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5 J OBSERVATION AND RESULTS 

I E'AUNIST IC STllDY 

i . Rich nes s of fern species and as sociated 

entomofauna from Dar j e e l i ng plain 

Ter restrial ferns were found to have a fair 

distribution a l ong Darjeeling plain. Eighteen species 

we r e so far recorde d from dive rse habitat . Ferns tend to 

g rO\v most l y as undergrowth of forest in shady area s , 

around pastures , fla nking tea gardens and by the sides of 

water ways and road. Some of the species were commonly 

seen and constituted the major bulk of the a pparent 

sporophytes . The common sight of the genera Christell a , 

Dip l az ium , Microl epia , Lindsea and Dicranopteris as 

disc~ete populations and even a t times in mixed forms in 

oatches, establish their richness in Darjeel ing p l ains . 

The l i .st of fern species (Tabl e I) a l so inc! ude a number 

of no n - apparent species having a l i mited d i stribution. 

The s e non- ap9arent species h ave been excluded in the 

p resent study of fern ent ornofauna .The fern specjes listed 

might have one or more as s ociated insects species , however, 

the nta. jor obse rvation had bee n done on f ive corn_r:1on ferns 

hav i ll\g appa rently a \d ·J e ::::- d i s tribution in this region. 
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ii. Dis tr i bution a nd f reque ncy of occurrence o f 

f ive common fern species 

An eco l o g ical investigatio n to f ind o ut the 

frequency o f oc currenc e of t he f ive most apparent spec i es 

along the Darjeeling plain s h o wed some pattern of 

distribution. A general observatio n in the plain o f 

Darjeeling indicated that five of the terrestrial ferns 

were more apparent and had an extens ive distribution. 

Two of the five spec i es i . e . Dipl az ium esculentum and 

Christella crinipes showed a h ighe r frequency of 

distribution (Table II) . 

iii. Annotated a c c ount o f insect s associate d with 

s ome apparent fern s p ec i e s 

a . Associat ion of insect a nn f ern s pec i es :-

Ins ects were found t o u se fe r n s pecies as 

true ho sts, as alternate host s , as a l t erna t ive ho sts , 

as roost a nd shelter. An e l aborate l ist o f t he i nsects 

found asso c i ated with the fern sporophyte s has been 

provided (Tabl e I I I). Onl y me nt ion of those h ost pla n t s 

ha s be P. n made where a certa i n a ssociation has bee n 

observed. The name of t he host p l ant coul d not be 

provided for t hose i nsects c ollected by s \veep i ng from 

mixe d fern vegetatio n . 
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A list giving fa~il ial d i s tributio n and taxonomi c 

analysis at order, family, ge nera and spe cies l evel is 

also provided ( Tabl e I V) indicating that the s pecies 

of Coleoptera and Hemiptera const i tute the largest g r o ups 

followed b y Lepidoptera , Orthoptera, Thysanopt e ra and 

Hymenop t e ra. 

b . Sp ecies commonl y inv olved in insect~fern-crop 

int e raction : -

An o rthopteran species , At r actomorpha crenulata, 

two lepidopteran s pecie s Sp ilarctia obliqua and Spiltrctia 

casigneta , two c ol eop teran s pecies As t ycus lateralis and 

Myllocero s disco l our, t wo hemipte r a n species Ago noscelis 

nubiia and Eusarco c or is ventra lis , and one thys anopteran 

species Heliothrips hae mor r hoidalis have b een noted ' to 

be common t o crops and e c o nomic p l a nts (Ta bl e V) 

c . Species actjnq a~ ~ redators and narasites 

It r.ad bee n ob::;e rved that a nu:nber of predators 

"3-nd pa r:-as i -:.es I p<u ·as :i.~<- :.ds used t1 'c Ee rn entome>fauna as 

t heir prey host . Th~ sa e ento~ophilgous insect s have 

a l so bee n found to have pot8ntial ity t o atta ck c rop p e sts . 
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Apa ntel es sp . js a well kno wn l arval na rnsitoid which 

b red on the larvae of Spilarctia obliqua (Fig . 10 ) and 

Psara us t ulalis . The egqs of ~. obliaua we re found to 

be parasitize d by chal cids . A species of tach i nid f ly 

was recorded to be a l arva, pupal paras ite of ~. cas igneta 

(Fig . ll). The fe rn aph i d Tinocal lis himalayens is we re 

also found to be para s itized by a hymenopteran. The 

omnivorous predato r Eusarcoco ri s ventralis had been found 

to feed o n the soft bodied l a rvae o f the saw f ly . 

d . Seasonal occurre nce of fern associated insects 

In t he winter months (Novembe r to f-'.a.rch) mos t of 

the fern assoc iated i n s ects were from t he order Coleoptera 

and Hemiptera . Besides thjs , in earl y ,.·inter, some micro-

lep idopteran species and a s u c cies of hymenopteran occurred. 

Spr ing s t a rts in April and vJit'l: the sprouting of fresh 
0 

fro nds that ~ature al o n e with t he onset of monsoon in 

the month of June , a number of l epidopteran, c o leopteran, 

o rthopteran and a h omopt e r an and parasitic hymenopteran 

species become p reval e nt . During rainy s eason, vJhich 

c o ntinues till October , an active o c cur rence of most o f 

the fern chewers incl uding t he sawfly coul d be r ecorded 

(Ta ble VI) . 



F i g . 12a . Intact frond of host Q. escule ntum. 

of ~. obliqua • (befo re feeding/ preference 

test) 



F i g .12a. 



Fig.12b. R ·~r.1aining part of Q.. esculent~m after feeding 

by l ate instar l arvae of § . obligua. 

) 



Fig . 12b. 
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Figo12c. Intact leaves of angiosperm host(~o caps~aris ) 



\ . 

Fig .12d. Remaining part of £. cap~ul~is_ leaves after 

feeding by late instar larvae of ,§. obliqua . 



a . 

b . 

Table VII: Host p l ant preference by Spila rctia obliq ua 

(a,b) calculated i n percentage of leaf area 

consumed I insect/ hour. 

stage 

Early 
l a rva 

Advanced 
l arva 

J, ..Q.e.scule- ' 
ntum 

0 . 07 

1. 29 

F E R 

c.crini-
~ 

N s 

M. spel---'uncae 

F E R N - A N G I 0 3 P E R M 

L.ensi­
foiici 

~ 

D. line-
ar~ 

STAGE ~- ------------------------~----------------------------~ 

Early 

larva 

Advanced 

l arva 

I 
I D. esculentum 

1. 4 1 

C. caps ularis 

0 . 06 

1.56 



Fig . 13 . Egg s of Spilarct ia obligua on l eaf of 

Co rchor us caosula ri~ • 

F i0 . 1 4a. Early instar larvae of ~. obl igua on 

Dipl a ziu!!l ~cul ent~!!l · 

Fig.14b. Early i nstar l arvae o f s. obliq ua on 

Co r chorus c apsularis . 

0 



F ig . 13 

FiCl . l4a . 



_Fig . 14c . Late instar l a rvae of ~ obl i oua o n 

Q.. esculentum. 

Fig . lS . Pupae of ~. obliqua on Q. escul ent~. 

• 



Fiq . 14c 

Fig . 15 . 



Fig . 16a . Femal e of .§.. obl igua o n £. cap s ularis • 

. F ig . 16b. Male of ~. obl i o ua on f.. caos ula r i s . 



Fig . 16a . 

Fia . l C)b. 
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Fig .1 8a . Rel a tive consumption r ate of different larva l 

stages of ~. obl iqua on g. esculent urn and 

£. capsul aris . 

Fig . 1 8b. Re l a tive growth rate of different larval stages 

of §. obliqua on Q.. escul entum and 

. £. capsularis . 
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Fig . 19a . Compari son o f maintenance cost (R/ p } o f diffe r e nt 

l arval stages of s. obliqua on D. esculentum and 

£. capsul ari s . 

Fig . l 9b . Comparison of ~roduction index (P/A ) o f diffe r e nt 

stages of ~. obliqua on Q. escul e ntum and 

~- capsul a ris . 



