ 
Noctuidae 

11 11 

1111 

1111 

Arctiidae 

tilt 

1111 ... 
pyralidae 

"" 

Ctenuchidae 

Ant h icidae 

Chrysomelidae 

11 11 

1111 

1111 

11 11 

•• ••• contd. 



Tabl e III c ontinued 

Insect name and order 

7. Manoba sp . 

s. Monol epta sp . 

9 . Altica sp . 

1 0 . Aphariiptera sp. 

11 . Afissa dumerili{Muls.) 

1 2. CrYQtogo nous quadrigut t atus 

13. Nanophyes sp . 

14. Alcides s p . 

15 . Astycus l ateralis (F) 

16 . Myllocerus di s c o l our (Boh ). 

17. Phytoscaphus sp . 

18 . La gr ia sp . 

19 . Species A {indet} 

HEMIPTERA 

1 . Macromyzus sp . 

2. Tinocallis himalayensis 

3. Cl ov ia conife ra (Walk) 

4 . Typhl ocyba sp . 

Family 

Chrysomelidae 

II II 

II U 

Bup restidae 

Coccinellidae 

II II 

Curculionidae 

II II 0 

II II 

II II 

.. It 

Lagridae 

Elate r i dae 

Aphididae 

II II 

Cercopidae 

Cicad ellidae 

••• contd •• 



Table III continued 

Ins ect name and order 

5. Bathrogonia ferruginea Fabr. 

6. penthmia juno Dist 

7. Gargara robusta (Dist) 

s. Homoeocerus sp. 

9. Cletu~ b ipunctatus Westw. 

10 . Leptoco risa acuta (Th~Db) 

11. Spilostethus pandurus militaris (Fabr ) 

12 . Graptosteth us trisignatus Dist 

13. Agonoscelis nubila Fabr. 

14. Erthesina guttata (Fa br) 

15 . Eusarco c oris ventralis Westw. 

16. Dysdercus koenigii (Fa br) 

17. Iphite limbata stal . 

18. Chrysocoris stollii (Wol ff .) 

19. Species A (inde t) 

20 . S~ecies B (inde t) 

HYME NOP'l'ERA 

1. stromoboceros congener knw. 

2. Apanteles sp. 

3. Species A (inde t) 

4 . Species B (inde t) 

Family 

Cicadellidae 

II II 

Membracidae 

Coreidae 

u u 

0 

It M 

Lygaeidae 

.. .. 
Penta tomidae 

" .. 
II II 

pyrrhocoridae 

.. .. 
Scutellenidae 

Miridae 

.. .. 

Tenthredinidae 

Braconidae 

Ichneumonidae 

Chalcidae 

••• contd ••• 



Table III continued 

Ins ect name and order 

ORTHOPTERA 

1 . Atractomorpha c renulata (Fabr.) 

2. Phlaeoba pante li (Bol i v ar ) 

THYSANOPTERA 

1 . Heliothr ips h aemorrhoidalis (Bouche ) 

2. Elaphrothri~s s p . 

DI PTERA 

1 . Exo ris t a s p . 

Famil y 

Acrididae 

.. " 

Thripidae 

Phla eothripidae 

Tachyn idae 

0 



Table IV Familial distri bution of fern 

associated insects 

Order/ Family 

LEPIOOPTERA 

Noctuidae 

Arctiidae 

Ctenuchidae 

Pyralidae 

COLEOPTERA 

Anthicidae 

Buprestidae 

Chrysomelidae 

Coccinellidae 

curculionidae 

Lagridae 

Elateridae 

HEMIPTERA 

Aphididae 

Cercopidae 

Cicade llidae 

Membracidae 

No. of 

genera 

4 

3 

1 

2 

1 

1 

6 

2 

5 

1 

1 

2 

1 

3 

1 

No. of 

species 

4 

4 

1 

2 

1 

1 

8 

3 

5 

1 

1 

2 

1 

3 

1 

Ordinal 

total 

• • • 

••• 

• • • 

11 

... 
• • • 

••• 

• • • 

••• 

••• 

20 

• • • 

• • • 

••• 

••• 

• • contd ••• 



Table IV continued 

Order I Family 

Mi ridae 

Coridae 

Lygaeidae 

Pentatomidae 

Pyrrhocoridae 

scutellenidae 

HYMENOPTERA 

Braconidae 

Chalcidae 

Ichneumonidae 

Tenthredinidae 

ORTHOPTERA 

A~rididae 

THYSANOPTEAA 

Thripidae 

DIPTERA 

Tach inidae 

No. of 

genera 

2 

3 

2 

3 

2 

1 

1 

1 

1 

1 

2 

2 

1 

No. o f 

species 

2 

3 

2 

3 

2 

1 

1 

1 

1 

1 

2 

2 

1 

Ordinal 

Total 

• • • 

••• 

••• 

••• 

• • • 

20 

••• 

• • • 

. . . 
4 

2 
0 

2 

1 



Table V a Fern infesting species att acking other 

economic pla nts 

INSECT SPECIES 

LEPIDOPTERA 

Spodoptera mauritia 

Spilarctia casigneta 

Spilarctia obligua 

COLEOPTERA 

Astycus l ateralis 

Myllocerus discol our 

HEMIPTERA 

Agnosce lis nubila 

Eusarcocoris ventral is 

THYSANOPTERA 

ECONOMIC PLANTS 

Rice, wheat foliage and millets 

Black gram, s unflower, casto r 

Jute, sesamun, castor, sun­
flower, mulb erry , sugarbea t, 

ladies fi nger, groundnut, p otato 

Tea , mill ets, jute, cotton and 

s unhemp 

Drumstick, rice , wheat, cott on. 

Ber, tobacco, pulses, rice, 

wheat and millets . 

Sesamun 

Heliothrios haemorrho idalis Citrus , tea , coffe e . 

ORTHOPTERA 

Atractomorpha crenula t a Toba c co , s unfl ower, cas t or 

gro und nut . 



Insect species 

LEPIDOPTERA 

Spilarctia casigneta 

.Spilarctia obliqua 

Psara ustulal is 

' Micpolepidopteran sp~ 

callopistria placodoides 

COLEOPTERA 

Anthicus sp 

Aphaniptera sp . 

Astycus lateral is 

Mylloceros discolour 

Weevil (indet) 

HEMIPTERA 

Eusarcocoris ventralis 

Garoara, robusta 

Penthimia juno 

Tinocallis sp. 

Macromyzus sp. 

Mirid (Species A) 

Mirid (Species B) 

JAN FEB ~ R APR ~y JUN JLY .~U3 SEP ocr NOV DEC 

•••• contd •• 



.l"i:i U .l e V .l % ~UUL..lUUt::U 

Insect species 

ORTHOPTERA 

Atractomorpha crenulata 

Phlaeoba panteli 

HYMENOPTERA 

stromboceros c ongener 

Apantel es sp . 

Chal c ids 

Pe rcen t of species occ urring 

JAN FEB MAR APR MA.Y JUN JLY AU3 SEP OCT NOV DEC 

20 20 23;3 16~6 16. 6 33:3 50 33~ 3 20 10 16. 6 16. 6 

: Horizontal bars represent the period of occ urrence of the insects 