Tabl e VIII a . Performance of 2.obliqua on fern (Q. esculentum) and angiosperm (£. caps ulari s ) 
+ hosts (Mean - SO) 

Host 

Pla nt 

Diplazium 

escul e nt urn 

Corchorus 

caosul a ris 

I t 
1 I I I 

! PUpal dry wt (rng) ! AduJ. t ! Adult dry wt. (mg) ! Longevity (days) ~ Fecun-

1 1 
I Male Female , emergence I Ma.le Female , Ma.le Fel'lll. le 1 dity 

I I I 

I ! (%) l _l I 
; 

[ I 

27.54 5 9 . 97 l 27. 08 1 25 . 95 56 . 17 I 6 .1 4 3.94 I 134. 60 
I ~ I 

+ 
- 1 . 26 

47 . 98 

~1. 23 

:!:1 . 01 

9 3. 68 

~1.1 6 

! 1 . 16 ! t . 05 + - 0 . 88 + 1 . 02 I + -5 : : - 1 . ::> ! 

I I _ • I ... ·-- - -----, 
I i 

81 . 33 37.'98 

+o . a2 +1.1 8 

85 . 36 

+1. 25 

7. 88 

~0. 67 

6 . 36 

+o. a8 

l 

+ . - 31 . 5 2 

91 8 . 25 

~3 8. 96 



Tabl e VIII b . Duration (days ) and survival (%) of different stages of 

s . obliqua on f ern (D. esculentum and angiosperm host --- -
(£, capsula ris) (Mean ~ SO) 

f 

stage P-Period • • H 0 S T P L,A NT • 
r 

I I 

S-Survival I D. esculentum l s;;. ca12sulari~ 
I I 

I I 

I 1 - 24 
I 

1 - 21 p 
I I Larval 
I I 

I + 
I 

+ I 1 s 17.46_1.39 I 35.38 0 . 90 
/ 

p ' 25 - 26 I 22 - 23 ' I Prep upa.l 
I • + s I 16.34- 1 . 24 ! 3 2. 84 - 1 . 57 

' i 
p 27 - 36 24 - 33 

I 
Pupal 

+ + s 10.40 - 1 . 61 33 . 36 - 1. 71 ; 

~ 

p I Eggs laid but 0 - 5 ' Egg 
J + s I unretched t 98.89 - 0 . 22 I 

I ._ -~ 



Table !X a : survivorship t a bl e f o r the l a rvae o f 

X 

0 

2 

4 

6 

8 

10 

12 

14 

1 6 

18 

20 

2 2 

24 

26 

28 

30 

n 
X 

100 

100 

10 0 

1 00 

100 

77 

63 

61 

5 8 

43 

30 

20 

1 6 

9 

3 

§ . obl igua on Q. e s culentum 

1 
X 

1. 000 

1 . 000 

1. 000 

1 . 0 00 

1 . 0 00 

• 770 

. 6 30 

• 61 0 

• 5 3 0 

. 4 30 

• 300 

• 200 

. 160 

. 090 

. 0 30 

L 
X 

100 

100 

100 

10 () 

8 8 . 5 
~·a 

6 2 

5 9 . 5 

50 . 5 

36 . 5 

25 

1 8 

1 2 . 5 

6 

1. 5 

8 30 . 0 

730 . 0 

6 30 . 0 

5 30 . 0 

430 . 0 

341 . 5 

271 . 5 

209 . 5 

15 0 . 0 

qq . 5 

6 3. 0 

38 . 0 

20 . 0 

7 . 5 

1 . 5 

e 
X 

8 . 30 

7. 30 

6 . 30 

5 . 3 0 

4 . 30 

4 . 4 4 

4 . 31 

3. 4 3 

2 . 5 9 

2 . 31 

2. 10 

1. 90 

1. 25 

0 . 8 3 

0 . 50 

x = age in days 

n 
X 

= obs erved number of l arvae surviving at s tart of 
a g e inte rval x 

= proportion survi ving at start o f age inte rval 

0 

0 

0 

0 

0 

0 . 29 

0 . 2 2 

0 . 0 3 

o . o5 

0 . 34 

o . 43 

o . s o 

0 . 5 6 

o . 7 7 

2. 00 

= numbe r o f ind i v idua l s a l i v e o n t he a vera g e dur~ng 

the age interva l 

T = i ndividual s X t i~e units 
X 

e = me an expecta t ion o f fu rthe r l ife for l a rvae 
X 

alive a t start of a g e x 

q = rate of morta lity 
X 



Table IX b 

X n 
X 

survivo r s hip table for the l arva e of 

~. ob l i q ua on £. cans u l aris 

1 L T e 
X X X X 

0 1 00 1 . 00 100 922 . 0 9 . 22 0 

2 1 00 1 . 00 100 822 . 0 8 . 22 

4 100 1. 00 100 722 . 0 7 . 22 

6 100 1. 00 1 00 62 2. 0 6 . 22 

8 100 1. 00 96 522. 0 5 . 22 

10 92 . 9 2 8~ . 5 4 26. 0 4 . 63 

12 85 • 85 81.5 337. 5 3 . 97 

14 78 • 78 73 . 5 256. 0 3 . 28 

16 69 . 69 6 2. 0 182 . 5 2. 64 

18 55 . 55 40 . 0 120. 5 2 . 19 

20 43 . 43 ... >::3 . 5 71. 5 1 . 66 

22 34 . 34 25 33 0 . 9 7 

24 16 . 16 8 8 o. so 
26 

x = a ge i n days 

n = obse rved number of l arvae surviving at s tart of 
X 

age inte rval x 

1 = proportion surviv i ng at start of age interval 
X 

0 

0 

0 

0 

0 . 08 

o. os 
o. os 
0. 13 

0 . 25 

o. 27 

0 . 26 

1.12 

L = number of indiv idua l s a l ive o n the average d u ring 
X 

t he age i nterval . 

T = i nd i viduals X time un i t s 
X 

e = mean expec t at i on of furthe r life for l a rvae 
X 

alive at s tart of a ge x 

q = r a te of mortality 
X 

0 



Table X a Stadia l c1ura t j on , c n n :·;umption (C), egest ion (Fu) 

a ~ s imil at ion (As ), p rod uction (P ) a nd respira tion ( R) 

of ~- oblio ua l a rvae rea red on fe r n (Q. esculentum) 

a n d jute (,£. cai?sul c:,rj.§.) ( t·1ean i n mg/larva) 

Pl o. nt 

F ern 

.J t . ..:.e 

Fer.-:1 

. .Jute 

FL-J.l1 

J 1.. i: L· 

Fer:-1 

. .Jute 

F ern 

TOTAL 

Fe rn 

Jute 

'3tadial Instu r 

pe riod 

(days ) 

1 

4 

1 

4 

4 

4 

:~ 

4 

4 

5 

5 

29 

25 

I 

II 

II 
,, 

Ill 

" 

IV 
II 

II 

VI 

" 

VII 

c 

1 . 8 7 

1. 11 

2. 65 

2. t13 

26 . (,(} 

-15 . 7 Fl 

97. 56 

?.12 . 73 

64 1 . 1f 

470 . :J 3 

78 6. 82 

811.1 6 

Fu As 

0 . 11 1 . -;6 

0 . 32 o. 79 

0 . 21 2. 44 

1. 2 7. 1. 70 

0 . 82 5 . 20 

12. 27 7 . 31 

3 • ..-~ 3 ? 2 . 6 7 

23 . 84 21 . q 4 

FJ . q5 55 . 4 7 

56. 57 40 . 99 

p 

0 . 90 

•J . 09 

0 . 1'7 

0 . 59 

o. 78 

2. 50 

5 . 21 

1 2. 26 

10 . 94 

R 

1 . 67 

• 70 

2. 27 

1 . 1 1 

4 . 8 4 

18. 39 

1 6 . 73 

4 3 . 21 

30 . 05 

13 . 96 168. 77 22 . 51 146 . 26 

500 . ~2 143 . 6 1 55 . 0 7 88 . 54 

335 . o n 135 . 53 20 . 31 115 . 54 

394 . 98 391 . 84 60 . 40 331 . 76 

594 . 64 216 . 37 74 . 40 141 . 97 

0 



Tabl e X b : Relative nutritio na l ind ices and ef f iciencies 

o f ~. obligua on fern (~. escul e ntum) and 

jute (f.capsul a ris) hos ts 

Host Inst r 

Plant 

Fern 

Jute 

Fern 

jute 

Fern 

Jute 

Fern 

Jute 

Fern 

Jute 

Fern 

Jute 

Fern 

I 
II 

II 
II 

I II 

II 

I V 

" 

v 
II 

VI 

. " 

VII 

Ase RCR 

94 .1 1 4. 8 1 5 .11 10. 8 7 

71 .1 7 8 . 10 11 . 39 5 . 55 

92 . 0 7 6 . 41 6 . 96 5 . 09 

58. 02 20 . 1 3 34 . 70 1 . 6 2 

86 .37 12 . 95 15 . 00 3 . 20 

37. 41 1 2. 74 34 . 05 2. 47 

85 . 22 16. 09 1 8 . 87 2. 62 

47 . 92 11 . 38 23 . 74 2. 78 

83 . 51 18 . 45 2/. . l n 2. 03 

42 . 0 1 11 . 21 26. 68 2 . 0 1 

79 . 33 10 . 58 13 . 33 2. 28 

22. 29 8 . 54 38.34 2. 5 8 

28 . 80 4 . 31 14. 98 1 . 15 

" 
RGR R/P 

.5 2 18.55 

. 45 7. 77 

. 32 13 . 35 

• 3 2 1 . 88 

. 41 5 . 66 

. 31 1.93 

• 12 4 . 2q 

. 31 3. 21 

. 37 3. 52 

. 22 2. 74 

• 24 6 . 49 

. 21 1 . 60 

. 04 5 . 67 

--- -------

Ase = Assimilation efficiency 

Pe 1 = G·Z~oss production efficiency 

Pe 2= Net production e fficiency 

RCR= Relat i ve consumption rate 

RGR= Rel ative g r owth rate 

R/P= ~-·aintenance cost 

p i A= P roduction index. 

P/ A 

• 05 

. 11 

. 06 

• 34 

. 15 
-.1 • .:> • 

. 18 

• 22 

• 26 

. 13 

. 38 

. 14 
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T T 9JOECOL()f;Y 

A. Spilarctia obl iqua (Arcti ida~ Lcni ·loptera) 

i . Host p l a nt pre f e r e nce 

Food f ind inq and h nst pl ~ nt preference 

experiments of ~. obl iqua on the f ive soecies of f erns 

ind icated that both the early and the late instars of the 

species s howed out and out p ref e r ence for Q. esculentum 

(Ta ble VII a ) . No othe r fe rn species were consulled in 

presence of Q. esculentum (Fiq . 12 a , b ). In a choice between 

the most pre ferred f e rn Q. esculentum, and the ana i ospe rm 

hos t , jute (£. caosularis ), the early instars showed a 

clear choice for the l atter. In the ad~.ranced instars, a 

higher preference f or£. caosula ris s till oersisted (FiQ. 12c, d ) , 

Neverthel ess , a reaso nabl e p r e ference was al s o reco rded f or 
0 

Q. escul t>n_t um by the same l arval popul ation. (Table VI I b) . 

ii . Devel opment an~ nerformance 

~. obliqua f emales laid profusely when reared 

on £ . c aosularis wh ich was about 6 - 7 ti~es t he total cgqs 

laid when reared on Q. escul e ntum (~ig . 13 ). The incubation 

pGrioj of r>gos for u~c adul_Ls r ea r ed on Q. esculenlum 

could no t be ascertained as tltr2v fail~d to h atch . On 

£ . c aosularis the eggs tonk abnut five days to matu re 
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a n j ha t c habili t Y vJas a l mo st. f ul l (Tabl e VJI b ) 

The l arvae of ~. ob l iqua r e a r ed o n Q. escul entum 

required a longe r dev e lopme nt p eriod tha n t ha t on 

c. capsularis (Fig. 14 a , b,c) . The total period 

required for p repupal and pupal d PVPlopP•ent s t a ges ttl b oth h osts, 

were v e rY clo s e . In all the three dPvelop~ental stages 

i.e. larvae, pupae and adults , a hi gh e r percentage 

o f surv ival was r eco rded on £. caps u l a ri s t han t ha t 

on ~. escul entum, on which t h e l a rva e showed an 

add itional ins tar. Although a g r e at difference was 

not observed on the female l ongevity y e t cl early 

a higher longevity in mal es was noted o n £. ca psularis 

than on Q. esculentum (Ta bl e VI I! b ; Fig .~16 a, b ). 

Dry weight of pupae and a d ult females as expected 

were higher thaD that o f mal e s o n bot h h osts. However, 

b oth pup al and a dult vJe i q ht s were h i ahc r o n £. capsular i s 

'~·hen compared to the ones o n Q. escul entum. Almos t a t h ree fol d 

increa s e in adult emergence wa s not ed o n £. caosul a ris 
0 

as compared t o that on ~. escul entu~ (Tabl e VIIIa) 



iii . Survivorship s tudy 

The s urvivorship curv es of the l arvae of 

§ . obl i gua showed no mortality for the first week 

on both £ . capsularis (jute ) and fern hosts . This 

was fol l owed by an increase in death rate till 22 

day o n jute and 26 du y on fern (Tabl e IX a , b) . In the 

last phase i . e . on 24th uay on jute and 28th day .on 

the f ern (Q. esculentum ) there was an abrup t increase 

in t he death rate which was more on the latter t han the 

forme r . In the prepupal stage, the 1 values on jute 
X 

was recorded to be h iqher than that on Diplazium. Hcn .. •ever, 

i n both the s urvivors hip curves , a qeneralised Type I 

(after Pearl , 19 28 ) curve was observed which indicates 

that the p opulation had very little de ath in mos t of its 

early l i fe span and then high l osses in the older stages 

(Fig. 1 7 a, b) • 

i v . Dry weight (mass) budget of larvae on fern 

and jute : 0 

a . Co nsumpt i on , egestion and weight gain 

The degree of consu~ption, fa e ces produced 

and weight gained by the larvae i ncreased in s ubs equent 
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insta rs on both host p l ants (Ta bl n X a ). Th e t ntal 

can:.u l a r i ~. ----
(j ute ) than tha t on fern . Th e t o tal p r oductio n was 

found to be l ower on f e rn a s compa r e d t o that o n jute . 

On fe rn, the relative c o nsumption r a te (RCR ) decreased 

steadily with advancement of l arva l instars . This value 

varied a mong instars when fed on jute (Fig .l Ba). However, 

total · o nsumption of fern (I-VI I instars) was h igh e r 

as compare d to that of jute. Total production o r gro wth 

v1as h i ghe r on j ute but dudnq the additional instar {VJ J ) 

on f e rn, a weight gain of almost 1 / 3 ti~es of t he t otal 

we ight t ook place. A g r adual d e crease in the RGR v!as 

recorded on jute while the va l ues showed variation on 

fern . ( Fi9 . l8b) . 

b. Assimi l a tion and resn ira tio n: 

Total values of a s s imil ation and respiration 

on fern by far exceeded that on jute (Tabl e X a ).In most 

of the instars , the As and R values were higher on fern. 

Mo re than about ha l f the total values of As and R on 

fern were recorded during the VII instar . I n general, 

the cost of maintenance (R/ P ) of the earl ier l arval 

instar wa s higher on both the hosts but it was much o 

more on fern as compared t o one on jute (Fig. l Qa) . 



Fig .20a. Intact frond of fern host Q. esculentum 

of ~. casi9!1!M· 



Figo 20a. 



Fig. 20b. Remaining part of g. escu1entum frond after 

feeding by late instar larvae of s. casigneta. 



"\\ 
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Fig . 20b. 



Fig.·2oc. Intact leaf of angiospenn host 

(tl. indi~) of 2· casigneta. 

Fig. 20do Remaining part of H- indica leaf 

after feeding by late instar l arvae of 

§.. casigneta. 
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Tabl e XI a,b. Host plant preference by Spilarctia casigneta 

calculate d in percentage of l eaf area consumed/ 

insect/hour. 

a . 

b . 

stage D. escul e -

ntum 
-------------r--

Earl y 
larva 

Advanced 

l arva 

Stage 

Early 
larva 

Advanced 
larva 

0 . 17 

1. 29 

F E 

F E R 

c . crini-

pes 

R N - A N G 

D. es<!Ul entum 

0. ·70 

1 . 29 

N s 

111. spel- L. ensi D.l in- : 

uncae folia e ar i s 

I 0 s p E R M 

M. indica 

o. 23 



Fi g . 21 . Eggs of ~- casignet~ on_Q. esculentum • 

. Fig . 22a ( i ). Early i n s t a r larvae of § . ca s igDet~ 

on Q. esculentum. 

Fig . 22a (ii). Skeleto nis ed l eaves of Q. esc ul e ntum 

by l arvae of s. cas i genta . 

0 



F ig . 21. 



Fig . 22b. rv instar larvae of §. casigneta on 

Q.. esculentum. 

Fig. 22c. Late instar larvae of §. ca s ignet~ on 

2. esculentum. 

0 



F ir • 22b . 



Fig . 23a . Earl y instar larvae of ~. ££219~ 

on !j. indica . 

Fig . 23b. Late insta r l arvae of ~ ~igneta 

on ri· indica. 
0 





Fig . 24 . Pupation of ~. casigne t a o n fern 

Q. escul entumL 

Fig . 25a . Female of ~. ca s igneta on_Q. esculentum. 

Fl g . 25b . Mal e of ~. casig net a on Q. esculentum. • 
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Fig. 26b. 
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F ig . 28b. Comparis0n of production index (P / A) of different 

l arval stages of ~· casigneta on Q. escul entum 

and tl. indica . 
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Table XII a. Performance of s. casigneta on fern {~. esculentum) and angiosperm 

{~. indica) hosts (mean ± SO) 

Host Pupal dry wt. (mg) Adult Adult dry wt. {mg) Longevity (days) Fecun-

Plant Male 

.Diplazium 47.97 

+ 1 48 .esculentum • 

Morus jndica * 

Ferrale 

98.37 

,:!:1. 0 7 

emergence 

(%) 

89.11 

+1 71 - . 

* not cove r ed in the p resent s tudy 

Male 

45.98 

,:!:1.03 

Female 

97.07 

+1 22 - . 

Male 

5.18 

,:!:0. 26 

Female 

8.36 

,:!:0.84 

dity 

683.75 

,:!:65.62 



Table XII b. Duration (days) and survival (%) o f different stages of 

~· casigneta on f e r n (g. esculentum) and angiosperm host (~. indica) 

Mean + SD 

Stage 

Larvae 

Prepupal 

Pupal 

Egg 

* Hatchability 

P- Period(days) 

S- Survival (%) 

p 

s 

p 

s 
p 

s 

p 

* s 

I - l 

I HOST PLANT : 

.Q.. esculentum 

1 - 28 

28.83 ~ 1. 79 

29 - 31 
+ 27.15 - 1.40 

32 - 44 

24.56 + 1.36 

0 4 

92.48~ 0.43 

I t 

f 1::!, indica : 
I . -~ 
; 
I 

1 

4. 66 + 

t 

I 
26 I 

I 
1. 2~ 

27 - 29 . 

3.33 + 1.69 
I 

30 - 3 9 ~ 

oo.66 +o . 47 
- I 



Table XIII a : Survivorship table for the larvae of 

~ casigneta on Q. esculentum 

X 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

3 0 

3 2 

34 

n 
X 

1 00 

100 

98 

95 

89 

85 

79 

75 

68 

58 

47 

38 

32 

23 

18 

12 

6 

x = age in days 

1 . 00 

1. 00 

. 98 

• 95 

• 89 

• 8S 

• 79 

• 75 

.68 

. S8 

.47 

• 38 

. 32 

• 23 

. 18 

• 1 2 

. o6 

1 00 

99 

96.5 

92 

87 

82 

77 

71.5 

63 

5 2.5 

4 2. s 
35 

27.5 

20 . S 

15 

9 

3 

T 
X 

973 

673 

774 

677 . 5 

58S .5 

498.S 

416 . S 

339 . 5 

268 

205 

15 2. 5 

110 

75 

4 7 . 5 

27 

12 

3 

9 . 73 

8.73 

7 . 89 

7 .13 

6 . 58 

5 . 86 

s. 27 

4.53 

3 . 49 

3.54 

3 . 24 

2. 89 

2. 34 

2. 0 7 

1 .S o 

1. 00 

. so 

n = observed number of l arvae surviving at start of 
x· 

age interval x 

1 = proportion s urviving a t start of age interval 
X 

L = number of individuals alive on the average 
X 

during the age interval 

T = individuals x time units 
X 

ex= mean expectation of further life for l arvae 

alive at start of age x 

~= rate o f mortality 

0 

0 

. 02 

.03 

. 06 

• 04 

. 07 

• OS 

.1 0 

.17 

• 23 

• 23 

. 18 

• 39 

• 27 

. so 
1. 00 



Tabl e XIII b 

X 

0 

2 

4 

6 

8 

n 
X 

100 
q6 

91 

84 

72 

5 7 

. 4 7 

40 

33 

30 

25 

1 9 

1 2 

Su rvivor s hip t a b l e for the l a rvae of 2. casigneta 

on !::1· indica . 

1 
X 

1. 00 

. G6 

• 84 

• 72 

. 57 

• 4 7 

. 4 0 

• 3 3 

• 30 

L 

qs 

93 . 5 

87. 5 

78 

64 . 5 

52 

4 3. 5 

36. 5 

31 . 5 

27 . 5 

22 

15. 5 

8 

T 
X 

660 

562 

468. 5 

381 

303 

238. 5 

186. 5 

143 

10 6.5 

75 

4 7 . 5 

25 . 5 

10 

e 
X 

6. 60 

s . as 
5.14 

4 . 54 

4 . 21 

4 .1 8 

3 . 97 

3 . 58 

3 . 2 3 

2. 50 

0 

• 04 

• os 
. os 
. o1 
. 02 

• 21 

. 11 

• 21 

. 1 0 

• 20 

• 31 

. 5 8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

4 

• 25 

. 19 

. 12 

• 04 2 2 

1 . 9 0 

1 . 34 

0 . 83 

o. so 2 . 00 

x = age in days 

n = observed number of larvae surviving at start of age 
X 

interval x 

1 = proportion s u rviving at start of age interval 
X 

L = number of i ndiv iduals alive on the average 
X 

du r ing the age interval 

T = individuals x ti~e units 
X 

e = mean e xpectaeion of further life f or 
X 

l arvae alive at start of. age x 

~= rate of mortality 

0 



Tabl e XIV a : Stadia l duration, cons umptio n (C), egestion (Fu), 

a ssimil at i o n (As ), productio n (P ) and respiration 

(R) of s . casigneta r eared o n f e rn (~. esculentum) - ; 

and mulberry (~. indica )hosts (Mean in mg/la~a) 

Host Stad i a l Ins - c Fu As p R 

Plant Period tar 

Fern 2 I 3·. 60 1 . 4 2 . 46 . '3 8 2. ·o9 
Mul. 2 II 2. 33 1 . 17 1.16 • 2 7 .89 

Fern 2 II 12. 76 6 . 89 5 . 87 1. 35 4. 52 

Mul. . 3 II 9 . 5 5 5 . 8 7 3 . 68 1.1 2 2. 56 

Fe rn 4 III 4 2. 75 25 . 80 16. 9 5 4 . 5 3 12.42 

Mul. • 3 
II 

25 . 9 1 16 . 88 0 . 0 3 3 . 75 s . 28 

Fern 4 IV 1 20 . 3 3 76 . 26 4 4.07 12. 82 31. 25 

Mul. 4 II 83 . 0 2 5 4 . 6 3 28 . 39 12. 61 15. 78 

Fern 4 v 628. 85 4 08. 7 6 2 20 . 09 67. 1 6 152. 9 3 

Mul. • 4 II 130.1 2 9 6 . 60 33 . 5 2 24 . 33 9 . 1 9 

Fern 6 VI 9 84 . 5 3 663 . 40 321 . 1 3 1 05 . 8 8 222 . 25 

Mul. • 5 II 373 . 67 2118. 23 1 25 . 44 43 . 9 4 81 . 5 0 

Mul. • 3 VII 444 . 93 300. 29 144. 69 9 . 4 9 1 35. 20 

TCYI'AL 

Fern 1792 . 28 11 82. 25 61 o . 57 192;1 2 4 25. 4 5 

Mul. 106 g . 53 722 . 67 345. 9 1 9 5 . 51 250. 4 0 

Mul. = 11u l berry 



Tabl e XIV b : Relative nutritional indices and efficiencies of 

s . casignet~ on fe rn (Q. escul e ntum)and mulberry 

(~. indica ) hosts 

Host Ins tar Ase Pe1 Pe 2 
Pl ant 

Fern I 68 . 33 10. 55 1 5 . 44 

Mul. " 4 9 . 78 1 1 . 58 23 . 27 

Fern II 46 . 00 1 0 . 57 22. 99 

MUl . II 38. 53 11 . 72 30. 4 3 

Fern III 39. 64 10. 5 9 20. 72 

Mu:l. • II 34. 85 14 . 47 41 . 52 

Fer;. IV 36. 62 1 0 . 65 2q . 09 

Mul. 11 34 . 1 9 15 . 1 8 44 . 4 1 

Fern v 34 . 99 1 0 . 67 30. 51 

Mul . II 25 . 16 18. E:.9 94 . 44 

Fern VI 3 2. 61 1 o. 75 3 2. 9 7 

Mul . II 33. 56 11 . 75 35 . 02 

Hul. VI1 32. 51 2. 13 6 . 55 

~1ul. = Mul berry 

As e = As s i milation efficiency 

Pe
1
= Gross product ion ef f iciency 

Pe
2
= Net production effic i ency 

RCR= Re l~t ive consumption r a te 

RGR= Re l a tive g r owth rate 

R/ P= l'~aintenance cos t 

P / A= P roduction index 

RCR ffiR R/P P/A 

9 . 47 1 . 00 5 . 47 .15 

3 . 53 . 40 3 . 29 • 23 

4 . 40 . 46 3. 34 . 22 

3 . 31 . 38 2. 28 • 30 

3. ~9 . 37 2. 74 • 26 

2. 81 • 35 1 . 4 0 . 41 

2. 65 • 28 2. 43 • 29 

2 . 36 • 35 1. 25 • 44 
0 

2. 07 • 22 2. 27 • 30 

1 . 55 • 29 . 37 . 72 

1 . 52 . 16 2:0I7 . 32 

1 . :; 3 . 15 1 . 85 • 34 

1 . 10 . 02 14 . 24 . 06 
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c. Ef f iciency values 
0 

As s imilation efficiency (Ase) was found to be 

higher in all instars on fern . On jute the gro ss 

production efficiency (Pe
1

) was high e r i n earl ier 

instars but in a dvanced instars the trend reversed in 

favour of fern . Contrast ingl y , the net production 

ef f iciency (Pe
2

) and production i nde x (P I A) on jute 

was con s istently h ighe r in all the insta r s (Fig . 19 b ). 

A s i g nifica nt decline i n the P/ A va lue was observed 

d uring the additional instar o n fern (Tabl e Xb ). 

B. Spilarctia casigneta (Arctiida e Lepido pt e ra) 

i . Host p l ant prefe rence 

In a similar ho!.> - -pl a nt preference experiment 

with both earl y and advanced instars of ~. c a signe ta , 

u sing five species of fe rns , a cl e~r p r e f e r e nce for 

Q. escul e ntum was observed . No feeding damage was 

reco rde d for any other fern s pecies . Lea f area of 

Q. escul e ntum consumed by advanced ins tar was about (Fig· 20a,b) 

7- 8 times of t hat of the earl ier (Ta ble XI a ). Th e data 

o n p reference between Q. e s cul e ntum and the ang i osperm 
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host , mulberry (~. indica ), showed a clear choice for 

the fern p l ant by the early instar. In the advanced 

instar, a similar choice was apparent (Fig. 20c,d). 

However, some amount of consumptio~ of ~ indica leaves 

was a l s o observed (Table XIb) . The advanced instar 

showed a higher consumption (5-6 times) of ~. esculentum 

when compared to the early instars. 

ii . Development and performance 

§. casigneta females were found to have a fair 

fecundity on D. esculentum (Fig.21) (Table XIIa). Incubation 

period of .,~gs on ~ e s culentum was about four days and 

no obseryation on mulberry could be made since a few 

females that emerged failed to lay eggp . On t he fern 

plant, th~ egg hatchability was quite high (Table XII b). 

The l arvall development on .Q. escul entum took a slightly 

l o nger period {Fig. 22 a,b,c) than on ~. ind ica {Fig.23 a,b ). 

The total period required for prepu pal and pupal development 

showed a large difference (Fig . 24). Approximately 1/3 

of the total population reached late larval, prepupal 

and pupal stages on Q. esculentum. On the same host less 
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mortality was recorded than tha t on !..:· indi ca • Female 

longe yity e xcee ded that of mct l e . Pupal and a dult weights 

o f fe males were higher that that of male s(F i g . 25 a ,b). 

Almost a QO% s uccessful a dult emergence \vas recorded 

on th e fern h ost . Pcrf c1 rmancc of i · ca signc:ta o n 

!,1. in(1ica wa s by and l arge unsatisfacto ry a l tho ug h 

l arval gro\~h and dcvelop~ent t onk p l ace . Final pupation 

of onl y a few were no ted . In an unf o rtunate i ncident most 

of the cocoons and pupae were atta~ked by some ants 

inside the B. O. D. l eading to t heir dppredation. As s u ch 

no prop er we i ght of t he pupae and adul t could be recorded. 

0 

iii . Survivorsn ip study 

The survi\ior~ h ip curv·~ f0r the l a rvae of 

2. casigneta s howed no mortal ity on Q. esculentum 

for the f irst week (F i g . 2C 2 ) . Thi s Has foll o ·wed by 

a g r adual increase in death t ill 28th da y . rn t he 

l ast period i . e . from 22 to 32 days , the few l e ft had 

a better survival . The death rate , however, showed 

variation with a su ~den increa se on 16th, 28th, 30th 

and 32nd day on 2· esculentum (XIII a ) . The death 

of ,§. ca s i r:ne ta l arvae on t1· in,1ica started at an early 

s tage and incre a s e d graduall y till l Oth day (F ig . 26b ). 

From 1 2th day o nwards v..'ith sornc variation both the 
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number: of deaths and the death rate increased steeply 

· .. whieh reached its climax on the 26th or in the last 

few days of larval life (Table XIII b). A comparis ion 

of '1 • values for the larva l survival ultimately showed 
X 

that more of the l arvae entered pupation o~ £. esculentum 

host than on ~. indica. 

The s urvivorship curve of 2· casigneta on 

Q. esculentum showed more or less the Type I c u rve of 

Pearl (1928 ). survivorship curve of the l arvae of the 

same on tl• indica host ,however, showed variation and 

ranked between Type I and Type II . (Fig . 6 ) 

iv . Dry weight (mass } budget of l arvae on fern and 

mulbe r ry. 

a . Consumpt ion, egest i on and weight gain 

The ingestion of h ost p l a nt s , degree of egestion 

and gain in body weight by the l arvae of §. casigneta showed 

cons ide rable variation from instar to instar. The amount 

of leaf eaten by a larvae during i t s total feeding periods 

was 1792 . 28 mg a nd 1 069 .53 mg.of Q. escul entum and~. indica 

(aulberr:y ) respectivel y . Si mi l a rly, higher values for 

eaestion (Fu) a nd production (P ) we re recorded on fern 

as compared to mulbe rry (T a bl e XIV a) . The r elative consump-

t ion rate (RCR) was highes t in the first instar, t he value 
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b eing notabl y high e r o n fer n. Th is dPcreased steadily 

in t he subsequent instars o n both the hosts (Fig. 27a ). 

In g ene ral, the RCR was s l i <Jhtl y highe r o n fern as 

compa r e d to one o n mul berry . The relative growth rate 

(RGR ) in t he s ubsequent insta r s on both the h ost p lants 

showed a decreasing trend. There was a sudden decrease 

in the RGR val ue in fern fro m the I st to IInd ins tar 

(Fig . 27b) . 

b . Assimil ation and Respiration 
0 

The total values for assiln i l ation and resp iration 

were l itt l e more than doubl e o n fern s as compared to mulberry 

(Tabl e XIV a ) . In a ll the instars , the As and R values 

on fe rn by fa r exceeded that on mulbe rry. The cost of 

ma intenance (R/P ) was also much hi9her in the earl y 

i n s tars on both t h e ho st p l a nts (F ig . 28a ). In general, 

R/P values were high e r on fern t ha n that o n mu lbe rry , 

but a sharp rise in the maintenance cost of VII instar 

was noted on the l e tter h ost . 

c . Ef f iciency val ues 

The assimilation eff iciency (Ase ) decreased 

steadily with the adva ncement of larval instars on fern. 

These v a l ues shn wed a variation a n'o ng d ifferent instars 

when fed o n rrtulbe r ry. For· a l l instars , the g r oss product ion 



Fia . 29a . Inta ct frond of the f ern h ost , f . c rin i p es 

of ~. crenu~. 



Fig o 29b . Intact frond o lf the f ern h ost Q.. escu.le~um 

o f ~. c renul ata . 



F ig . ~qc . .Reunainir.q part o f £. crinipe,s after feediiXJ 

by l ate instar ~. crenulata nymphs. 



Figo29d. Rema ining part of Qo esculentt~ after feeding 

by l ate i nstar nymphs of ~. crenu1 ata o 



Fig . 30a . Intact l eaves o f angio~perm host , £. capsul aris 

of :i• £.nillUlata . 



Fig . 30b. Leave s of £. capsula£~ aft e r feeding by l ate 

instar nymphs of ~. crenulata . 



Table XV a ,b. Host p l ant preference by Atractomorpha c renulata 

calculated in percentage of l eaf area consumed/ 

insect/hour. 

a . 

F E R N s 

I 
Stage I C. crini- ~escul- Ii. ensif- M. spel- D. line-I - ......__ 

~ enturo olia uncae ~ 

Early o.oe o. o6 
C> 

nymphs 

, Adva nced 0.45 0 . 30 
I nymphs ' ... 
I 
I 

\ Adult 0. 23 0 . 23 

b·~· --------------------------------------------------------------------------~ 
F ERN-A NG I 0 S P E R M 

Stage c. crinipes g, capsularis 

Earl y 0 .1 2 0.07 
nymph 

Adva nced 1 0 . 85 o. 20 
nymph 

Adult 0 . 41 0 . 34 



F~g . 31 . Eggs of ~. crenulata. 

Fig . 32a . · Earl y nymph s of~. crenula ta on 

£. capsul aris . 

t 



Fia . 32a . 



• 

_Fig. 32b. V instar male Of a. CrenulataL 

Fjg. 32c. VI instar female of a. crenulat~. 

Fig . 33 . t1ating pair of ~. crenula ta. 

.. 
• , 
J 

,. . 
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F ig . 34a. s urvivorship c urve of ~. crenulata on £. ££1D1pes. 

Fig . 34b. .survi vorship curve o f ~. c renul ata on g_. capsularis . 
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Table XVI a : Performance of A. crenulata on f e r m (f. crinipe8) 

and angiosperm (f. capsu1a ris ) hosts (mean + SD) 

~.---------------------.~--------~~ I 

Host : Adult dry weight (mg ) : Longevity (days) ! Fecun- 1 

_. _ _ . -- ~ 

: Plant : Male Female 1 Male Female : dity 
I • I ______ L 

' I I 
I ' I I I 

Chris te1la i 43. 4 0 149 . 20 : 31 .33 36.61 : 78.20 ! 

crinipes 

Corchorus 

capsu1aris 
I 

+ 1 . 36 

40 . 09 

+ 0 . 34 

+ 1 . 48 

14 2. 95 

+ 1.30 

+ 2~i86 

26.66 

+ 4 .18 

+ 1.01 

33.36 

+ 2 55 - . 
I I 1 

+ 7. 02 : 

36. 00 

+ 5 . 78: 

1 I 1 r 
I 
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Table XVI b . Dura tion (days ) and survival (%) of diff e rent s tages of 

A. crenul ata on f e rn (£. c r inipes }and angiosperm host 

{f . capsula r is) (Mea n + SD} 

Sta g e P- Period {Days ) ' H 0 S T P LA N T 
' 
' I 

S- SUrvival (%) . 
.£, crinipes c . capsularis \ ' ' I 

I I 

I 
I 

Nymphs P . 1 - 28 I 1 - 32 I • 
+ I 

15 . 5~ ~ 1 . 35 (I- V) s I 21 . 41 - 1 . 1 8 I 

I 
I 

Nymphs p 29 - 38 r 33 - 43 

VI instar ~ s . + 10.70 - 0.5 9 7. 81 + 0. 67 

Eggs p 
I 

0 - 30 I 0 - 34 
' 

S* : 67. 35 + 1 . 48 44 . 01 + 1. 76 

* s tands for egg hatchab ility 

I 
I 

I 

' 



Tabl e XVII a Survivo rship t abl e for t h e nymphs of 

~. crenulata on £. crinipes 

X 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

3 2 

34 

36 

n 
X 

100 

91 

82 

79 

77 

64 

62 

48 

39 

35 

32 

28 

25 

20 

14 

14 

1 3 

10 

x = age in days 

1 
X 

1 . 000 

• 910 

• 820 

• 7Q O 

• 770 

• 64 0 

• 620 

. 480 

• 39 () 

• 350 

• 320 

• 280 

• 250 

• 200 

. 140 

.140 

. 130 

. 100 

L 
X 

95 . 5 

86. 5 

80 . 5 

78 . 0 

70 . 5 

63 . 0 

ss . o 
4 3. 5 

37 . 0 

33 . 5 

30 . 0 

26. 5 

22 . 5 

17 . 0 

14 . 0 

13. 5 

11 . 5 

5 . 0 

'r 
X 

783 . 0 

687. 5 

60 1.0 

5 20 . 5 

44 2. 5 

372 . 0 

309 . 0 

254 . 0 

21 n. 5 

1 73 . 5 

140 . 0 

11 0 . 0 

83 . 5 

61.0 

44 . 0 

30 . 0 

16.5 

5 . 0 

e 
X 

7.83 

7.55 

7. 33 

6 . 59 

5 . 75 0 

5 .81 

4 . 98 

5. 29 

5 . 39 

4 . 96 

4 . 38 

3.93 

3. 34 

3 . 05 

3.14 

2. 14 

1 . 27 

J . 5 

n = observed number of nymphs surviving at start of 
X 

age inte rval x 

1 = proportion s urviving at start of age interval 
X 

L = number of individuals alive on the average during the 
X 

age interval 

T = individuals x time un its 
X 

e = mean expectation of further life for nymphs a t start 
X 

of age x 

q = rate of mortality 
X 

0 

• 09 

.1 0 

• 03 

. 0 2 

• 20 

. 03 

• 29 

• 23 

.11 

. 0 9 

. 14 

.12 

• 25 

.4 2 

00 

. 07 

• 30 



Table XVII b 

X 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

n 
X 

10 0 

9 6 

91 

85 

79 

72 

72 

67 

60 

53 

47 

38 

26 

21 

17 

14 

13 

11 

9 

survivorship tabl e f or t he nymphs of 

~. crenulata on £. capsul aris 

1 
X 

1 . 0 0 

.96 

.91 

• 85 

• 79 

• 7 2 

• 7 2 

. 67 

• 60 

. 53 

. 47 

. 38 

• 26 

• 21 

. 17 

.14 

.1 3 

.11 

• 09 

L 
X 

148. 0 

93.5 

88.0 

8 2.0 

75.5 

72. 0 

69 . 5 

63. 5 

56. 5 

so . o 
42 . 5 

3 2. 0 

23 . 5 

1Cl.O 

15 . 5 

1 3 . 5 

12. 0 

10.0 

4.5 0 

T 
X 

971.0 

823.0 

729.5 

641.5 

559.5 

484 . 0 

412 . 0 

34 2. 5 

279 . 0 

2 2 2 . 5 

17 2 . 5 

130 . 0 

9 8 . 0 

74.5 

55 . 5 

40 . 0 

26 . 5 

1 4 . 5 

4.5 

e 
X 

9 . '71 

8 . 57 

8 .0 2 

7.55 

7;08 

6 . 72 

5 . 72 

5 . 11 

4 . 65 

4 . 20 

3. 67 

3 . 4 2 

3 . 77 

3 . 55 

3 . 26 

2 . 8 6 

2. 04 

1.32 

o. so 

x = age in days 

n = observed number o f nymphs surviving at s tart of 
x age interval x 

1 = p r oport ion s urviving at start of age inte rval 
X 

0 

• 04 

• 05 

. 07 

.07 

• 09 

o. oo 
; o7 
.11 

.13 

.12 

• 23 

.46 

• 23 

• 23 

• 21 

• 07 

. 18 

• 2 2 

L = number of indiv i d uals a liv e on the average during the 
x age interval 

T = i nd i v i dua ls X time units 
X 

e = mean expectation of further life for ftymphs at start of age x 
X 

q = rate of mortality 
X 



Tabl e X'/IIJ a : Stadial duratJon, consumption (C ), eaestion (Fu) , 

assirnila t ion (As ), p r orluction (P ) and respirat i on 

(R) of ~. crenu~ on fern ( g_. g:] n ines ) and 

jute (C, capsularis ) h ost s 

Host Stad ial Ins -

p l ant period t ar 

Jute 

Fern 

Jute 

Fern 

Jute 

Fern 

Jute 

Fern 

Jute 

Fern 

Jute 

fern 

T0rAL 

Jute 

Fern 

6 

7 

6 

7 

8 

7 

8 

9 

10 

1 2 

10 

1 2 

48 

54 

I 

II 

II 

II 

III 
II 

TV 
II 

v 
II 

VI 
II 

c Fu 

20.70 s . 29 

7 . 75 2 . 96 

29 . 31 7 . 31 

1 9 . 88 9 . 29 

57. S6 23 . 74 

38 . 02 1 9 . 20 

8 4 . 32 37 . 3 2 

58. 03 33 . 02 

118. 68 57. 93 

143 . 93 102. 42 

229. 55 162. 97 

250 . 57 1 88. 06 

54') . 1 2 294 . 56 

51 8 . 1 8 354 . 95 

As 

15 . 41 

4 . 29 

21 . 79 

1 0 . 59 

47 . 00 

25 . 61 

60. 75 

41 . 51 

136. 58 

62. 51 

p 

2. 11 

1. 12 

3 . 14 

3 . 15 

11 . 29 

10. 13 

25 . 19 

26. 26 

68 . 02 

56. 67 

315 . 35 116. 32 

163 . 33 10 3 . 76 

R 

13.30 

3.17 

18. 65 

7.44 

27 . 25 

12. 39 

35.71 

14. 88 

35. 56 

15 . 25 

68. 56 

5 . 84 

199.03 

58. 97 



T a b l e XVI I I b : Re l a tive n u t r itio na l ind ices and e f f i c ienc i e s 

o f t:.• cre nula ta o n fe r n (£. 
jute (£. c a p s ul a :r;is )hosts 

Ho s t Ins - As e Pe
1 

Pe
2 

RCR 

Plc.nt tar 

Jute I 74 . 44 1 0 . 19 13 . 6 9 1. 05 

Fern II 59. 17 15 . 4 4 26 . 10 • 83 

Jute I I 74 . 34 1 0 . 71 1 1 . 1 1 • 86 

Fern II 53. 26 1 5 . 8 4 29 . 74 . 82 

Jute III 5 8 . 75 11.41 1 9 . 42 • 71 

Fern II 4 9 . 50 1 6 . 9 1 34 . 1 6 

Jut e I V 5 5 . 74 1 3 . 38 24 . 02 

Fern .. 4 9 . 72 17. 4 5 4 0 . 50 

Jute v 51 . 18 21 . 22 41 . 46 

Fern II 28. 8 4 1 8 . 24 63 . 26 

* J ute VI 45 . 5 9 22. 7 0 4 9 . 80 

Fern II 24 . 94 22 . 61 90 . 6 5 

* ~ nymph s onl y , 

Ase = 

Pe
1 

= 
Pe 2 = 
RCR = 
RGR= 

R/ P = 
P / A = 

As s i mi l c t i on eff i ciency 

Gro ss p r oduct ion e ff f icie n cy 

Net prod uct i o n eff i c i ency 

Re l c t i v e cons u mption r ate 

Rela tive g r o wth r a t e 

Hain t e nanc e c ost 

pro·iu ct i on index 

• 74 

• 65 

• 43 

. 1 0 

• 36 

"" Q 
• .) J 

• 28 

cri~ipes ) and 

RG R P/A R/ P 

.10 . 13 6 . 3 0 

. 36 • 26 2. 83 

• 09 . 14 5 . 9 3 

. 3 0 • 29 2. 36 

. os . 1 9 4 . 1 4 

• 24 • 34 1 . 92 

• 0 8 • 24 2 . 1 2 

. 11 . 1 0 1 . 4 6 

. CJ8 . 41 1 . 41 

• 0 3 . 63 . 5 8 

. os . 4 9 1 . 00 

• 0 1 . 9 0 0 . 1 0 

0 



46 

effi~iency (Pe
1

) wa s higher o n mulberry but in the 

additional instar (VII) it was the least. With advance­

ment of larval instars t he net production efficiency (Pe
2

) 

a l so showed a simil ar trend in increase o n both the 

h o sts . However , the values showed a sharp fall . in the 

VIth and the additional VIIth instar o n mulberry 

(Table XIVb) . The production index (P/ A) was found to 

be c onsistently h igher on mulberry than Q. esculentum 

(Fig . 28b ). 

c. Atractomorpha crenulata (Acrididae : Orthoptera) 

i . Host p l ant preference 

Food finding aL . ....l host plant preference experiments 

of A.cranulata using five fern s pecies showed a preference 

for two of the spec ies , £. crinipes and Q. esculentum. 

The nymphs showed a higher leaf area consumption of 

£. crinipes t han Q. es culentum. Adults showed a balanced 

choice b e tween the above fern spe cies (Table xva Fig. 29a , 

b , c , d ). Although an increase in leaf area consumption was 

noted in both the fern s by advanced nymphal stages, it 

got reduced in adults. The preference data between the 

fern species, £. crinipes and the angiosperm host, 

£. capsula ris indicated a higher preference for the fern 

species by a ll stages (Table XVb) (Fig . 30 a,b) . 

0 
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ii . Development a nd performance 

Development of ~. crenulata on £. crinipes 

(fern) and £. cao sularis (j ute ) sho wed that the average 

tota:l nympha l peri od on £. capsula ris was more than 

t hat on£. crinipes (Tabl e XVI b ) (Fig . 32a,b, c ). On 

both the h o st p l a nts the acridid s pecies h ad an· additi­

onal (VI) instar for the females only. Survival (%) 

o n f. cr inioes was higher than that o n f. caosularis. 

~. crenulata l a i d almo st two f ol ds egg on f. crinipes 
0 

than o n f. capsularis (F ig . 31 ). Eggs took about a 

month to hatch and the incubation period was s l iqhtly 

higher on £ . cao sul aris . On £. crinipes % o f egg s urvi­

val was highe r to that o n j ute . Both mal e and female 

longev ities were found to b e slightly higher on 

£. crin i pes than on £. c aosulari s (Table XVI a ). The 

ave r age dry we ights of males and females a l so indicated 

a marginal ly highe r value on £. crin ipe s . The body w.:eight 

of females on both the h ost p l a nts by far exceeded 

those of males (F ig. 33 ). 

iii. survivorship study 

survivorship curves of ~. cre nulata on 

£. crini p es and £. capsula ris , showed a variatio n, both 

i n number of deaths and d lso in t he death rate (Fig. 34a, b). 
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No fixed patte rn of death rate by the nymphs were 

evident excepting that the death rate touched zero on 

£. crinipes on the 30th day while on £. capsularis, 

as early as on 12th day. The n and 1 values, however, 
X X 

showed a close similarity a t the end of nymphal period 

indicating that a similar number of nymphs survived to 

become adults (Table XVII a,b). 

A compa rision of the s urvivorship curves of the 

acridid nymphs on both the hosts showed close similarities 

in their basic pattern. The curves E~ood between tyPe I 

and tYPe II, being more close to tyoe II of the hypothe­

tical curves (Pearl, 19 28) (Fig. 6.) 

iv. Dry weight nutrient (mass ) budget of nymphs 

on fern and jute. 

a. Consumpt ion, egestion and weight gain 

The nymphs of ~. crenulata showed a considerable 

diffe rence in the values for consumption and egestion 

\·.1hich increased along with the advancement of instars 

(Table XVIII a ). Production (p) , however, showed a close 

trend of increase in the earlier instars . Only t h e VI 

instar stage, comprising the female nymphs, showed a 

substantial increase in weight on f. capsularis compared 

to that o n f. crinioes . A comparision of RCR values 
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indicat ~d a d ecreas i ng trend i n s u bsequent ins tars o n 

b ot h t h ~ hos ts . These values on the t wo hosts showed a 

na rro w iiffe r enc e a nd ove r l apned a t ti~es (Fig . 35a ). Th e 

RGR val~es al so showe d a d ecrease in s ubsequent instars 

on fern which i s the least in t he VI instar (Fig . 35b }. 

Eowe v e r, on jut e the v al ues did no t differ much and 

became constant in the l ast four instars . 

l:: . Assimila t ion and respi ration 

The ass i milation va l ues in a l l the nymphal 

instars were much h ighe r o n j ute t han that o n f e r n . rn 

general, the resp iratory values also increased steadily 

from I~ / ins tar on both t h r hosts except ing i n the VI 

i nstar ) n fern (Tabl e XVI II . a).Th e c o s t of maintenance 

(R/ P) c f the earl y instar s was h i gher t h an t he advanced 

ones on both the h o s t s . However , i t was no teworthy that 

t he maintenance cost on j ute f o r a l l ins t ars was hi~her 

t han t ha t o n fern ( Fig . 36a ). 

• . Ef fi c i ency values 

The ef f iciency of ass imil~tion (Ase ) was much 

h igh e r o n j u t e . However, the gross prod uction e f ficiency (Pe1 ) 

0 



Tabl e XIX a : Chemica l anal ys is and comparision of l:a sic nutritional compone .. t:s ( rng / g) 

F.oQd, 
Pla nt 

Di o l a zium escul e nt-:..rm 

_C11r i :. t ella crinipes 

Li nd s ea ensifolia 

~cr:-· 1 enia soe l uncae 

Dicranopt e r is l i nearis 

Co rchorus capsularis 

Moru s indica 

Total 
Dietary 
P rotein 

184. 31 

1 en . 55 

113. 9 5 

75 . 74 

1 90.1 9 

178. 55 

1 i2. 58 

Total 
Nutri t ive 
Carbohyd r a te 

2 23 . 64 

22 0 . 75 

22 8 . 22 

1c:l0 . 4 8 

144. 7 2 

564 . 55 

273 . 63 

Total 
Lip id 

23 . 0 3 

36. 5 2 

64. 1 0 

21 . 80 

7. 75 

22. 02 

17. 84 

ca r >hydr a te 
P r otein 
Ra tio 

1. 21 

1. 15 

2. 0 0 

2. 51 

o. 76 

3. 16 

1. 79 



Fern and TANNIN Total Water Fibre Water 

angios penn Soluble Cond ensed Phenol Phenol 

Hosts (TAE ) Ratio 

Diol a zium 0 . 27 3,.5 0 0.69 81.30 5 0 . 4 7 • 008 

e s culent urn 

Chris t ella o. 34 -3·~ 7 3 0.74 7 2.13 54.·43 .010 

crinipes 

Lind s ea 1. 45 7.51 o.·81 71.84 56.07 • 011 

f:ns ;if ol, i a ... 
Micr ol e:Qia o;64 9 . 0 7 0.18 ?g. 8 6 5 0 .1 2 • 002 

spe l uncae 

Di c r a no12t e r i s 1.3 2 16.1 9 0 . 66 57. 8 3 44.39 • 011 

1 ineari s 

Co rchorus 0 . 26 3 . 97 0 . 9 4 73. 27 75 . 25 • 01 0 

caE sulari~ 

Morus ind i ca 0 . 28 4 . 02 0. 53 71.96 77.66 . 006 

0 
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wa s mo r e o n fern f or the first four insta rs which s u bse q uently 

l evell e d off with jute . The net p r oduction e f f i c i e nc y(Pe 2 ) 

c learl y showed higher val ues on fern than t hat o n j ute 

(Tabl e XVII r b). The p r oduction index (P/ A ) was 

h i g he r o n fern as compared to that on jute , wh ich 

rea ched the ma x imu m value in the ultimate insta r (Fig. 36b )~ 

111. BI OCHEMICAL STUDY (DIETARY CO~PONSNTS ) OF JUT E, 

t·1ULBERRY .1\~D FEqN S 

The bio chemi c a l orofile i n reference to basic 

nut rients and some non-nutrit i o na l comoonent s i ndicated 

a ,.;ide variation amo ng the species of ferns . Dipl az i um 

esculent um, with a h i gh protein and a mnderate ca rbohyd~ate 

a nd lip i d content appeared dieta r ily rich . Its carbohy ­

drate - protein ratio. was reasonably na rrm.;. Whil e '·Jith 

h.i.gh est wa ter Content , t h i s specie s showed a 

na r r ow phend ~ater rat io. Both sol ubl ~ as well as condensed 

t annin in the species were .• inirnum indicating l ow host 

defence . 

Christella crinioes shov.Je d the hi ; h e st protein content 

v;ith c. moderate carbohyd rate and a narro"' carbohydrate­

pro t e i n rat io - which i s close to Q. esc u l e ntum. L i nid , fibre 

and pheno l content \,1ere :noderate . v1r.J.ter % was reasonably 
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hioh Hith a mo dera t e pheno l-\vater r a t io. Both sol ub l e a nd 

c ondensed tann ins we r e found to b e sliqhtly high e r t han 

that o n Q. esculentum b ut compa r a tivel y l cs~c:: t han the 

rest of the fern s p e cie :. . Amonqst the rest of the fern 

specie s , t\·Jo of them i . e . L . : d s e a c n s ifol ia and ~·icrol epia 

soeluncea s hoHed a very h igh carbohydrate - protein ratio 

and lip id c o nte nt . Thei r co nd e nse4 t ann in content were 

r easonabl y hi , h e r (a l most two t o t~ ree ti~es ) t ha n that of 

S e s c u lentum. On f . crin i~c s , ho~ever , their lipid , phenol 

solub l e tannin l evel ~ and phenol-water ratio s howed 

~~eat va r i ation. r n both s De cies wate r conten~ was 

rea s o nabl y hiqh a nd the i r f ibre c o nt e nt s were mod e rate . 

The la st o f t he fern s pecie s i . e . Dicranooteris 

linear is, showed nar rowest c arbohydra te - prot e i n ratio 

but had a v ery l ow l i o id c o nte nt . The p e rce ntage of water 

co ntent was l o \-ve st and t he ph e nol - wate r ratio was moderate. 

Although it s fibre c ontent was t h e l east , its condens ed 

tannin was the highest and the sol ubl e tannin was reasonably 
0 

high . 

The anal y s i s of t he e co no~ ic host n l ant f . cans ul aris 

s hovJed a mode rate d i etary o rr1te i n but a very hi oh carbohyd rate 

cont e nt. The l i p id was reasonabl y h i'Th a nd mo re or l es s 

: r. t he t une nf .Q. e.c- c u l e: n tum . l10th r h 0 n0 l an ·1 Hater c o ntent 
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were moderately high with a reasonable phenol-water 

ratio similar to a number of fern species. The fibre 

content was second highest but the soluble and the 

condensed tannins were of lowest and reasonably low 

values respectively. 

Morus indica had lower values of protein and 

carbohydrate when c ompared to f. capsularis. It had a 

reasonably low ca rbohydrate-protein ratio and lip id 

content. The plant also h ud low values f or phenol, 

soluble and ~ondense~ ta~nins. Despite having the 

second lowest phenol-water ratio , its fibre content 

was found to be highest and c lose to £. capsularis 

(Table XIX a,b). 

0 


